example, rather than scheduling a resource in
Outlook (conference room, huddle space, etc.), using
a remote or local control to turn the AV on in the
scheduled space, and then having to find a help desk
or support number to call if something doesn’t work,
FUSION can integrate all of these things in to a
single, automated function. All of the information
associated with this usage will be aggregated and
made available for future reporting.

The example above is just one of literally
thousands of ways FUSION can be used to streamline
technology usage. However, streamlining usage does
nothing to reassure the owner or end-user in the event
of technology failure or (literal) asset loss. Because
of FUSION’s data collection and reporting functions,
you are not left in the dark about the health or status
of your AV equipment. FUSION can be setup to
provide email alerts when and how often you want
them: If a projector lamp reaches X hours, if a
projector or display is unplugged, if a room is used
during a specific time period, etc. (the list can go on).
FUSION is only limited by what you want to know.
System control, helpdesk integration, data collection,
and reporting — are all part of FUSION. Additionally,
FUSION will integrate with a host of scheduling /
calendar software including Microsoft Exchange,
Office 365, Google Calendar, CollegeNet R25 to
25Live, and many others. Fusion also allows you to
“connect your BI software of choice... to generate
powerful analytics and data visualizations. In
addition, FUSION coupled with Pin-Point provides
greater data about room and equipment use which
aides in forecasting technology
refurbishment/expansion and can also aid in
forecasting /  scheduling physical building
maintenance.

Every asset is precious — whether tangible or
intangible. Crestron FUSION allows you to
maximize your tangible technology assets in a way
that provides greater confidence and piece of mind.
Additionally, FUSION provides what may be the
greatest asset of all — information. Although no
solution is perfect, FUSION’s control, scheduling,
reporting, and monitoring functions will keep you
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from that helpless feeling of watching your
technology assets become lost.

VI. CONCLUSION

Bottlenecks while commuting to work are bad
enough.

Bottlenecks while at work pile on even more
frustration and wasted time. In fact, statistically, there
is an average 10-minute delay between the scheduled
start time of the meetings and the actual start time. In
a large organization, multiply that wasted time by the
hundreds or even thousands of meetings held in a
typical day. Add in all the unused, underused, and
misused meeting rooms and you can see why lost
productivity and wasted resources cost organizations
millions of dollars every year.

Enabling employees to be as productive as possible
is a constant struggle, but the solution is actually
simple: remove all obstacles and friction in their way.
Modern Room Scheduling System delivers a solution
that does exactly that.
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HeuiTka Mozenb y 3aco0ax NPUUHATTS PIIICHb
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Anomauin: HaBeeHO OCHOBHI IOJIOYKEHHS HEYITKOIO
MOIaHHS MO TPHUHHATTS PIlIeHb IHTEIEKTYalbHOTrO
pobora. HaBeneno  pesymbratm  mcciemoBaHHs
3aBUCHUMOCTH MaKCHMAaJIbHOI'O neperpesa
PaIMO3IEKTPOHHOrO armapara OT ero pa3Mepos.

Kniowuosi cnosa: neditkicts, iHTENEKTyalbHHI poOoT,
CTparteris NPUHAHATTS pillleHb, CHCTEMa IUIaHYBaHHI.

1. BcTtyn

Knacnunmii  migxin g0  po3poOku  IUIaHIB
(YHKI[IOHYBaHHS 1HTEJIEKTYaJIbHOIO TEXHOJIOTTYHOTO
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o0J1aIHaHHS TUTAHYBaHHS cTpaterii
aBTOMaTu3oBaHMX  cucteM  kepyBaHHs  (ACK)
pO3IIIsiIa€ BU3HAYEHICTh YCiX MO Ha OiHapHOMY
piBHI: noxist abo BigOyBaeThes, ado Hi. HeoOxinHicTh
BpaxyBaHHS PU3MUKIB, TIOB'SI3aHNX 3 BUKOHAHHSM Jid
Ta CTAaHOM POOOTa, 00YMOBIIFOE BUKOPUCTAHHS 1HIITHX
MiAXO/AIB 10 MOJENIOBaHHA TPOLECY IUIaHyBaHHs
cTpareriii, 30KpemMa Ha OCHOBI Teopii HMOBIpHOCTEH
Ta Teopii HEYITKMX MHOXHH. BuKkopucraHHs
HEYITKMX MHOXHH JUIsl IUIaHYBaHHS CTpaTerii, y
CBOiHi OUIBIIOCTI, TMOJSIra€ y HEUITKIA OIIHI
((asudikarrii) KIaCHIYHUX TCOPIH MPUUHATTS PIllICHb
[1]. BiamoBimHO m0 OAHUX KpUTEpIiB, 3aBOaHHS
IUIAaHYBaHHS ~ CTpaTerii  KiIacuikyloTbcs  3a
HAsABHICTIO OJHOrO a00 IEKITbKOX CYyO'€KTIiB, IO
3a0e3MeuyIoTh TIaHyBaHHs cTparterii. Taki 3aBaaHHs
HaJleKaTh JI0 OJHOOCIOHOro abo OaraToociOHOro
(KOJIGKTHBHOTO) IIaHYBaHHS CTpaTterii. BimmosimHo
IHIIUX ~ KPUTEpIiiB, BHUPI3HSIOTH 3aBJaHHS, IO
oTpeOyIoTh pocToi onTUMi3arlii byHKIi
KOPHCHOCTI, ONTUMI3allii 32 IEBHUX YMOB OOMEKEHb,
3a YMOB JIEKUIBKOX Ifiyield. binpm Toro, mimaHyBaHHS
cTparerii MoXe TPOBOJUTUCS 32 OJWUH KPOK abo
TIPOBOJIMTHUCS ITEPATUBHO — Y TIOCHIJOBHOCTI KPOKIB
(cramiit).

II. ®OPMYBAHHS HEUITKOI MOJIEJII
[IPUMHSTTS PIIIEHD

3aBlaHHSl IUIAHYBaHHS CTpaTerii 3 TOYKU 30py
HEYiTKOT O JMUHAMIYHOT O NporpamMyBaHHs
PO3IIISIAETHCS K 3aBJIaHHS HEYITKOTO CKIHYEHOTO
apromara [1, 2]. Ilpore, oOMEKeHHSIM Teopii €
npobiiemMa  onmcy — TmepexigHoi  (QyYHKIHI, 1o
XapaKTepU3yeThCsl aHAIOTOM 3 Teopii KIaCHYHHUX
aBTOMATiB. [HIIUM OOMEKEHHSIM € BIJICYTHICTh
BUXIJJHAX 3HAY€Hb, TOOTO HACTYIHHMH BHYTpILIHIN
CTaH BUKOPUCTOBYETHCS SK BHXIJHE 3HAYCHHA 1,
BIJIMIOBITHO, HEOOXITHO PO3PI3HATH JBa CTAHH.

3a3HayeHi OOMEXEHHS BU3HAYAIOTh IOCTAHOBKY

3aBJaHH]: aBTOMAaT A, IO BHKOPHCTOBYETHCS Y
HEYITKOMY JUHAMIYHOMY nporpaMyBaHHi,
BH3HAYAETHCS TPIHKOIO:

A=(X,Z,f). 0

ne X 1 Z — MHOXUHHU BXIJHHX Ta BHUXIJHHX CTaHIB,
BiMOBIAHO, TAKOX:

fiZxX—>Z 2

€ (yHKIIEIO Mepexoay, 3Ha4eHHsI SKOi MOoJisirae y
BU3HAYEHHI Ui KOXXHOT'O JIUCKPETHOIO MOMEHTY

te N

qacy HACTYITHOTO BHYTPIilIHOrO CTaHy z' '
aBTOMAara y TepMiHaX MOTOYHOTrO BHYTPIIIHBOTO Z' i
HOTOYHOTO BXiTHOTO X' CTaHiB, TOOTO:

Zt+l :f(Zt,xt). (3)

Taxuit THOD  aBTOMATa
KJIACHYHOMY JHHAMIYHOMY MPOTrpaMyBaHHI.

BUKOPHUCTAETHCA y

Jost
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BUIAJKy HEYITKOr0 JIMHAMIYHOTO MpOrpamMyBaHHS
JaHi MaroTh Oyt (a33iikoBaHi i3 BUKOPUCTAHHIM
MPUHIMITY PO3IIUPEHHS. Y CXeMi HEYiTKoi Bepcii
aBTomMatu A’ i C' BiANOBIIAIOTH HEYITKOMY BXiTHOMY
CTaHy i HEYITKOMY BHYTPIIIHBOMY CTaHY Y MOMEHT £,
C"! — neuiTkuit BHYTpimHii cTanH y MoMenT +1. A' €
HeuiTkii MHoxuHi Ha X, C'i "' — HewiTki MHOXHHH
Ha Z.

BukopucToBylouM HEUITKMHA aBTOMAaT, MOXXHa
3a0e3MeYUTH  ONHC  HEYITKOrO0  JUHAMIYHOTO
nporpamyBaHHs. [lig dac po3risgy  KOHIEMIl
HEeoOXi/THa IIiJIb BUPAXKAETHCS y TEPMiHAX HEUITKOI
MHOkHHH C" (HewiTkmit BHyTpimmiii cram A y
MoMeHT 4acy N), ne N — 4ac 3aBepIIeHHs NpOLECY
IUIaHYBaHHS cTparteriii. 3HaueHHs] N TakoX MOo3Hayae
KUJIBKICTh €TamiB IpOLECY IUIAaHyBaHHS CTpaTeriid.
[lepenbavaeThcs, 110  BXigHE  3HA4YeHHI A
BUPaXAETbCSI Y KOXKEH MOMEHT 4acy ! HEYITKUM
craHoM A', Takok 3aJaHUM € TOYATKOBUH UiTKHMiA
cran z'.

Posrsiaroun Hewitki Bximmi cranu 4% A7, ..., AN
AK OOMEKEHHs i HewiTKuii BHYTpimmHil cran C" sk
HEYiTKY IIiJIb IUTAHYBaHHS CTPATETiH, Terep MOXKIHBO
3all0YaTKyBaTH HEYITKE pIIIEHHS SK  HEYITKY
MHOXHHY X", sIka BH3HAUAEThCS TAK:

~

D=A"nA"n..n4"" m(N?N, @)

~t ~t
ze A LIWIHIPUYHE PO3LIMPEHHS A 3XB XY

N
misg Koxuoro (=0, 1,..., N-1 i c _ HEYiTKa
MHOXHHA Ha X", 1110 3a6e3meuye C" Ha Z. ToGTo, ams
koxuoi ocrigosroeti  x’, x', ..., ¥/, posrusinyBanoi
SIK TIOCJI/IOBHICTh pillleHb, CTYMiHb MPUHAJIEKHOCTI
110 D BU3HAYAETHCSI BUPA30M:

D(x’, x', ..., x™") =min[4°(x"), 6)
A (x,.., AV TN, N (2N,
IS ZN yHiKaJ'II)HO BU3HAYaA€ThHCIA Ha OCHOBi

. i N-1 -
indopmaii mpo x’, x',..., xN' i 2’. Taxe BusHaueHus
nependavyae HasBHICTh CTaHJAPTHOTO —OIepaTopa
nepeTuHy. I[lnaHyBaHHS CTpaTerii MOJsAraTUME Yy

~0 ~I1 ~N-1
: : X ,X ..,
3HAXO/»KEHH1 ITOCJI1J0BHOCTI1
II0YaTKOBHUX CTaHiB, TakKux, 110:
50 I ~N-I
DEX",X,...,X"7) =
(6)

0 L1 N-1
= Orpaacm D(x",x ,..,x )

XX

Jlnst po3B’si3aHHS  TaKOro 3aBJaHHS 3aco0aMu
HEYITKOrO JTMHAMIYHOIO MPOrpaMyBaHHs HEOOXiITHO
3aCTOCYBAaTH TNPHHIMI, BiIOMHHA SK TMPHHIUI
ONTUMAJTBHOCTI benmana: ONTHMAaJIbHA
MIOCITIZIOBHICTh pIllIEHb MAa€ TaKy BJIAaCTHBICTh, IIO
JUIsE OyIb-SKMX TIOYATKOBHX CTaHIB 1 IMOYAaTKOBUX
pilieHs pemira pillieHb Mae BIZIIOBIIATH
ONTUMANIBHIA  cTparerii BiINOBITHO 1O CTaHy,
OTPUMAaHOMY 3 IEPIIOro pitieHHs [3-4].
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BukopucToBylOUM TOPUHIMI ~ ONTHMAaJBHOCTI 1
I ICTaBIISIFOYM BUPa3 Jisl D, MOXKEMO 3aIiCaTH:

pGEY, %, ¥V Y= max
0 N-2
X ,..X

7
fmax min[ 4°(x"), 4'(x"),.., AN (N, ®
NN N

Ie#t BUpa3 MOXKHA NEpeNUCaTH:

DE',F,...,7") =
max_{min[ A4°(x"), 4'(x"),.., A" ("),
max min[ 4" (x*), C" (f(2"",x"")]} =
max_{minf A°(x"), 4'(x"),.., A" ("),

max min[ 4" (x""),C" (z")]]} =

3aXOIUICHHS AeTai, 3UCTUICHHSIM KOJIiC 3 IIOBEPXHEI0
Ta iX craHoM, craHoM Oarapeidl Tomo). HeuwiTkicTh
MPOCTOPY BU3HAYAETHCS HEMOBHOIO iH(pOpMAIi€o
po HOro crocrepexeHHs (TOXWOKKW CEeHCOpiB Ta
CHCTEMH TEXHIYHOTO 30py), HENEBHICTIO 3MiH
IPOCTOPY.

JIMcKkpeTHHIl CTaH MPOCTOPY BU3HAYATHME TIPOCTip
y BUIIISI MaTpUIli

HylSy mglSy e ug T SE
g 'Sy /S, ITE
Mol S i /S e ST

Y poborax 3 cHCTEM KOMII'IOTEPHOTO 30pY
UIMPOKO  BUKOPHCTOBYETHCS ~ METOZ  TOJAHHS
TPAEKTOPiH JIAHIIOTOBUM KojioM KozoM Ppimena [2],
MIPUKJIaJ MOJAHHA KPUBOI MMOKa3aHUH Ha PUCYHKY 1.

Jpax, {min[ 4°(x"), 4" (x"),..., 4" (x"*),C""(z" )]} B JAHOMY BMIIAJKY KpHBa KOIYBATHMETLCS SK

Jec
CN—] (ZN»I) — mwailx mjn[AN—] (xN»I)’ CN(ZN)]

[ToBTOpIOOYN 3BOPOTHY iTepartito,
OTPUMYEMO MHOKHHY PEKYPEHTHUX PiBHSIHb

cV* (ZM-k ) — n}g‘x min[A N-k (xM-k )’Cmum (Z N—-k+1 )]

(®)
g k=1, 2, ..., N, ne
Nek+1 N-k Nk
z =f(z"",x
1 ) o
OnTuManbHa ITOCJTi IOBHICTE
%0 %1 %N—l
e pilieHp Moke OyTH OTpUMaHa
N—k

MaKCHMi3aIi€lo 3Ha4eHs X , g k=1, 2, ..., N,
110 MIPU3BOINTH Ji(o) pe3yibTATIB

~N-1 ~N-2 ~0
S A R

Po3risig HewiTkOI Mojeni IuTaHyBaHHS CTpaTeriit
¢yuknionyBanas PTC noTpeOye BBeeHHS HEUITKUX

MHOXXUHU >~ | mo onucywth cranu PTC, i
pitnennst, craru PII, BiIOBiTHO, IPH IEOMY:

e X, )?:{,uo/xo,/,tl/xl,...,/,tn_l/xn_l}’

1

65’ D= o/ do,p/dses /dn—l}’

i

€S, S={uy/ sty /Ssees b, 15, }

Heuitkicte  (a00  4YiTKiCTh)  BH3HAYAETHCS
HereBHicTIO iHpopManii mpo cran PTC (Baxko
BU3HAYUTH TPHUAATHICTH cXBaTa pobora 10

34445670007654443.

[T 111
2 l ITogaTtKORA
_4_,—#——"_'__'_’

']

4 ]
s{6]7]8

Puc. 1 — Kon ®pimena Ta mopaHHS KpHUBOi y
cHCTeMI MOIaHHs BizyanbHOI iHpopMaii [4]

AHAJIOTIYHO CTaH JUISHOK — MPOCTOpPY, IO
Oe3nocepenHbO0  OTOYYIOTh IOTOYHE  TTOJIOXKEHHS
poboTa OnHCYETHCSI BEKTOPOM PO3MIpHOCTI 9:

[©) WV, BN N

3 2
0 1
7 8
S ={u, /Sy, 1,18 sy Uy | S, }.
AHAJIOTIYHO BH3HAYAIOTHCS PYXH po0OOTa:

My ={u,/ mv,, it | mv,,..., tt, | mv, }

Masinynsuii 3 00’ eKTamu:
Mp ={p,/mp,,p, /' mp,,...u,  Imp,  }
Meroto QynkuionyBanHs PTC € nocsrHeHHs
~~ Ng
IIJTHOBUX CTaHIB Y abo S , MO0 MOXYTh OyTH

OTpHMaHI B Pe3yJIbTaTi MOKPOKOBOI CBOJIOII CTaHIB
PTC a6o PII:
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¥ 5% >.X =7

abo

~

A i =S¢

EBomrontist craniB PTC i PII BinOyBaerbcsi sk
pe3yapTar 3actocyBaHHs PTC meBHOi cTpaTterii
pileHHs:

B, > B —>..»DB, =D

abo

D=A"D

i=0 i

1 BUPQXKaEThCS Y AiIX a00 MaHIMyJISILIisAX:

A= fxs,.dy)

i = v v iy
OOMeXeHHS:
HAi — A= w;(4) — 1 (A4) < &,

Hfl - fi_]H = (x)— g (x ) <€y,

S =Sall= sl - matsn < e,

HeBukoHaHnHs 0OMeXeHb BHACHIZOK AMHAMIYHOTO
crany PII, wHenocratHix BnactuBocreit PTC
BUMaratumMe  TepeOpMYIIOBaHHS  I10YaTKOBOTO

—=0
IUIaHy pillleHb D ,
HEBHKOHAHHSI OOMEXEHb.

KiHneBnii miaH CKIaJaTEMEThCS 3 €JIEMEHTIB

TIOTIepeTHIX TJIaHiB:

SKMH  Mae€ KOMIICHCYBATH

D™ =D uD'"v..u D"

Teopist HEUITKMX MHOXHH HaJla€ 3MOT'Y OIIHCYBaTH
HEMEBHICTh CTaHiB POOOTOTEXHIYHOI CHCTEMHU 1
HEMEeBHICTh y BHOOpI JAid Ha KOXKXHOMY Kpoui
JIMCKPETHOT'O TIpolecy IUIaHyBaHHs cTparerid [136,
137]. Tlpomec NPHHHATTS pilieHb JUIS HEYiTKOI
CHCTEMU  CKJIAJaTUMEThCs 3 TIOCIIJOBHOCTI
BUKOHAHHS i B YMOBaX HEUITKHX BJIACTUBOCTEU
CHCTEMU.

X, *Dy=X,*D =..=2X, *D =

<

30

IOMY KOXHA Jisl OI[IHIOBATHUMETBCS SK HEUiTKa
3MIHHA.

III. BUCHOBKU

BukopucraHHs ~ METO/AIB  HEWITKUX  MHOXHUH
MOKa3ye OLIBII THYYKWH 1 TOYHHUI XapakTep OIHUCY
CTaHIB TIpOIleCy IUIaHyBaHHS CTpATeriii, MOXIUBICTh
JIETAIBHOT ~ YUCIIOBOI  OLIHKK  KOXKHOTO — KPOKY
IHTEJIEeKTyanbHOi POOOTH30BaHOI CUCTEMH.

Po3pobnena Mmopens IUIaHYBaHHS CTpaTeriii Ha
OCHOBI Teopil HEUITKHMX MHOXHUH, siKa 3a0e3reuye
OITMC TUTAaHYBaHHsS CTpaTerii B yMOBaX HENEBHOCTI
iHpopMaii Mmpo cTaH POOOTOTEXHIYHOI CHUCTEMH,
HereBHOCTI BUOOpPY JiH Ha KOXHOMY KpoLi
TUIAaHYBaHHSI CTpaTeriii i Ha 1X OCHOBI 3a0e3mneuye
OLIHKY aJbTEpPHATUBHUX MUIIXIB  PO3B’s3aHHS
3aBJIaHb, 10 ITOCTAIOTH Iepel POOOTOM.

OyHKIIOHYBaHHS  IHTENEKTYallbHOI ~ CHCTEMH
KEepyBaHHs ~ POOOTOM  TaKOX  IEPCHEKTUBHO
PO3IIISIATH 3 TOYKH 30pY IMOBIPHOCTI 3MiH CTaHy 5K
po60oYOro MpocTopy, Tak i caMoro craHy pooora. 3
TOYKHU 30py OararocraniiHOCTI 3aBJaHb
IHTEJIEKTyalbHIX CHCTEeM KepyBaHHA poOOTaMu
MEepCIIeKTUBHUM €  MIAXIJA  MOJENIOBaHHSI 32
JIOTIOMOT'OF0 MapKiBCHKUX JIAHIIOTIB.
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