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KoHeuHble ABTOMaTbl uau MawmuHbl CoctoaHum

FSM = Finite State Machine

KoHeuHble ABTOMaTbl - YCTOfBlLIEeCA Ha3BaHMe
NOTUYECKUX MaAWMH, ONepupywoumnx odbbeKTaMu
C KOHEeYHbIM 4YMNC/IOM COCTOAHUU — Finite

State Machine (FSM), wMexay KOTOPbIMU
BO3MOXHbl nmepexogbl, MMEeHYEeMble AEeUCTBUSMMU.

Cnegyet pas3nuyaTb FSM kak:

* KoHuenuuw ( cnoco6 MbICAUTb )
* OnucaHue ( Kak 3anuchiBaTb/XpaHUTb )
* [l[peacTraBneHne ( Bua Ha Oymare/skpaHe )
* Peanusauuio ( N0: asbiku,buMbAMOTEKMU,... )
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FSM kak ¢pusnyeckan KOHLENnUUs

Uukn KapHo Ha pauarpamme P-V.

Ha npuMepe TepMOAMHAMUKU U CTATUCTUYECKON PUIUKMU
Mbl 3HaeM, 4YTO (GU3NYECKYH CUCTEMY MOXHO OnucaTb B
TepMMHaX TpaeKkTopuum B (pa3soBOM NMpoOCTpaHCTBE.

<== Hanpumep, uukn KapHo gBuraTens BHYTPEHHErO CropaHuvs.

Beoaos o6nactn ¢as3oBOro npoCTpaHCTBA, Mbl Cpasy
nepexoamm K noHaTuo KoHeyHoro AsTomaTa — FSM.

Jlornka pabotbl FSM B 3TOM cnyyae - 3TO NPOCTO
3aKOHbl TOornonormm B (pa30BOM MPOCTPAHCTBE.
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FSM — 5T0 noruueckaa m™Mopenb peasnbHOCTU. Kak u
BCSAIKasa wMHas Moaenb, OHa MOXeT ObiTb aAeKBaTHOM
nnu HeaAeKBaTHOM. dGopmynmpoBaHume afJeKBaTHOWM

mooenn FSM — cnoxHasa MeTogmyeckasa 3ajada.

Bonpoc apekBaTHocTM M™Momenn FSM cnepgyeT 4eTko
OTOEeNATb OT BOMPOCOB €& OfNMCaHMA U NPakKTUYEeCKOW
peannsaunn (unHTepdenca, a3blk onmcaHusa, MO).
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MpocToit npumep FSM: HarpeBarenb

A neperpes UmeeTca HarpeBaTrenb (HEATER), koTopbii ponxeH crabunusupoBarb T
okono Te, a Takke AOMKEH OTKAWYATbCHA MPU Neperpese Bbille HOPMbI.
T Temneparypa T — HenpepbiBHAs BenuM4YMHa, HO Mbl MOXeM nonpo6oBaTb
To cMoaenupoBaTb NoBeaeHue cucrTembl no noruke KoHeyHoro AsTomarTa
Harpes FSM — BBepss KOHe4YHOE 4YMC/IO COCTOSIHUM C Momouwbi Auanas3oHoB T.

Koo onucaHua Ha a3bike SML MoxeT BbiIrNsiAeTb TakK:
object: HEATER

> OTK/TIO4YEH

T parameters: float TO, float dTI=5.0
state: OFF /initial lcolor: silver
action: SWITCH_HEAT(float TQ) !visible: 1
MEPETPEE state: HEATING lcolor: yellow

when (T>T0-dT) do

I
| HaipeH_ |
| neperpes I move_to_state NORMAL
| o @ i
|13 2 action: END_HEAT !visible: 0
I 3 g move_to_state NORMAL
3aBepunTb | ('E §‘ action: BREAK_HEAT lvisible: 1
Harpes | S move_to_state OFF
- | @1 state: NORMAL Icolor: green
Harpes I when (T>T0+dT) do
I move_to_state OVERHEAT
BKJIOYUTDb l action: END_WORK lvisible: 1
_Harpes [ move_to_state OFF
. I state: OVERHEAT lcolor: red
OTK/IOUEH [ ———— action: ABORT lvisible: 0
alarm

move_to_state OFF 4l
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O6bwaa cxema B3aMMoa4eUCTBUA KO

AnoHeHTOB FSM
A3bik SML — eguHbIYM cnoco6 onucaHua FSM

TpaHcnaTop
smiTrans.exe

®aun .SML

h 4

EAVHBIA UCTOYUYHUK
kopa FSM

>

SmlToPnl

1

06beKTHbIN
dann *.sobj

SCADA ®ann naHenu
MpuknagHon Kop, —> SMI Proxy <«—Pp (CRW-DAQ) *.pnl
MPOKCH API 1 1
1 FSM Manager — MHemMocxeMa
KnueHT Mpokcu KnueHr GUI «—»  FSM API ¥.cre

smirtl.pas

smiuirtl.pas

!

}

'

'

CepBep FSM SMI runtime SMI UI runtime
smiSM. exe smirtl.dll smiuirtl.dll
Cerb DIM

[ob, |[state]

| Objz || state; |

[ obj: || state: |

[ obj. || state. |

OkHO
GUI
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UHTepdeincol nonb3oBartens Ha 6ase FSM

O6wmit npuHumn nocrpoeHusa GUI

Toolbar (kHonku obLwero ynpasneHus)

Cucrema Cratyc Mpasa [ata/Bpems
Jlorotun [lonoNHUTENbHbIE 3NEMEHTHI
HasaHue Aoctyna NmMa cepsepa

CUCTEMBI

MNogcuctema Craryc

HasBaHue 1 OcHoBHbIe
napameTpsl

Ha3zsaHue 2 || CocTtogHue 2 Napam
Ha3BaHue 3 Napam2

Mapam3 MHeMocxema
Hassarivie 4 (MHOMBUAYANBHO),

Mapam4
HasgsaHue 5 O6nactb (oYepHMX) OKOH

NoACUCTEM

Ha3BaHue 6

StatusBar (noacka3ku U MHGOPMaLMOHHbIE COOOLLLEHMS)
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OcHOBHbIe 3n1eMeHTbl (MU cyl

Tepmunonorus FSM AF

CyuwHocTb

MeHepxep

lomeH

Knacc

O6bekT

CocTofiHMe

NencrTBuUe

Ha6op
o0bbeKToB

OyHKUMSA

MapameTp

Entity

Manager

Domain
Class

Object
State

Action

ObjectSet

Function
Parameter

wbon snemeHT FSM

KopHeBon s3neMeHT FSM, rnaBHbIM KOHTEeWHep A1
BCEX D3JIEMEHTOB

«Cpepna obutaHuna» (moacucTeMa, YCTaHOBKA, ..)
KOHTeWHep ANSA NOTMYeCKMX O06beKTOB

[lpoTOTMN 0ObEKTA, MCMONb3YEMbIN ANA ONUCaHWUA
CBOMCTB OOHOTUMHbLIX ODbEKTOB

Jlornyeckas mogenb peanbHoro obbekTa, OCHOBHAaS
eanHunua FSM

[lonMeHOBaHHOE COCTOSIHME 0ObeKTa

Nepexon M3 OAHOTO COCTOSIHMA B Apyrue

['pynna o6beKTOB ANSS COBMECTHbIX AENCTBUMA C HUMMU

Habop uHCTpyKuMi

CkansapHbole paHHble: int, float, string
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FSM API: uepapxus ane

JNEeMEHTbl entity 0O6pa3ywT AEPEBO, €ro KOPHeM root aBnaercs MeHepkep FSM manager,

couepmammﬁ NOMEHbl domain, BKNKWYawWMe O0OBEKTDI object, cCoOAepXallue COCTOAHUA state,
BKJYaWWME OENCTBUA action. [JOMEHbl TaKXe cooepxatT Ha60'pbl OObEKTOB objectset.

[epeBo HacnepoBaHUA KNaccoB KoHcTaHTb onucaHus [epeBo NOpoOXAEeHUS 31EMEHTOB
TFsmEntity NioGoi 3nemenHT FSM TUMNoB 3/ieMeHTOB FSM (kopHeso# root anemen - Manager)
MpusHak oTcyTcTBUA: Manager
—| TFsmParameter Jw6on napameTp f£sm_type nil = 0
Parameter(s)
—| TFsmParamInt MapameTp int NapameTpei: X
. . fsm_type_int Domain(s)
— TFsmParamFloat aaEkisg e fsm_type_float L Parameter(s)
— TFsmParamString | MapameTp string fsm_type_string -
, o e —| Class(es), Object(s)
— TFsmParent Jio6oit «poanTens» fsm_type_manager I: Parameter(s)
—  TFsmManager MeHeaxep FSM ESIREVEES o State(s)
fsm_type_class
—| TFsmDomain AomeH FSM fsm_type_object Parameter(s)
—I TFsmClass | Knacc (nmpoToTun) fsm_type_state Action(s)
L_ TFsmObiect - - fsm_type_action
smibjec PEKT fsm_type_objectset Parameter(s)
—I TFsmState | CocTosHue obbekTa fsm_type_function — ObjectSet(s)
— TFsmAction lencraue GEEEELENTTS BRI Parameter(s) |
fsm_type_parameter
| TFsmObjectSet Habop 06bekToB fsm_type_parent — Function(s)
| TFsmFunction Habop WMHCTPYKLUMiL fsm_type_entity l— Parameter(s)
fsm_type _any

I
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FSM APl — ocHOBHO

(BCTpOEHHDbIN B Daqas

fsm:=fsm_new

fsm_free(fsm)
fsm_ref(ref)
fsm_type(ref)
fsm_root(ref)
fsm_parent(ref)
fsm_name(ref)
fsm_path(ref)
fsm_ctrl(ref,arg)
fsm_count(ref,typ)
fsm_items(ref,typ,i)
fsm_get_iparam(ref)
fsm_set_iparam(ref,data)

fsm_get_fparam(ref)
fsm_set_fparam(ref,data)

fsm_get_sparam(ref)
fsm_set_sparam(ref,data)

fsm_add(ref, type,name)
fsm_find(ref, type,name)

fsm_get_state(ref)
fsm_set_state(ref,state)

Cozpatb MeHepxep FSM, kopHeBoi (root) sn1eMeHT — KOHTeNHep Ans
OCTasbHbIX

Ypannte Menenxep FSM, co3zpaHHbiM

[fpoBepUTb/BEPHYTb CCbIIKY

BosspawaeT Twnn snemeHTa co ccoinkon ref, Hanpumep, fsm_type_object
BosBpawaeT no ccoinke ref kopHeBon s3nemeHT — MeHeoxep FSM
Bo3BpawaeT poANTENbCKUIN SNEMEHT, KOTOPOMY MNPUHALNEXUT 3n1eMeHT ref
BosBpawaeTr vMs snemeHTa ref

BosBpawaeTr nyTb s3nemeHTa ref

Untaet/3apnaeT BHyTpeHHMe nonsa fsm_ctrl(ref, 'name=value')

CyeTuuk poyepHux 3nemMeHTOB 3neMeHTa ref c Tunom type

Ccbinka pgoyepHero sneMeHTa ¢ Tunom type u mHaekcom i=0..fsm_count-1
YreHne (get) m 3anucb (set) napameTrpa uenoro twmna fsm_type_int
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FSM APl — npumepbl CNOAB30BaHUS

fsm:=fsm_new; // Cospaer FsmManager
dom:=fsm_add(£fsm,fsm_type_domain, 'DEMO'); // CospaeT sneMeHT Tuna AOMeH
par:=fsm_add(dom,fsm_type_int, 'RUN_NUMBER'); // Cospaer napamerp B pomeHe (dom)
obj:=fsm_add(dom,fsm_type _object,'LOGGER'); // Cospaer obbekT B aomeHe (dom)
sta:=fsm_add(obj,fsm_type_int, 'RUN_NUMBER'); // Cospaer cocrosHue B obbekTe (obj)
res:=fsm_set_iparam(par,12345); // 3apaer 3HayeHue napamerpa (par)

if fsm_get_iparam(par)=12345 then {0K}; // YvTaer 3HayeHue napamerpa (par)
typ:=fsm_type(par); // VYsHaTb Tun snemeHTa (par) => fsm_type_int
man:=fsm_root(par); ref:=fsm_parent(par); // Y3HaTb ccbinky MeHemkepa man u «poauTens» ref
for i:=

res:=fsm_free(fsm); // Yoanset MeHemxep (fsm) v BCe €ro 3/j€MEHTbI

10
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HaseaHue cnanpa

LUukn paspaborku FSM B CRW-DAQ: Tunb! "0:5

YHuBepcansHoe
Onucanne FSM

bubnuoTeka
smiuirtl.dll

TpaHcnaTop
smiTrans.exe
@ Bubnnoreka
bubnnoTeka

W SmiSrv
SmiProxy
061 eKTHbIN + Cepeep FSM MpuxknagHo#
®ain *.S0BJ smiSM.exe koa GUI
CRW-DAQ

Peanusauua FSM
Nlornyeckmin obwexwt SMI

MpuknagHoe

T'eHepaTop
smiGen. exe
Bubnuoreka
smirtl.dll
MpuknagHon
kop DagPascal
CRW-DAQ

Peanuzauma FSM
Mpokcwn obvekt SMI

smiProxy.exe

«Ckenet»

‘\xopa Ha C/C++ —>

uHTepdeic noneL30BaTENnA

CBAZL © ANNAPaTyYpo#
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Ha3ssaHue cnaupa

12
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Ha3ssaHue cnaupa
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Ha3ssaHue cnaupa

14


mailto:alexei.kuryakin@cern.ch

Ha3ssaHue cnaupa
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A3bik SML — eauHbIY cnoco6 onucaHua FSM

State Machine Language

SML dann

r EavHbit kopn FSM SmLToPnl
TpaHcnaTop
SmiTrans.exe l
l SmlToPnl FsmManager ®aitn naHenu
06beKTHbIi l FSt API *-pnt
.. .
®aitn *.sob] ®ann naHenu l l
l * pnl darin naHenu MHemocxema
Cepsep FSM l *.pnt % crc
SmiSM.exe |
Ghjuhfvvf
GUI

!

CeTrb DIM

16
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HasHaueHue. MpoucxoxaeHune. JoCTynHOCTb.

DIM - ceTeBas nporpaMMHasl TeXxHONOrus
ONS CO34aHUS pacnpefesieHHbIX CUCTEM
yNpaB/eHUS B HeO4HOPOAHbIX
(CMelWaHHbIX) cpedax, paboTalWMx Ha
PAa3HbIX annapaTHbIX W MPOrpamMMHbIX
nnatpopmax. OHa npenocTasnser
NepeHoCUMbIN,  MNPO3pPayHbIK AN CEeTU
MeXaHMW3M B3aMMOOENCTBUS Mexay
npoueccamm, paboTarowmmm KaK
NOKANbHO, TaK M HA pa3sHbIX MalMHaX
ceTu.

DIM

Distributed Information M anagement System

DIM pa3pabotaH B CERN. [loCcTyneH B MCXOOHbIX KOAAX NOA
cBobogHon nuueHsunen LGPL Ha cante

[IpnmeHsaeTca ¢ 199x B page kpynHbix 3kcnepuMeHTos LHC.

~/_~ MHoronnatopMeHHOCTb:

Unix, Linux, Windows, ...

MHoros3biyHoCcTh:  C/C++, Java, Pascal, ...

17
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