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. 

1.1.  
 

 
 

,  
 [1],  

 –  
. 

1.1.1. ,  
 

 
,  [1]  

, ,  1. 
 

 1.  
module Control.FiniteState where 
 
-- . 
type StateTransition state event output = state -> event -> 

(state, [output]) 
 
-- ,  

foldl. 
type FoldableTransition state event output = (state, [output]) 

-> event -> (state, [output]) 
 
--  StateTransition  FoldableTransition 
stt2foldable :: StateTransition state event output -> 

FoldableTransition state event output 
stt2foldable transition (pstate, accumulator) event = (nstate, 

accumulator ++ output) 
    where (nstate, output) = transition pstate event 
 
--  
-- . 
moore2mealy transition pstate event = (nstate, output) 
    where 
        (_, trans, outr) = transition pstate 
        xstate = trans event 
        (inr, _, _) = transition nstate 
        (nstate, output) = case xstate of 
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            Nothing -> (pstate, []) 
            Just x -> (x, outr ++ inr) 
 
---------------------------------------------------- 
--  <<  state>>. 
pure :: state -> (state, [output]) 
pure state = (state, []) 
 
--  <<  state  

 output>>. 
blot :: state -> output -> (state, [output]) 
blot state output = (state, [output]) 
 
--  <<  state  

 output>>. 
dark :: state -> [output] -> (state, [output]) 
dark state output = (state, output) 
 
---------------------------------------------------- 
class AutomataState state where 
    lastState :: state -> Bool 
 
-- , . 
data IOAutomata source state event output = IOAutomata 
    (source -> IO (source, [event])) --  

. 
    (state -> event -> (state, [output])) -- . 
    (source -> output -> IO source) --  

. 
    (source, state) -- . 
 
-- . 
runIOAutomata (IOAutomata ep stt og psystem) = 
    runIOAutomata' ep stt og psystem 
 
runIOAutomata' ep stt og (psource, pstate) = do 
    (xsource, events) <- ep psource 
    let (nstate, outputs) = foldl (stt2foldable stt) (pure 

pstate) events 
    nsource <- foldlM og xsource outputs 
    if lastState nstate 
        then return () 
        else runIOAutomata' ep stt og (nsource, nstate) 
    where 
        foldlM _ s [] = return s 
        foldlM ofunc s (o:os) = do 
            ns <- ofunc s o 
            foldlM ofunc ns os 
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,  
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1.1.2.2.  
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,  
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. 1. .  
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.  

«Run»  
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 2.  
-- : << >> (<<Run>> ), 
-- << >> (<<Stop>> ). 
data HubState = Running | Stopped deriving Show 
-- : << >>, <<  

>>, 
-- << >>. 
data HubEvent = NewClient Int 
              | DeadClient Int 
              | GotMessage Int String deriving Show 
-- : << >>, 
-- << >>. 
data HubOutput = Send2All String | Send2ID Int String deriving 

Show 
 
switchFunc Stopped _ = pure Stopped 
switchFunc Running e = case e of 
    NewClient i  -> blot Running $ Send2All $ show e 
    DeadClient i -> blot Running $ Send2All $ show e 
    GotMessage i s -> blot Running $ Send2All $ 
        (show i) ++ ": " ++ s 

 
,  [1],  

,  case,  
pattern matching.  Stopped .   

 Running ,  
:  

, -
. 

. 2,  
 –  3. 
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. 2. . «e1» –  «USR name», 

«e2» –  ( , ), 

«z1» – , «z2» – . 

 «Work»  

 
 3.  

-- : 
-- << >> (<<W4A>> ), 
-- << >> (<<Work>> ), 
-- << >> (<<Stop>> ). 
data ClientState = WaitForAuth 
                 | Working String 
                 | Stopped deriving Show 
 
-- : 
-- << >>, 
-- << >>, 
-- << >>. 
data ClientEvent = MustDie 
                 | GotLine String 
                 | SendLine String deriving Show 
 
-- : 
-- << >>, 
-- << >>, 
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-- << >>, 
-- << >>. 
data ClientOutput = SayDead 
                  | SayMessage String 
                  | PushMessage String 
                  | StopTimer deriving Show 
 
switchFunc s e = case s of 
    WaitForAuth -> case e of 
        MustDie -> die 
        GotLine str -> let (c, p) = splitAt 3 str in 
            if c == "USR" 
                then blot (Working $ tail p) StopTimer 
                else die 
        SendLine str -> pure s 
    Working name -> case e of 
        MustDie -> die 
        GotLine str -> blot s $ SayMessage $ "<" ++ name ++ "> 

" ++ str 
        SendLine str -> blot s $ PushMessage str 
    Stopped -> error "Must not" 
    where die = blot Stopped SayDead 

 
, 

 [1].  WaitForAuth  Working  
, ,  

.  Working  
. , , 

. 
:  

,  TCP . 
 

.  TCP-
. 

 TCP  
STM  (Software Transactional Memory),  STM  

. ,  STM  
. 

 – ,  
,  STM . 

 
. 3. , -

 ( , ). 
, ,  

.  
 ( ),  

. 
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. 3.  

. «Accepter» – , «Reader» – 

 TCP- , «Timer» – , «Hub» – , «Client» – -

 

 
 

 (  Util.Bus)  Control.Concurrent.STM,  
. ,  – .  

,  
 STM . 

 Control.FiniteState. 
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 4. Main 
import Util.Bus 
 
import Object.Accepter 
import Object.Hub 
 
import Network 
import Control.Concurrent 
 
main = do 
    (hubin, hubout) <- newPipe 
    forkIO $ hubRun hubin 
    sock <- listenOn $ PortNumber 4111 
    accepterRun sock hubout 

 
 5. Control.FiniteState 

module Control.FiniteState where 
 
-- . 
type StateTransition state event output = state -> event -> 

(state, [output]) 
 
-- ,  

foldl. 
type FoldableTransition state event output = (state, [output]) 

-> event -> (state, [output]) 
 
--  StateTransition  FoldableTransition 
stt2foldable :: StateTransition state event output -> 

FoldableTransition state event output 
stt2foldable transition (pstate, accumulator) event = (nstate, 

accumulator ++ output) 
    where (nstate, output) = transition pstate event 
 
---------------------------------------------------- 
--  <<  state>>. 
pure :: state -> (state, [output]) 
pure state = (state, []) 
 
--  <<  state  

 output>>. 
blot :: state -> output -> (state, [output]) 
blot state output = (state, [output]) 
 
--  <<  state  

 output>>. 
dark :: state -> [output] -> (state, [output]) 
dark state output = (state, output) 
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---------------------------------------------------- 
class AutomataState state where 
    lastState :: state -> Bool 
 
-- , . 
data IOAutomata source state event output = IOAutomata 
    (source -> IO (source, [event])) --  

. 
    (state -> event -> (state, [output])) -- . 
    (source -> output -> IO source) --  

. 
    (source, state) -- . 
 
-- . 
runIOAutomata (IOAutomata ep stt og psystem) = 
    runIOAutomata' ep stt og psystem 
 
runIOAutomata' ep stt og (psource, pstate) = do 
    (xsource, events) <- ep psource 
    let (nstate, outputs) = foldl (stt2foldable stt) (pure 

pstate) events 
    nsource <- foldlM og xsource outputs 
    if lastState nstate 
        then return () 
        else runIOAutomata' ep stt og (nsource, nstate) 
    where 
        foldlM _ s [] = return s 
        foldlM ofunc s (o:os) = do 
            ns <- ofunc s o 
            foldlM ofunc ns os 

 
 6. Util.Bus 

module Util.Bus 
( InPipe(..), OutPipe(..), Bus(..) 
, newPipe, newDup, newBus, otherEndOf 
, inEndOf, outEndOf 
, recvMessage, recvMessageSTM 
, sendMessage, sendMessageSTM 
, atomically, orElse, retry ) where 
 
import System.IO 
import Control.Exception (finally, catch) 
import Control.Concurrent 
import Control.Concurrent.STM 
 
---------------------------------------------------------------

------ 
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-- Classes 
---------------------------------------------------------------

------ 
class MessageBusRecv bus msg | bus -> msg where 
    recvMessageSTM :: bus -> STM msg 
    recvMessage :: bus -> IO msg 
    recvMessage bus = atomically $ recvMessageSTM bus 
 
class MessageBusSend bus msg | bus -> msg where 
    sendMessageSTM :: bus -> msg -> STM () 
    sendMessage :: bus -> msg -> IO () 
    sendMessage bus msg = atomically $ sendMessageSTM bus msg 
 
class MessageBusOtherEnd this that | this -> that where 
    otherEndOf :: this -> that 
 
---------------------------------------------------------------

------ 
-- Types 
---------------------------------------------------------------

------ 
data InPipe  a = InPipe (TChan a) 
data OutPipe a = OutPipe (TChan a) 
data Bus i o = Bus (InPipe i) (OutPipe o) deriving Show 
 
instance Show (InPipe a) where 
    show (InPipe _) = "InPipe" 
 
instance Show (OutPipe a) where 
    show (OutPipe _) = "OutPipe" 
---------------------------------------------------------------

------ 
-- Instances 
---------------------------------------------------------------

------ 
instance MessageBusRecv (InPipe a) a where 
    recvMessageSTM (InPipe me) = readTChan me 
 
instance MessageBusSend (OutPipe a) a where 
    sendMessageSTM (OutPipe me) msg = writeTChan me msg 
 
instance MessageBusOtherEnd (InPipe a) (OutPipe a) where 
    otherEndOf (InPipe a) = OutPipe a 
 
instance MessageBusOtherEnd (OutPipe a) (InPipe a) where 
    otherEndOf (OutPipe a) = InPipe a 
 
instance MessageBusRecv (Bus i o) i where 
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    recvMessageSTM (Bus me _) = recvMessageSTM me 
 
instance MessageBusSend (Bus i o) o where 
    sendMessageSTM (Bus _ me) msg = sendMessageSTM me msg 
 
instance MessageBusOtherEnd (Bus i o) (Bus o i) where 
    otherEndOf (Bus a b) = Bus (otherEndOf b) (otherEndOf a) 
 
inEndOf  (Bus a b) = a 
outEndOf (Bus a b) = b 
---------------------------------------------------------------

------ 
-- Functions 
---------------------------------------------------------------

------ 
newPipe :: IO (InPipe a, OutPipe a) 
newPipe = do 
    x <- atomically $ newTChan 
    return $ (InPipe x, OutPipe x) 
 
newBus :: IO (Bus a b, Bus b a) 
newBus = do 
    (xi, xo) <- newPipe 
    (yi, yo) <- newPipe 
    return $ (Bus xi yo, Bus yi xo) 
 
newDup (OutPipe a) = do 
    x <- atomically $ dupTChan a 
    return $ InPipe x 

 
 7. Object.Accepter 

module Object.Accepter where 
 
import Prelude hiding (catch) 
import System.IO 
import Control.Exception (finally, catch) 
import Control.Concurrent 
import Network.Socket 
 
import Util.Bus 
import Object.Client as C 
 
accepterRun sock chan = 
    (sequence_ $ repeat $ do 
        accepted <- accept sock 
        forkIO $ C.clientRun accepted chan 
        return ()) 
    `catch` (const $ return ()) 
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    `finally` (do 
        sClose sock 
        return ()) 

 
 8. Object.Client 

module Object.Client where 
 
import qualified Object.Reader as R 
import qualified Object.Timer as T 
 
import Control.Concurrent 
import Control.FiniteState 
import Util.Bus 
 
data Hub2Client = Die | Send String deriving Show 
data Client2Hub = Dead | Alive (OutPipe Int) (OutPipe 

Hub2Client) | Got String deriving Show 
 
data ClientSources = ClientSources 
    { myID :: Int 
    , hubBus  :: Bus Hub2Client (Int, Client2Hub) 
    , readBus :: Bus R.Reader2Client R.Client2Reader 
    , timerBus :: Maybe (Bus T.Timer2Client T.Client2Timer)} 

deriving Show 
 
data ClientState = WaitForAuth | Working String | Stoped 

deriving Show 
data ClientEvent = MustDie | GotLine String | SendLine String 

deriving Show 
data ClientOutput = SayDead | SayMessage String | PushMessage 

String | StopTimer deriving Show 
 
instance AutomataState ClientState where 
    lastState Stoped = True 
    lastState _ = False 
 
clientRun (socket, info) chan = do 
    (anspipeme, anspipeit) <- newPipe 
    (idpipeme, idpipeit) <- newPipe 
    sendMessage chan $ (0, Alive idpipeit anspipeit) 
    cid <- recvMessage idpipeme 
     
    (readerme, readerit) <- newBus 
    forkIO $ R.readerRun socket readerit 
     
    (timerme, timerit) <- newBus 
    --forkIO $ T.timerRun 60000 timerit 
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    runIOAutomata $ IOAutomata 
        getEvents 
        switchFunc 
        doOutputs 
        (ClientSources 
            { myID = cid 
            , hubBus = Bus anspipeme chan 
            , readBus = readerme 
            , timerBus = Just $ timerme}, 
        WaitForAuth) 
 
data MessageSource = FromReader R.Reader2Client | FromTimer 

T.Timer2Client | FromHub Hub2Client 
getEvents state = do  
    msg <- atomically $ foldl orElse retry $ 
        [ FromReader `fmap` (recvMessageSTM $ readBus state) 
        , FromHub    `fmap` (recvMessageSTM $ hubBus state) ] 
        ++ (case timerBus state of 
            Just timerme -> [FromTimer  `fmap` (recvMessageSTM 

$ timerme)] 
            Nothing -> []) 
    print $ mapEvent msg 
    return $ dark state $ mapEvent msg 
    where 
        mapEvent m = case m of 
            FromReader (R.GotThat str) -> [GotLine str] 
            FromHub (Send str) -> [SendLine str] 
            FromReader R.Dead -> [MustDie] 
            FromHub Die -> [MustDie] 
            FromTimer T.Timeout -> [MustDie] 
            _ -> [] 
 
switchFunc s e = case s of 
    WaitForAuth -> case e of 
        MustDie -> die 
        GotLine str -> let (c, p) = splitAt 3 str in 
            if c == "USR" 
                then blot (Working $ tail p) StopTimer 
                else die 
        SendLine str -> pure s 
    Working name -> case e of 
        MustDie -> die 
        GotLine str -> blot s $ SayMessage $ "<" ++ name ++ "> 

" ++ str 
        SendLine str -> blot s $ PushMessage str 
    Stoped -> error "Must not" 
    where die = blot Stoped SayDead 
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doOutputs state output = case output of 
    SayDead -> do 
        toRead R.Die 
        toHub Dead 
        return state 
    StopTimer -> do 
        case timerBus state of 
            Just timerme -> sendMessage timerme T.Die 
            Nothing -> return () 
        return $ state {timerBus = Nothing} 
    SayMessage str -> toHub (Got str) >> return state 
    PushMessage str -> toRead (R.SendThat str) >> return state 
    where 
        toHub x = sendMessage (hubBus state) (myID state, x) 
        toRead x = sendMessage (readBus state) x 

 
 9. Object.Hub 

module Object.Hub where 
 
import qualified Object.Client as C 
 
import Control.Concurrent 
import Control.FiniteState 
import Util.Bus 
 
import qualified Data.Map as M 
 
data HubSources = HubSources 
    { channel :: InPipe (Int, C.Client2Hub) 
    , clients :: M.Map Int (OutPipe C.Hub2Client) 
    , lastID :: Int } deriving Show 
 
data HubState = Running | Stoped deriving Show 
data HubEvent = NewClient Int | DeadClient Int | GotMessage Int 

String deriving Show 
data HubOutput = Send2All String | Send2ID Int String deriving 

Show 
 
instance AutomataState HubState where 
    lastState Stoped = True 
    lastState _ = False 
 
hubRun chan = do 
     runIOAutomata $ IOAutomata 
        getEvents 
        switchFunc 
        doOutputs 
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        (HubSources { channel = chan, clients = M.empty, lastID 
= 0 }, Running) 

 
getEvents s = do 
    (id, msg) <- recvMessage $ channel s 
    case msg of 
        C.Dead -> return $ blot s $ DeadClient id 
        C.Alive i p -> do 
            let nid = (lastID s) + 1 
            sendMessage i $ nid 
            return $ blot (s 
                { clients = M.insert nid p (clients s) 
                , lastID = nid }) $ NewClient nid 
        C.Got str -> return $ blot s $ GotMessage id str 
 
switchFunc Stoped _ = pure Stoped 
switchFunc Running e = case e of 
    NewClient i  -> blot Running $ Send2All $ show e 
    DeadClient i -> blot Running $ Send2All $ show e 
    GotMessage i s -> blot Running $ Send2All $ (show i) ++ ": 

" ++ s 
 
doOutputs s output = case output of 
    Send2All str -> do 
        sequence_ $ map (\x -> sendMessage x $ C.Send str) $ 

M.elems $ clients s 
        return s 
    Send2ID id str -> case M.lookup id $ clients s of 
        Nothing -> return s 
        Just a -> sendMessage a (C.Send str) >> return s 

 
 10. Object.Reader 

module Object.Reader where 
 
import Prelude hiding (catch) 
import System.IO 
import Control.Exception (finally, catch) 
import Control.Concurrent 
import Network.Socket 
 
import Util.Bus 
 
data Client2Reader = Die | SendThat String deriving Show 
data Reader2Client = Dead | GotThat String deriving Show 
 
filterl [] = [] 
filterl ('\n':str) = filterl str 
filterl ('\r':str) = filterl str 
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filterl (o:str) = o:(filterl str) 
 
readerOutRun handle chan = 
    (sequence_ $ repeat $ do 
        line <- hGetLine handle 
        sendMessage chan $ GotThat $ filterl line) 
    `catch` (const $ return ()) 
    `finally` (do 
        hClose handle 
        sendMessage chan $ Dead) 
 
readerInRun handle chan = 
    (sequence_ $ repeat $ do 
        msg <- recvMessage chan 
        case msg of 
            SendThat line -> do 
                hPutStrLn handle (line ++ "\r") 
                hFlush handle 
            Die -> hClose handle) 
    `catch` (const $ return ()) 
 
readerRun sock (Bus i o) = do 
    handle <- socketToHandle sock ReadWriteMode 
    forkIO $ readerOutRun handle o 
    readerInRun handle i 

 
 11. Object.Timer 

module Object.Timer where 
 
import Prelude hiding (catch) 
import System.IO 
import Control.Exception 
import Control.Concurrent 
import Data.Typeable 
 
import Util.Bus 
 
data Client2Timer = Die deriving Show 
data Timer2Client = Dead | Timeout deriving Show 
 
timerOutRun timeout chan = 
    (do 
        threadDelay timeout 
        sendMessage chan $ Timeout) 
    `catch` (const $ return ()) 
    `finally` (sendMessage chan $ Dead) 
 
timerInRun out chan = do 
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    recvMessage chan 
    throwTo out Deadlock 
    return () 
 
timerRun timeout (Bus i o) = do 
    tid <- forkIO $ timerOutRun timeout o 
    timerInRun tid i 

1.2. ,  
 

 
,  

,  
. 

1.2.1.  
,  

.  
. ,  

,   –  
 [2].  

, , . 
, 

,  
.  

, , .  
 

.  
.  

. 
 

: , 
. , 

, . 
, , .  

: ,  
, . , 

 
. ,  

 –  [3].  
. 

 
.  ,   
: 

 ; 
 ; 



27 
 

.  
 II  

 

 ,  
, .  

  [2]  
, ,  

, . 
 

. ,  
, . , 

, 
.  

.  
 , .  

,   
:  

. , .  
 ,  

. ,  – ,  
,  – , . 

, ,  
. 

 . 
,  

.  
, . , 

, 
,  

. ,  
 

. ,  
.  

1.2.2.  
, , , 

, . ,  
 ,  « »  

. . 
, ,  .  

. 
 . ,  

. 

1.2.3.  
.  

.  
,  

.  
.  



28 
 

.  
 II  

 

 
, : 

 ; 
 ;  
 . 

1.2.3.1.  
. .  

.  
 .  

1.2.3.2.  
.  

.  
. 

 ,  
. 

 ,  
. 

 . 

1.2.3.3.  
. . 

. 
 , .  

1.2.3.4.  
. . 

. 
 .  

1.2.3.5.  
. . 

. 
 ,  

).  

1.2.3.6.  
. .  

. 
 .  



29 
 

.  
 II  

 

1.2.3.7.  
. .   

, .  
.  
. 

 .  

1.2.3.8.  
. , .  

. 
 .  

1.2.3.9.  
. , .  

. 
 .  

1.2.3.10.  
. .  

. 
 . 
 . 

1.2.3.11.  
. .  

: 
 ; 
 . 

,  
. , ,  –  

.  
. 

 . 
 . 

1.2.4.  
 
 

 –  
, , . 

.  
,  « »  

 « » 
[4]. ,  

. .  
,  



30 
 

.  
 II  

 

.  
 

: , ,  
, .  

. 
: 

  ; 
  ;  
  , ; 
  ; 
 ; 
  .  

: 
, .  

, , . 
,  

.  
 

1i
e , 

2i
e , ..., 

ki
e .  

: A  –  
, 'A  – .   – 

,  A : 
0j

s , 
0kz , 

1i
e , 

1l
z , 

1j
s , 

1kz , 
2i

e , 
2l

z , 
2j

s , 
2kz , …,  'A  – '

0j
s , '

0kz , 
1i

e , 
'
1l

z , '
1j

s , '
1kz , 

2i
e , '

2l
z , '

2j
s , '

2kz , …, : 

 
tj

s  '
tj

s  – ,  

 
tkz  '

tkz  – ,  
tj

s  '
tj

s  
,  

 
tl

z  '
tl

z  – ,  
ti

e .  

 A  'A ,  0t ,  
tkz  '

tkz  
tl

z  '
tl

z . 
 

. 

1.2.4.1.  
. .  

, ,  
 ( . 4). 
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enter /o1.z1

4.

5.

2.

enter /o1.z1

3.

enter /o1.z1

e2 /o1.z2

e1 /o1.z1

e1 /o1.z1

e1 /o1.z1

e2 /o1.z2

e2 /o1.z2

1.

enter /o1.z1

4.

5.

2.

enter /o1.z1

3.

enter /o1.z1

e1 /o1.z1

e2 /o1.z2

e3

e3

 
. 4.  « » 

 
, , ,  

.  
. ,  

. ,  
.  

.  « »,  
. :  

0. . 
1.  «1».  
2.  «2».  
3.  «3». 
4.  «S». 

 e (« »)  1–4 
 0.  

. 5).  
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 1–4 ,  

 ( . 6).  

 
. 6.  

 
.  1s , 2s , ..., ks  

: 
1.  g,  1s , 2s , ..., ks . 
2.  t,  1s , .  
3. ,  2s , ..., ks ,  t 

, , ). 
4. ,  g, ,  t. 
5. ,  2, 3.  
6. , ,  2–6.  

.  
,  'A  '

1j
s , '

1kz , 
2i

e , '
2l

z , '
2j

s , 
'

2kz , …,  A. . 

1.  «1» 2.  «2» 3.  «3» 4.  «S» 

0.  

1.  «1» 2.  «2» 3.  «3» 4.  «S» 

0.  
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, , . 
. ,  

, , . 
.  g,  1s , 2s , ..., ks ,  

: 
1.  t,  g. 
2. ,  1s , 2s , ..., ks , c  t. 
3.  t. 
4. ,  g,  1–4.  
5.  g. 

. .  

1.2.4.3.  
.  

. ,  
.  

,  
, , ,  

.  
. ,  

.  
.  

. ,  «  
».  « »,  

 1.2.4.1, : 
5.  «1»; 
6.  «2»; 
7.  «3»; 
8.  «S»; 
9. . 

 
. 7: 
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 5–8  

. 8. 

 
. 8.  

.  1s , 2s , ..., ks : 
1. ,  1s , 2s , ..., ks ,  

.  
2. ,  1s , 2s , ..., ks  

, .  
3. ,  2s , ..., ks ,  

1s . 
4.  2s , ..., ks . 
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.  A  'A  
': SSf .  '

1s : )( 1sf '
1s , )( 2sf '

1s , 
..., )( ksf '

1s .  
 A  'A .  

 
0j

s , 
0kz , 

1i
e , 

1l
z , 

1j
s , 

1kz , 
2i

e , 
2l

z , 
2j

s , 
2kz , …  '

0j
s , '

0kz , 
1i

e , '
1l

z , '
1j

s , '
1kz , 

2i
e , '

2l
z , '

2j
s , 

'
2kz , …  

0j
s  '

0j
s : )(

0j
sf '

0j
s  

0kz = '
0kz .  

,  t (t > 0) ,  (t+1)-  
. , : )(

xj
sf '

xj
s , 

xkz = '
xkz , 

xlz = '
xlz  tx ,  

,  )(
1tj

sf '
1tj

s , 
1tkz = '

1tkz , 
1tl

z = '
1tl

z .  
tj

s  
 1s , 2s , ..., ks . : 

1) 
tj

s  :  
a) 

1tj
s  1s , 2s , ..., ks .  

1tj
s = is  i. 

 ''
1 11

)()(
tt jij sssfsf , 

1tkz = '
1tkz  ( .  3 ), 

1tl
z = '

1tl
z  ( .  .  1  

).  
b) 

1tj
s  1s , 2s , ..., ks .  )(

1tj
sf '

1tj
s , 

1tkz = '
1tkz , 

1tl
z = '

1tl
z ,  

.  
2) 

tj
s  :  
a) 

1tj
s  1s , 2s , ..., ks .  

1tj
s = is  

 i.  ''
1 11

)()(
tt jij sssfsf , 

1tkz = '
1tkz  ( . . 3  

), 
1tl

z = '
1tl

z  ( . . 1 ). 
b) 

1tj
s  1s , 2s , ..., ks .  1s , 2s , ..., ks  

,  
 ( . . 2 ),  

1ti
e  A’  

 '
1tj

s = )(
1tj

sf .  '
1tkz =

1tkz  (  
1tj

s  

)  '
1tl

z =
1tl

z  ( . 2 ).  
. 

1.2.4.4.  
.  ( . 9).  
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.   [5]. 
,  

, .  
 

.  
.  

,  
. 

 ,  
 ( , ,  

, ).  
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, . 
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 –  (  – )  
 « »  –  

. 
,  

.  
 ( ). , 

, ,  , 
,  –  

. ,  
.  
:  

, ,  
, . 

.  1s , 2s , ..., ks  1t , 2t , ..., lt  
: 

1. ,  1s , 2s , ..., ks  is ,  
,  1s , 2s , ..., ks .  

 't ,  – 's . 
2. ,  is  

.  
3. ,  1t , 2t , ..., lt  

 1s , 2s , ..., ks  s , .  
4. . 
5.  '

1s , '
2s , ..., '

ks ,  1s , 2s , ..., ks , 
. 

6.  '
1s , '

2s , ..., '
ks  ,  

 1s , 2s , ..., ks . 
7.  '

is . 
8.  1s , 2s , ..., ks ,  ''s .  

 '
1ps , '

2ps , …, '
mps .  

'
1ps , '

2ps , …, '
mps  , .  

, .  
9.  's  s  't  

.  
10.  1s , 2s , ..., ks .  

.  A  A’ 
 ': SSf .  

 A  A’.  
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0j
s , 

0kz , 
1i

e , 
1l

z , 
1j

s , 
1kz , 

2i
e , 

2l
z , 

2j
s , 

2kz , …  '
0j

s , '
0kz , 

1i
e , '

1l
z , '

1j
s , '

1kz , 
2i

e , '
2l

z , '
2j

s , '
2kz , …  

 
0j

s  '
0j

s : )(
0j

sf '
0j

s  
0kz = '

0kz .  
,  t (t > 0) ,  (t+1)-  

. , : )(
xj

sf '
xj

s , 
xkz = '

xkz , 
xlz = '

xlz  tx ,  

,  )(
1tj

sf '
1tj

s , 
1tkz = '

1tkz , 
1tl

z = '
1tl

z .  
: 

1) 
tj

s  1s , 2s , ..., ks :  

a) 
tj

s = 's .  
1tj

s = is  i ( . . 1 )  
1tj

s  
 1s , 2s , ..., ks .  

''
11

)()(
tt jiij sssfsf , 

1tkz = '
1tkz  ( .  5 ), 

1tl
z = '

1tl
z . . 9 ).  

 '
11

)(
tt jj ssf , 

1tkz = '
1tkz , 

1tl
z = '

1tl
z ,  

.  
b) 

tj
s 's .  

1tj
s  1s , 

2s , ..., ks , ,  
tj

s , . , 
'

11
)(

tt jj ssf , 
1tkz = '

1tkz , 
1tl

z = '
1tl

z . 
2) 

tj
s  1s , 2s , ..., ks .  

1tj
s , ,  

1tj
s = s  ( . 

. 3, 6, 8 ): 
a) 

1tj
s  1s , 2s , ..., ks .  

. 5, 6  '
11

)(
tt jj ssf , 

1tkz = '
1tkz , 

1tl
z = '

1tl
z . 

b) 
1tj

s = s . . 8 ,  '
11

)(
tt jj ssf , 

1tkz = '
1tkz , 

1tl
z = '

1tl
z . 

.  
 

. . 1.2.6.  

1.2.4.5.  
.  ( . 10). 

. 
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. 10.  

 
.  

,  « ».  
, ,  

» . , 
,  

. 
.  1A  1s , 2s , ..., ks  ( 1s  – ),  

 t,  's  s  A.  
: 

1.  A  '
1s , '

2s , ..., '
ks ,  1s , 2s , ..., ks  

. 
2.  lt ,  is  js  

 '
is  '

js . 

3.  t  '
1s .  

4. ,  is  
, ,  '

is  
 s . 

5.  A ,  1s , 2s , ..., ks .  
.  

 
': SSf .  A  
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A’.  
0j

s , 
0kz , 

1i
e , 

1l
z , 

1j
s , 

1kz , 
2i

e , 
2l

z , 
2j

s , 
2kz , …  '

0j
s , '

0kz , 
1i

e , '
1l

z , '
1j

s , '
1kz , 

2i
e , '

2l
z , '

2j
s , '

2kz , …  
0j

s  '
0j

s : )(
0j

sf '
0j

s  
0kz = '

0kz .  
,  t (t > 0) ,  (t+1)-  
. , : )(

xj
sf '

xj
s , 

xkz = '
xkz , 

xlz = '
xlz  tx , 

,  )(
1tj

sf '
1tj

s , 
1tkz = '

1tkz , 
1tl

z = '
1tl

z . : 
1) 

tj
s  1A :  

a) 
tj

s = 's .  
1tj

s = 1s  
1tj

s  1A .  
''

11 11
)()(

tt jj sssfsf , 
1tkz = '

1tkz  
1tl

z = '
1tl

z  ( . . 3 ).  

 )(
1tj

sf '
1tj

s , 
1tkz = '

1tkz , 
1tl

z = '
1tl

z ,  
.  

b) 
tj

s 's .  
1tj

s  1A , ,  
tj

s ,  

. , )(
1tj

sf '
1tj

s , 
1tkz = '

1tkz , 
1tl

z = '
1tl

z . 
2) 

tj
s  1A .  

1tj
s  1A ,  ss

tj 1
 ( . . 2, 

4 ): 
a) 

1tj
s  1A ,  1s , 2s , ..., ks .  

 2  )(
1tj

sf '
1tj

s , 
1tkz = '

1tkz , 
1tl

z = '
1tl

z . 

b) ss
tj 1

.  4 ,  )(
1tj

sf '
1tj

s , 
1tkz = '

1tkz , 
1tl

z = '
1tl

z . 
.  

1.2.4.6.  
. .  

. ,  
. ,  

 
.  

, .  
,  

. ,  
, .  

 
.  

,  
.  

,  
: .  

. : 
1. , .  
2. .  

. , 
. 
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1.2.4.7.  
. , ,  

,  ( . 11). 
 

 
. 11.  

 
,  

. .  
.  

: 
1. , , .  

, .  
2. . 

.  t : 
tkz  '

tkz  
tl

z  '
tl

z .  
 t .  

 
tj

s = s.  
0j

s , 
0kz , 

1i
e , 

1l
z , 

1j
s , 

1kz , 

2i
e , 2l

z , 
2j

s , 
2kz , …, 

ti
e , tl

z , 
tj

s , 
tkz , …  

0j
s , 

0kz , 1i
e , 1l

z , 
1j

s , 
1kz , 2i

e , 2l
z , 

2j
s , 

2kz , …, 
ti

e , 

tl
z , 

tkz , 
tj

s , … (z = 
tkz ). ,  

.  t ,  
.  

1.2.4.8.  
. , ,  

, ,  
. 12). 
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.  z  s  
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1. ,  z ,  s.  

, ,  z 
.  

2.  z ,  
 s. 

3.  z ,  s. 
.  t : 

tkz  '
tkz  

tl
z  '

tl
z .  

 t .  
 

tj
s = s.  

0j
s , 

0kz , 
1i

e , 
1l

z , 
1j

s , 
1kz , 

2i
e , 

2l
z , 

2j
s , 

2kz , …, 
ti

e , 
tl

z , 
tj

s , 
tkz , …  

0j
s , 

0kz , 
1i

e , 
1l

z , 
1j

s , 
1kz , 

2i
e , 

2l
z , 

2j
s , 

2kz , …, 
ti

e , 
tj

s , 
tl

z , 
tkz , 

…  (z = 
tl

z ). ,  
.  t ,  

.  

1.2.5.  
. 1.2.4,  

 – . , ,  
 

,  
. 
, , . 1.2.1,  
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 ( )  (  
) .  [1] , , , 

, . 
, .  

, , . ,  
,  (  

) . 
:  

. 1.2.4. , ,  
. ,  

, , .  
 – ,  

, . 
 

.  
 

: 
1. . 
2. , . 

 « » , ,  
 ( ,  

).  
, .  

, , ,  
. . 1.2.3  

,  
.  

.  
, . 

,  
. ,  

.  
 

. , 
,  

, , . 

1.2.6.  
, 

 
 

, .  
 [6, 7].  

. 
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,  
. , .  

 PIN . ,  
. .  PIN , 

. 
 PIN ,  

: 
 ; 
 ; 
 . 

,  
.  

,  
. .  

, . 
. , 

, , .  
 ( . 13). 
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: «  PIN  
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. 15. , ,  

 

 
. ,  

:  3 (« »)  e11 («pin ») 
 o1.z50 (« »)  50 (« »). 

,  e11 ,  
 PIN . ,  

 e11  o1.z50.  –
,  50, . 

,  ( . 16). 
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. 16. , ,  

 

 
 e11 .  

 5 («  pin»),  
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. 17. , ,  

 

 
 5  o2.z5 («  

»).  o2.z5 : e26 (« ») 
 e7 (« »). ,  2,  –

 50.  ( . 18). 
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. 18. ,  

 
. , 

,  
. 

1.3. ,  
 

 
,  

,  
. 

1.3.1.  
 –  

 [8].  –  [8].  
 Model hecking –  

.  
 – ,  

 [8].  
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Model hecking –  
.  « ».  

 – ,  
.  

, ,  
 

.  
,  
.  

 
, . 

 
 Model checking [9]. ,  

,  
. ,  

 [9].  
. 

, 
 [10].  

, , 
. 

 
,  

.  
, . 

. 
,  

 – .  
,  

.  
. 

1.3.2.  
, ,  

. :  
 (LTL)  (CTL).  

 LTL.  
  (Prop)  

,  N (« »)  
 U (« , ») [11].  

 LTL    opPr2: ,  
 Prop ,  

.   LTL  
 i, ) : 

 pi,  )i(popPrp ; 
 )i,i,(i, ; 
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 )i,i,(i, ; 
 i,i, ; 
 1i,Ni, ; 
 k,:jki:k,j,:ijUi, . 

,     (  ),  1, .  
  Prop. ,  LTL-

, .  
  L( ). 

, ,  LTL , 
 LTL ,   [1, n]. 

 [10]. 
 X  B+(X)  

X ,  X,   )  
 .  

  F,,s,S,A 0  [12],  –  

, S – , Ss0  – , F – 
 ,  )S(BS:  – .  

 ,...a,a 10  S-
 r ,  s0 :  

 x  i  s  )a,s( i ,   
x1,x2…xk,  Sk ,   )k)) x(r,...x(r,x(r 21   . 

 ,  
)a,s( i = . 

,   
, .    A 

 L(A). 
.  

 . 
 [13] ,  LTL  
 ,  L(A)=L( ),   

. 
, , 

 LTL ,  
, .  

[10]  
. 

 ( ) ,  
.  

, . ,  
 GF  (  F  =  U  FG ), « »  

. ,  
.  
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 ( ) ,  
,  

. ,  
,  

. , , 
, . 

 
. ,  « » [14].  

 [10] ,  
 « » . 

 
, .  

. 

1.3.3.  
, ,  

 –  Model Checking. ,  
 

 ( ) [9]. 
.  

 [15] .  
, . :  

? 
: 

 , ; 
 , .  

 x1,x2,…,xk  si,j ( ,  
 si,j); 

 .  zi  
 Ai(ej). 

 – .  
.  

. 



54 
 

.  
 II  

 

. 19 ,  
.  A1  (s1 – « ,  

», s2 – « », s3 – « , »).  A2  
 (s1 – « », s2– « »).  A1  e1 

(« »),  s2,  e2 (« »).  
 A1  s3  

A2 c  e3, .  e4 (« »)  A1 
 A2, . ,  

, . 
 

 
. 19.  

 
.  

: 
  LTL .  

,  [16]; 
 ; 
 ; 
  

, ; 
  

. 
, , , ,  

 Model hecking. 
,  

. 
 

.  «  
». 
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: 

 ,  LTL  
; 

 ; 
 . 

, . 
 [9]: 

 ; 
 ; 
 .  

,  
; 

 . 
 

. ,  
: 

 ei,j –   ej; 
 xi –  xi ; 
 zi –  zi; 
 si,j –  si,j. 

, 
 [9]. 

 («  
») ,  

.  e1,1  F s1,3. 
,  

.  
,  [9].  

.  

 n  (  n
iiS 1 )  m , k 

 l  
: tkkS,nS,m,n, z,...,z,x,...,x,x,...,x,s,...,s,e,...,e

n 111111 1
.   

  (  
 ). ,  

.  ej  Ai  
 ei,j.   

,  – ,  xi,  
 – ix .  zi. ,  

 Ai,  si,j,  
, . 

.  
  ei,j,…,sk.  

 1  +  k: ei,j,…,xk.   
.  [9]. 
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 ei,j  ,  
 ei,j.    ,  

 xk  ,  kx ,   
.  

 xi,  
, .  zi   
 zi.  si,k   si,k  

 si,k’, .  
 . 

, ,  
,  (  

): s1,1s2,1[e1,1s2][e1,2[e2,3s2,3]s1,3]. 
,  (ei,j,…,xk),  

, ,  
.  

,  
.  

, ,  
,  

, , .  
 

: ,  
.  

.  
 

, . 

1.3.4.  
 
 

.  C#  Microsoft CLR 
2.0 SP1  Microsoft Windows Vista 64.  

,  
. .  – 

 Gx1  Fz1: ,  
 x1 – ,  z1.  – : Gx1 

 (Fz1  Fz2),  «  
 x1 –   
 z1  z2. 

,  
,  

. 
   

 .  
.  
 Gx1  Fz1  200 000 . 
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.  2
 

,  ( ,  GF ) 
.  Gx1  Fz1  

 100 000 . 
,  ,  

.  

 2 .  

 
,  [10]:  

.  
. 

 
 –   10   106 ,  xi, z1  z2 .  

 
.  

. . 20. 
 

 
. 20.  

 

 
 

. , , ,  
 x1, ,  z1 

.  
, 

.  [10]  
, . 
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1.4. ,  
 

-  
,  

 
. 

1.4.1.  
,  

, , . 
.  

, . ,  
 

. ,  
, . ,  

.  
 

. .  
  : 

  –  [5] (  
, ); 

  –  ( ,  
). 

 (  « »)  
, . , , 

 –  
 [20]. ,  

, ,  
. 

 (  « »)  
, . ,  

, ,  
.  

 (  
), . 

, 
, .  

.  
 [5]  « », 

.  
,  ( )  

,  
 [28], .  
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.  
,  

. ,  
, , . ,  

 « » ( ),  
, . 

 
. ,  

 
, . 

1.4.1.1.  –  
, . 

 ( . 21), ,  
. 

 
. 21. ,  

,  ( ) 
, . ,  

 
, .  

,  
. ,  

,  (A, B, C, X, Y). 
 .   A, 

B  C  («  1»),  X  Y – . , 
 !(A  XY), !(B  XY) . .  

 i  i = 1, 2), :  
Pred[ i] = . 

1.4.1.2.  – ,  – , 
 

,  
, , . 

, : 
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1. . 
2.  

. 
3.  

. 
4. , . 
5. , , : 

 ; 
  

; 
 . 

.  
 1–3. .  («  

»)  – ,  
.  2  

,  3 –  
. - ,  

. 
 4: « ,  

». ,  
, : 

(  U ) 
.  

,  (Inv),   (Post)  
(Pred). 

 
 1.  

1.  
 

Inv [DoorClosed]: 
lamp.isTurnedOff 

2.  
 

 

Post [VoltageOutOfRange] : 
powerAdapter.isTurnedOff 

3.   
 

 

Pred [FreezerTurnedOff] : 
thermoSensor.valuesInRange 

4. ,   
 

lamp.isTurnedOff  U  DoorOpened 

 
, . 

,  «  
». ,  

,  
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.  
. 

,  
,  

. 
.  

, .  
. , , , .  

. 1  
, . ,  

,  – . 
,  

, . ,  
, , . . 

,  
[22]. 

 
. ,  

,  
 [20]. ,  

. 
 

.  
.  –  

.  
.  

 [25]. 

1.4.1.3.  
,  

.  «  A  
 B» , . 

, ,  
.  « » ,  

. ,  (  
) : 

  «  P»  G P. 
  «  P  Q»  

 !( !Q  XP).  
  «  P  Q»   

 P  XQ. 
.  

, ,  
. ,  
. , ,  

, . 
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, ,  
: ,  

.  
,  .  ,   

 [29]. 

1.4.2.  
 

 
. 

1. . 
2. . 
3. .  
4. . 

 
 

, : 
 ; 
 ,  

. 
 [9, 18], . 

 1–4 , , ,  
,  ,   

. 
, , . ,  

,  
. ,  

, . ,  
,  

. ,  
. ,  

, ,  
. , 

, , . 
 

,  UniMod  
 

. ,  
 UML :  ( )  

 [22]. 
 UniMod ,  

 http://is.ifmo.ru/unimod-projects/.  
 UniMod , 

: 
 ; 
 ,  

; 
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. 

1.4.3.  MPS 
 1.4.1  

, ,  
 1.4.1  1.4.2. ,  

: 
  ( ); 
 ,  ( ); 
 unit testing ( ). 

 (  
) ,  
 ( , , .)  

. 
 UniMod,  

. 1.4.1,  [30]. 
 MPS (http://www.jetbrains.com/mps),  

, , . 
,  MPS,  

,  ,   
 ( ).  

,  
 

. , , 
,  MPS, , . 

 MPS   ),  
. , .  

, .  
 ,  .  

, . 
,  

. , , 
 0..1  1.  

, .  
.  «  

».  
,  MPS  

,  
, .  
. :  

, .  
. .  

,  
: , . 

, , , 
. , , 
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. ,  
. 

,  
.  WYSIWYG (What You See 

Is What You Get) – . 
,  

. .  
Control+Space ,  

. ,  
, .  

,  
. ,  «+»,  

. 
,  

, .  
 Java, .  

,  
.  Java. 

1.4.4. , , 
 

 
, 

, : 
, . 

 
, .  

 MPS.  
 MPS  stateMachine [30],  Java ,  

, . 

1.4.5.  
 

: 
 ,  stateSpec; 
  LTL; 
 ; 
  

stateMachine; 
  NuSMV; 
 , ; 
 ,  

; 
 ; 
 ; 
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 ,  
,  

. 

1.4.5.1.  
 MPS   (concepts).  

: , ,  ( . 22). 
 

 
. 22.  stateSpec  MPS 

 
 ( , 

). ,  
.  ( , 

),  
.  

. 
 

. ,  BaseTemporalExpression  State-
Contract , .  

1.4.5.2.  LTL 
 LTL.  ,   

 (X, G, F)  (U, R): 
 

 Next (X) – ,  …; 
 Global (G) – ,  …; 
 Future (F) – ,  …  
 Until (U) – , ; 
 Release (R) – , . 

 
 LTL,  

 concept BaseTemporalExpression.  
 Expression, .  
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:  
 ( . 23). 

 

 
. 23.  

 

 
 – ,  

 ( . 24, . 25). 
 

 
. 24. ,  
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. 25. ,  

 
 

.  ( . 26). 
 

 
. 26.  

 

 
:  –  – .  
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 UnaryTemporalExpression  
 LTL ( . 27). 

 
. 27.  

 

 
, : 

 And (&&) – ; 
 Or (||) – ;  
 Not (!) – ; 
 Implication( ) – . 

 
 

:  
 Boolean. 

1.4.6.  
.  27,   temporalLogicLanguage  StateReference  

Specification. ,  
 StateMachine [31]. 

,  
. . 28  

. 1.4.1:  Java- .   
 specification  « ,  

». 
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. 28.  

 ( ),  ( )  

 
,  

 (  MPS)   SMV,  
 NuSMV (http://nusmv.irst.itc.it/). 

1.4.7.  
 stateSpec 

. 1.4.1. , 
. 

, ,  
 LTL, ,  

 NuSMV. ,  
, . 

,  NuSMV  
. , ,  
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. ,  
 MPS ,  NuSMV, .  

. 

1.4.8.  SMV 
 SMV .  

,  
. : 

 
MODULE main 
VAR 
 request : boolean; 
 state : ready, busy; 
ASSIGN 
 init(state) := ready; 
 next(state) := case 
 state = ready & request = 1 : busy; 
 1 : ready, busy; 
esac; 

 
: ready ( )  busy.  re-

quest  true,  state = ready,  
busy. , . 

,  stateMachine,  
SMV ,  

.  
,  

, . ,  
. 

1.4.9.  
 1.4.3-1.4.8  LTL  
 ( )  SMV.  

 
,  MPS, ,  

,  NuSMV  
 ( ) . 

 MPS   ( ,  
). , 

.  
 NuSMV (  

 NuSMVProcess, . 29).  
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. 29.  NuSMV 

 
,  ( , ALT+V) 

. 
, ,  MPS  

Java )  .  ,   
,  

. 
,  

, . 1.4.1.2.  
, , ,  

 ( . 30).  
 

 
 

. 30. ,  ReadyToUse 

 
:  

,  ( . 31). 
 

 
. 31.  
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,  

 ( . 32). 
 

 
. 32.  

 ( . 33) 

 
. 33.  

,  
. 

1.4.10.  
 1.4.5  

 YouTrack,  « » 
 JetBrains).   YouTrack  

.  
, , .  

. 
 

,  ( . 34). 
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1.4.10.1.  
 
YouTrack :  

 , ;  
 , ;  
 ,  

.  
. ,  

 
.  

 YouTrack.  
. 

1.4.10.2.  YouTrack 
 YouTrack ,  

 JetBrains MPS, . 1.4.3.  
stateMachine,  MPS:  

 baseLanguage – ,  Java,  
; 

 dnq – , ;  
 webr – ;  

,  Java,  ,   
 JavaScript.  

,  stateSpec  
JavaScript. . 

1.4.10.3.  
,  1.4.5,  

.  

 
. 34.  YouTrack 
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,  Java ,  
. , , 

 ( , ). . 1.4.4 
,  

JavaScript- .  stateSpec  
 stateMachine.  MPS  jet-

brains.mps.webr.javascript.stateMachine,   CTRL+L,   
. 

. 35  JavaScript  
.  

,  
. 1.4.6. ,  StateContract  Specification,   

Java ,  JavaScript .  
 – YouTrack  JUnit  

Selenium. 

  
  

. 35.  JavaScript 

 ( ),  ( )  

, ,  
 YouTrack, ,  

.  

1.4.10.4.  IssueList.js 
 –  YouTrack. 
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.  .   
. 36. 

 
 ( ) ,  

 ( )  
.  IssueList.js.  

,  stateMachine, : 
 

state program for IssueList.js  
 state machine for charisma.smartui.IssueList {  
  initial state {NOT_SHIFTED} {  
   exit do {this.ch = 

!(this.getSelected().checkbox.checked);}  
   on shiftDown() do {<< statements >>} transit to SHIFTED  
  }  
 
 state {SHIFTED} {  
  initial state {INITIAL} {  
   on kdown() do {<< statements >>}  
    transit to MOVE_DOWN  
   on kup() do {<< statements >>}  
    transit to MOVE_UP  
   on shiftUp() do {<< statements >>}  
   transit to NOT_SHIFTED  
  } 
 
 state {MOVE_DOWN} {  
  enter do {this.getSelected().setChecked(this.ch);}  
  on kdown() do {this.getSelected().setChecked(this.ch);}  

 
. 36.  
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  on kup() do {this.ch = !this.ch;}  
   transit to MOVE_UP  
  on shiftUp() do {<< statements >>}  
   transit to NOT_SHIFTED  
 }  
 
 state {MOVE_UP} {  
  enter do {this.getSelected().setChecked(this.ch);}  
  on kup() do {this.getSelected().setChecked(this.ch);}  
  on kdown() do {this.ch = !this.ch;}  
   transit to MOVE_DOWN  
  on shiftUp() do {<< statements >>}  
   transit to NOT_SHIFTED  
  }  
 }  
} 

 
: 

 kdown  « ») 
 kup  « ») 
 shiftDown  «Shift») 
 shiftUp  «Shift»). 

 
 ch, , 

.  
 

 ch («this.ch = 
!this.ch»),   

(«this.getSelected().setChecked(this.ch)»),  ch 
(«this.ch = !(this.getSelected().checkbox.checked)»). 

 
: NOT_SHIFTED («  Shift »)  

SHIFTED («  Shift »). : 
INITIAL (« »), MOVE_UP (« »)  MOVE_DOWN («  

»). 
 

 IssueList.js  
: 

  MOVE_UP  « »; 
  MOVE_DOWN  « »; 
  

 ch. 
 

   
 MOVE_UP  MOVE_DOWN  kup  kdown  ( . 37). 
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. 37.  

MOVE_UP ( ), MOVE_DOWN ( )  

 
 ( . 38): 

 

 
. 38. ,  

 
 IssueList.js . 

1.4.11.  
 

. , 
. 39. 

 

 
. 39. ,  

 
 OFF ( ).  

,  
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, . 39 (  
). 

 stateMachine  
 stateSpec.  

, . 

1.4.11.1.  
, : 

1. ,  (HEATING)  
(OPERATING)  
(ERROR); 

2.  (OFF)  ,  
; 

3.  
; 

4.  (OPERATING)  
 (HEATING) ; 

5. . 

1.4.11.2.  
, . 1.4.1.2,  4  5  

.  require-
 OPERATING. ,  

 ( . 40). 
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. 40.  

 
 1–3 .  

.  
. 41. 
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. 41. ,  

1.4.11.3.  
:  

 MPS   «Check  the  contracts».   
 ( . . 1.4.9) . ,  

: 
  «  P»  G P.  
  «  P  Q»  

 !( !Q  XP).  
  «  P  Q»   

 P  XQ 
 NuSMV,  

 ( . 42). 

 
. 42.  

, ,  4 .  
OPERATING,  OFF,  

 this.turnHeaterOn U makeCoffee().  
. 42.  
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1.4.11.4.  
,  

 ( . 41),  «Check specification»  
 MPS. ,  1.4.5,  

 NuSMV  ( . 43). 

 
. 43.  

,  1  2 .  3 («  
») 

. :  
 (OFF), ,  selfCheckOk, . 

. ,  
  

waterTankEmpty U heaterReady . 
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2.  
 

 
,  

.  
,  

. 
 

. .  « » . 
,  
. , ,  
,  

. 
,  

,  
.  

 MPS.  
, , , . 

 
,  

,  
. , 

,  
. 

, -
. 

 
 YouTrack, . 

 
. 
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