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ABSTRACT

It 1s the development of industrial process control that has speeded up the
emerging of model predictive control (MPC) methodology and the basic motivation of
using MPC technology 1s to ensure significant economic benefits. Thus, one of the
most essential problems of MPC technology development is how to implement these
advanced algorithms in real world effectively. Just from this view, a set of simplified
implementation for generalized predictive control (GPC) are presented based on the
current framework of MPC. The dissertation is organized as follows:

First, a brief history of MPC technology development is presented, followed by
its current features and limitations of existing technology and its future trends. The
distinguishing features of GPC approach and its application difficulty are discussed.
After summarizing the general ways to simplify the implementation of MPC and the

achievements in simplifying implementation for GPC, the main research works are

given.

Second, for most of the physical realizable processes, the matrices C(z™') and

A(z™') of their Controlled Autoregressive Integrated Moving Average (CARIMA)

model can always be diagonally constructed, so that the formulation of GPC can be
developed in more detail while explicitly considering the dead time in order to
improve the computational efficiency. This model structure greatly simplifies not only
the development of the GPC but also its parameter identification which can be
transformed into a set of multiple input single output model parameter identification
problems.

Third, a state-feedback like controller of GPC is obtained by further
manipulating the free response of the output predictor, whose control increment
cquals to the controller’s coefficients multiplied by set-points and historical plant
input and output data. The controller’s coefficients are only determined by the model
parameters and design parameters and its dimension 1s determined by the model
structure parameters and predictive horizon, which eliminates the need to compute the

free response on-line and makes the implementation of GPC controller as easy as that
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of PID under the non-adaptive mode.

Fourth, a more concise GPC controller is obtained by directly manipulating the
output predictor using the multivariable CARIMA model recursively, whose control
moves are the product of the controller’s coefficients and set-points, historical
input/output data of the plant and predictive errors of the predictor. The controller’s
coefficients are determined only by the model parameters and design parameters and
its dimension only depends on the orders of the model, which avoids solving
Diophantine equations on-line under adaptive mode and reduces difficulties of
implementing the GPC controller and the computational overhead to the lowest limit
under the non-adaptive mode.

Fifth, it is pointed out that the multivariable GPC algorithm is essentially a kind
of functional mapping from the multivariable process model parameters’ space to the
multivariable GPC controller’s coefficients’ space by analyzing its intrinsic
mechanism. This mapping can be realized by BP neural network to obtain the GPC
controller’s coefficients from the model parameters directly, which can extremely
reduce the computational overhead on-line and simplify the implementation of the
GPC controller.

Sixth, the above schemes developed in this dissertation are compared by a set of
contrast experiments on a nonlinear liquid level equipment. Their feasibility, validity
and equivalency are demonstrated by experiment resulis.

Last, a summary is given to show what has been done in this paper. The
applicable scope of these methods developed in this dissertation is discussed,
followed by some 1tems that must pay attgntian to when implement these methods and

future potential research opportuntties.

Keywords: generalized predictive control, adaptive control, multivariable control,

neural networks, fast algorithm
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[a] KA FE3: Finite impulse response (FIR), finite step response (FSR), Laplace transfer
function (TF), linear state-space (LSS), auto-regressive with exogenous input (ARX), linear
(L), nonlinear (N), stable (8), integrating (1), unstable (U), Input—output (I0), first-principles
(FP), nonlinear state-space (NSS), nonlinear neural net (NNN), static nonlinear

[b]

fc]
[d]

[e]

[]

(2]

polynomial(SNP).

B IE: Constant output disturbance (CD), integrating output disturbance (ID), Kalman
filter (KF), extended Kalman filter (EKF).

W E Y 3% Singular value thresholding (SVT), input move suppression {(IMS).
faZ&4L B4R linear (L), quadratic (Q), inputs (I), outputs (O), multiple sequential
objectives (...), outputs ranked in order of priority (R).

FRARILLIIE: Input hard maximum, minimum, and rate of change constraints (IH), output
hard maximum and minimum constraints (OH), constraints ranked in order of priority (R).
shA 4L B ¥ Quadratic (Q), inputs (1), Outputs (O), input moves (M), sub-optimal solution

(8), one norm (A).

A4 293K : Input hard maximum, minimum and rate of change constraints (TH), [H with
input acceleration constraints (IA), output hard maximum and minimum constraints (OH),
output soft maximum and minimum constraints (OS), constraints ranked in order of priority
(R), output soft constraints with /1 exact penalty treatment (OS-11),
i H IV Setpoint (S), zone (Z), reference trajectory (RT), RT bounds (RTB), funnel (F).
upper and lower reference trajectories (RTUL), trajectory weighting (TW).

%1 i B 380: Finite horizon (FH), coincidence points (CP).

N2 ¥ L Single move (8M), multiple move (MM), MM with blocking (MMB), basis
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functions (BF).

(k] Kf&Fi%E: Least squares (LS), sequential LS (SLS), active set quadratic program (ASQP).
Nonlinear least squares (NLS), multi-step Newton method (QPKWIK) generalized reduced
gradient (GRG), mixed complementarity nonlinear program (NOVA).
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ERETATH), BN THRFERAENERFHRS, BHIBERARE
AWM. REENEEMIMBBATH AR, B SBIERERE, el
B F IR R R IETE,

= rriaE . éﬁ%ﬁ#&ﬁ,Wﬁﬁiﬁﬁ EAEB RN ERE
4, FHEEEMNRSBHEARTLSN. —REEEHIBREZGH, XH
HEMDPERBITSEAE. EXNTENRAEAGEEEMEZ AT
e BRI . BRI A ER KRR RIRIRIa B I EL, LMRIE
ERETRIRAETRABEREN. DF —BED L REgEiFEIeie]
BTk MPC 7= 5 e 2R /DA FiX e EAE,
ARUBMESNFRE RARRM S E: AT IMPCkBEE, —HKaX
BT . T RERGMES, XAl —MEENERE, B
E7CR A KR8] SRR Z ORBIAN KA 4T . IR AR, T ER
EAZR, RAREAATERAZIBREGET .. XE70)78H, MRES
BF AL B G, FRRT CASEIR S SR, AR TR K G S g 3
0] 8
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B #ik

1.4 LAY PN 80 05 B 10 A R a3

1.4.1 57

T 22 Rl B ke R T T

Qin 1 Badgwell 7E & 1] MPC HRAEN BB Z E1), 254 Froisy B &
U, fHI T Rk MPC BB [M):

I.

AK MPC #HIBRHEARRM: BHEERFESBHFRRER 3
—H) BFRER BB A, R MPC ik £ HEE. TR
et i R H R TR BEWRE, eSS MPC f— e E k. &
ASHERS RS EEREE. KR, S50ER RIB”
XIEEZHEFE. WASHILB LT LM XAERHERNER, LR
725 1l B X AR Rk T RE .
EiEMN MPC: RELFNHTREIGE BRIF MPC #5415, HRH
Invensys K] Connoisseur #1 Dot Products ] STAR B R H BENH &
kA MPC F= U1 st SEEl B @ N S E —E M, R
WH IS, T A RASH IR KRR, |
B# MPC: BT Honeywell A &} RMPCT 7E#EHI 28 v i % BB 3
MEWAFESESNS, RS EBR RENGELERIPHER KL
ORI . it EHEERE HEARER MPC #6138 b # 2 5
A
ekt MPC: E£ER] MPC ﬁ?kf”@ﬁd%:._%%ﬁm = e g =yl
HESERRRBRIEZHERD., TR BT ELLLRE
M, FRNBENS TR AERR A AREE,

1.4.2 BEESTRAFEE ) B9 N FH 2

R R TR T 12 PATRIRE, 7N AR &

G FH A

P MPC 2 HI# EEE T TENEMERRE. 55, %%m SheivEAE:]

, AR BETNSHEERE ST RSB, b 25 TR s H R b 3
WIS E, BRPPEG ERR R REH R R SERERER. X5, &
TERAETTIITIREARE, & 1.4 For. EXPALERRSFBNEE T, R
TTHMEAFE R R ES], AP R EENLRBEF RSN IITIEHFE
A, fliersEisl. SRR EH%Y%. JadEREHRke, TaEsR




AN 1 = L T -13-
SR EER . B 1.4 FiaBElEan s —ME A B LIRS FHH b 53
AR ESE R, 2 dmiEHIsREI.
MEIGIRS TEBRXPMHEXRRNABE R, REEVEHR A~ TEREE
S MPC ik, (BRI MPC RN HTEINEE, EEFISNT.

Plant-wide static set-point optimization

(daily)
A

s

Mode! Predictive Control
(MPC)

A

Actuators
{(Valve servos etc.)

E| 1.4 T 25851 1 7 a3

L5 ) X T

H M Clarke % AN X FIH#5 #l(Generalized Predictive Control (GPC))E
HEUARU D GPC B EMABSRUNED TN S HEEy —. X
[28](78]-[811%F ) X PRI Hl 1 & B A . BiSEM AN S M T IEARNEIT.
HR[28)%F GPC Bk ik B Al , NA7T GPC KT R, LB AHS HE.
Tk H @ IME . BAR GPC MEAME R GPC FH A . et —Fi1ie GPC
HiEZ A, SEREBENE—T GPC Hik. AT —HHEEFHNZEBHEZSMANE
& 22 N A8 B (Multi-Input Multi-Output (MIMODRI R, AU BN AT ER
A~y 14 4% B (Single-Input Single-Output (SISO))4H s R 4 R £ MIMO K441,
HELF R 4E % T8 GPC(Multivariable GPC (MGPC)HI &L,
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1.5.1 ZRE] XWAEHHE

1.5.1.1 iTFEAR

m MR n AN £ 2 B R CARIMA BB TRk T
Az Yy(t) =BEzHu(r-1)+ -i- C(zhHe(® (1.1)

HAEACEHFCE ) AnxnB—ZIMREEE, B(z™) A nxm 4L I 5EFE,

B
A N=1_ +Az' +Az -+ A ™
B(z')=B,+B;z" +B,z2 +---+B z7™
CzY=1 _ +Cz'+Cyz?+---4+C z7™

HT A=1-2", yO=@O.%0-3,0F . w@O=[@),50,u,0] 5
(1) = (€, es(0)s- e, (O 45130 B0 o VS OB L N B 1
AR, BEREBRRATHEERE. na. nb. e PHREESHRAGC) -
B(z") . Cz)MIMIK. A,(i=1-na)s B (j=0,,nb)s C,(k=1,--,nc) 55l

BAE) . BzHY. CCHMEREF mE.

1.5.1.2 H ﬁiﬁlﬁ
e T S SR — Uk AR

- N N
TN NN = S 150+ 710 -w+ D IE+3 1 dute+ =D (12)

=N j=l
HP g+ ARGRHPER j PEEm, BET B 28058 A

HEEE, BmREHT IERWAR D ENRRENZARZESRFF, A
ZM R BRI, wi+ ) ARREERBRREERBEFI. N, N, 8

BANFB AT B, N, REEIE R, RAQ & IF &K IAUERE

1.5.1.3 #tH TRREKAR

T %% & Diophantine 778
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C(z")=E,(z")A(z")+z7F,(z"') (1.3)

Hef, AGE)Y=AENA, E(z7) F(z) 5 50H - 1R n, B - £ T
.
EXEBHAMENE (z7)YMC (27", HE

E;(z")C(z")=C,;(z")E,(z7) (1.4)
HePEo=1, Hdet{C,(z))=det(C,(z7}).
&N
Fi(z')=2z (EJ-(z“)uE(z")i(z‘] )) | (1.5)

FE; (27 )AZERA.DR:

E;(z7)A(z)y(t+ ) =E,-(z“)B(z“l)ﬂu(!-i—j—l)—I—E-(z‘])C(z'l)e(r-i-j) (1.6)
FIH(.HF(1.5) 5, BF.
C, (z")(y(:+j)—fi;(z”1)e(t+j])=E,-(z")B(z")&u(t+j-—l)+f;(z“")y(f)

(1.7)
RIEEE R WL, EXAUBOHERE, TH

E[E,;(z"‘)y(tﬂbj)-ﬁj (Z_])E(f'f‘j)]:-c_j (z‘l)j‘f(r-kjlr) » ) B PG HE T
?(f—l—j“) S WRalA Y

C; (z"‘)ff(t+j|t) =K, (z")B(z"’)&u(t+j~—l)+Ff (z'])y(r) (1.8)
FH5] AT Diophantine 77 #%:
1=J,(z")C,;(z")+z7K (') (1.9)

il

Sk 5(3(2)) </ ABRFUT, () #FIB(.978:

(I- z“’lKj(z“))j”r(z‘ + 7 t) =J, (Z_I)Ej (z"' )B(z‘1 )ﬁu(z‘-!— Jj— 1) +J, (z")f;— (z_' )y(r)

(1.10)
I

§'(I+j|t) =dJ, (z_l)ﬁj (z")B(z"')ﬁu(t+j—l)+(l(!.(z'])-I—JJ- (Z_I)F; (z"))y(t)
(1.11)



- 16- : B it

& 3 (VE ()B() = 6, )+ 76, (). et o(G, (7)) <o W
JHBINTNE B TR A,

j‘r(r+j|!)=GJ.(z‘l)ﬁu({+j-—l)+Gpj (z‘"l)ﬁu(t-l)+(Kj (z""l)+Jj(z'l)l_Tj (z"))y(r)

(1.12)
e
£, =G, (") Au(r=1)+(K,(z7)+3,{z")F, (z"))y (1) (1.13)
L1 . |
F(t+716)=G,(z7" ) Au(t+ j-1)+1, " (1.14)

a0 ot TR SRR 0 38 — TR SRR 2 R I B ) 3R WM, & — IR Hh il 304
MNEFH I ERER) B L.

JE BN, WAQ.14)15 2]

y(1+11) =G {z7" ) Au(r) + 1,

S’(f+2‘I)=G2(Z.Fl)ﬂﬂ(f+l)+fcz (1.15)

¥(t+N,|t)=G,, (z‘;).ﬁu(H N, -1)+fg,

- §(+N )
j‘r(r+ﬁ{‘+l|z)

y(e+N, 11}

(1.16)

G, = wer (27) (1.17)

fcwu = fcw,n} (1.18)

au_(t) )

&u(f+1) (1.19)

 Au(t +IN2 -1} |
) DA B T s e B B R TR M N s e TR R R
Yy, =Gy u+ioy ' | (1.20)
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1.5.1.4 HIRKRE

BIABHIN N, BREM+N, A FRMREE, S SRR, 2L

-

Au(r) ]
u, = Au(1;+1) (1.21)
 Au(f+N,-1)
Ml 73 (1. 20028 A
| Yu, =Gy uy +1, (1.22)
Hih, G, NG, KT
R4 B K22 BFRERH(1.2)R, 15
J=(Gy uy +f, —w) R(G, u, +fs, ~w)+u} Quy (1.23)
HH R =diag(R,---,R), Q=diag(Q,--,Q)-
IMRREREIFE BRAETRTH:
uy, =(Gy, RG,,, +Q)" G} R(w~1,, ) (1.24)

{FRENIZEIERS, (HNZRF Au @), j=1 mBEFEN, B

1T 0 - 0 0 O -~ 0 - 0 0 .- O]

N+l ) el t Ny+] J

o006 - 01600 - 00 ---0
M=1{ Nyt n o ) N, +1 | (1.25)

00 - 0 00 - 0 - 10 - 0

_t M e TN J_

4: K=M(G}, RG, +Q)'G] R, NiEHIHEARRA:

Au(t)=K (w - fcj;,u ) (1.26)

H: Au@) =[Au (), Auy(0), -, A, (1]« BI— DL S RIS EN

AEmEBRAWMNZE. NTIFAENEN, KAIUERGES, T &N
fFol, WMERDEFNE -NAFTEEFTTEK .
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1.5.2 ] XTI R HE R R

I SUTRII B CARIMA R, AT DR FEEHTRE,
R, FoTREREARETE, MASIA TR SM SRR, oLt
MBS, FAHRRE M ERE A TERMERE, R T REEEFR.
GPC ERINHIEVFE TR FBUEH, £S5 INSE R HENERT
SR T RIFIR B B R SRR kB E AR RO LAR B AR H B A A
MR, TERE B R AT AT LR BRRNTAR, IR T SRAREE.

FAh, XTSRS BN BRI R R R R, BT
Wm%%aﬁfhﬁmﬁﬁfm BTFHEMSE D, K TEEEAS LU G
AL B

I~ STt ) BB AT BRBIAT MPC FiEF £ A2, TTHE MPC
IR BAR—, MELEGESNARR, B MPC MBGHE B AT Y
1,

1.6 | (T B BRI A SE B O ¥

160 T ST 1 S R ST 2t

MBIER GPC BB ST,  GPC SV M SRR — 2
S5RE, It B RM AR Diophantine 72, BIMEMG, M1, REELHE

EESKiE(GT RG, +Q)' &%, HARN HENGIE, LSHHEN, My

BEEFHT, EESAAROTERRE. XNTHELHE RIS ERD
 DCS R%). EHIAMENIEERFIRAEBI W EAEFBHERL). KEHIE
LM ABBHRZE RN, ARNEAATEIAN. XEEHER GPC K T2
T EE, AR THENHSENRE.

anfa i 4 GPC EEREL LI E MM AP RELZITHEE, —HLUKEX
- BWRARARIERHA SRR, R SRR 5 MY A 76 B 2 20 AR Dy 6 ]
B2 —. Hik, RE3CHE N TR FEHMTHR, BEHHE GPC HAEHIERT
BEH [ GPC BIERISCIL A

GPC HiEkR MPC HKET K — R, HEMANELESLR, fTLMEEEEINE




WHT KM 3 -19-
IR G TRRAR . B, FE#—PHIR GPC HEMLEKI T E 2R, & AR

—F MPC B33 P ) — S W ALSe 9L 1, & GPC SRrE 4L e 3 7 i AN 10
— e R |

1.6.2 B HK)LAMRIEZI A,

PR B R BRI GeE, ENEBEERHE., FEMEH T
AR R T 42 B 7 AR E B 2 T IS L E B 8. A TR
B, BESY, BERUTFE.

1. & XA PR T a3 |

BT EEX SR T EE R E. SNSEEAREd N,
ABREFERESR + A4 BREHRBERTETRNEER, MREEBWEH
PERr+d NARTR AR REZEERBEEE RN Hih, ABIFIFER,
0B SR H T AT BT LS AMEE SR, GlinfeIER M RGP, RPTE
by H TR AT CAASYE TF B o 3oh T 5 R Tl Pl 4 o 256 8 — 8 DA B 735 X B PO Mg Ak
R, KK B IR T EE. K 1.3 73R 1.4 FERR MPC A%,
k% Adersa ) PFC 1 Aspen Technology B Aspen Target #b, 2.t MPC 7= S £F 8 31
1 PR T e AR

“UER” NAEBRRRRPEEER, & RN eS8 SFRLA
FHENXR, HERPMMERE. XAXMATERFRA Adersa B PFC I Aspen
Technology B Aspen Target.

RBEAT, REXRITE-IrEQETNE, oy B aEnssie R
K 1+ N B iE] S _ERIER IR E RN,

2. #ER A R flE

- WAZHNE MPC MERSEZ —, JLUPHA BN RIE RS T

Bfi N RS, BB Au(t+k) =0,k 2N, . —fRIBH T REHIREEK, U=
HERE S, HMZIIANTHEESKRENN. &P Har s, LELE
BEHRER SRR ITEEZ AT P, |

Aspen Technology I DMC-plus. Invensys ) Connoisseur. #1 SGS ] SMOC
FAFER “blocking” B, IFEBEVENESGESSHMUMHAEZAME, 0
WS FRERHITE, TRV T RIS

B BENFERSERNRN, =1, NIEEHERKE B ITLSRIFEL, §)
i Adersa ¥ HIECON. Continental ] MVC. E¥ EWA BENEEHIE, HILN
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e mAEHNETERER. |

Adersa B9 PFC 8 “EME” Hi&, TR ERENERENEEES
HEREFARLPHZEEREIFHEENMARZE, FAEESEEPCTEERNER.

3. XHETEA. IRPLALE “cut-off” TR

x 1.3 HFE 1.4 FE57 5, BB Aderda ] HIECON #1 Dot Products B
NOVA-NLC 4, HEM P AXKARSNUMS SR EE ST IE, BRI
RHT AT, ERRMRGED, ZRREEFRERARESE, BT
REtu Dt EE. —~R EERBEMNN, FRIATRRAE B ERLD, TELE
Ak BEUNREBLELR. TEEISISNMA, —REZRBAWBAR, EBEhNR
EEAAREE TR, EREATNER T ERABM A2, 1 Aspentech
) DMCPlus . Honeywell #) RMPCT % . AH KM MILTRIZ SR AT E S
HIEK, EEBHEREESRJURMEEER, NRIBES P X RO HRAR,
RUFEBA—FE, B0 Connoissewr B =Fp#H K. LR(Long-Range).
QP-LR. 1 QP #izl. & LR B FAFRELHR, QP-LR B P EEMALR,
T QP AR o % FR A A L5 4 1 20T, BT 2 SRR P ST R B AR R SR

EREFFZREREIRFRIES AT, B7 LB RNCKRE QP
&, ﬂﬁﬁéﬁi&ﬁ&ﬁfhﬁ&i{%d]&‘ﬁ%ﬁ‘]ﬁ“ﬁ DMC-plus EZ:H, Y47
MEEAESTEBHE L, TRELSRN, BEENEBRIFHNLARGFE, FHFMNEE
R PR RANRERIER, EFEITRAMTE . PFC EIEHIEBXH “cut-off”
FiE, A ENAZEBARSSY, RTEBINmAGESEBRH AR, N
“HIHE” LML, BUEENILRE. X — R LB i NI R
%, BEENSSBBHIERER TR,

EMAEEIT RY, RAEMHERLGBARENARE, RENRERE
IRERALET TR &M T, R ESTE.

4. fFH “Ku” B “BEEREXE" i

“R” B “EEERE” AREARNREAETERNREERZER
BERX, RERTENEEEENCER. —FH, 7TUREDHATHA SR ER
%, BBERRAEMFR:; A—FHH, RERLTELWTEE, HASREEREM
MK BAE, BERBEERAUATHRITER.

1.6.3 J X FRdIE R4k SEBE T s

GPC {# ] CARIMA H#E!, Z¥/>, FTERBRAEIS). ST &R
%, IRESMSEH GPC M BENEH. ER GPC HikthFE— i h, BFE




UL K F 2 e X _91 -

MEELEBIEER, FalRAXHaENERREAN, FESHRKERE
T, REFEEART, FFEENERT MR FEEREHEEHEFE,
B Xz A S 2 5 ENEIER T ARERY, BENEHEENS
ft. BE, A TH GPC NHTH, LMD HEHE, B miMEE. B
KA LL EREIR) MPC 77 AR LA RS T4, FFR AR BT LA
FHXT GPC #4T T 2t
1. 1BHESKAE Diophantine 778
FLYE 1987 4 Clarke FARH S XTI HIEZERTY, @O2E2 T i
L. HEFEIEER, Bl CARIMA EEF C(z")=1, FTH Diophantine
77 R AT UASE R 386 ) 0 V4T SR R m
1=E (z)AA+z7F(z™") | (127

HAPE MFRE AC)TNLE j— e IR 2 5L R
%E%lf ] T 2L, BN3CHR[26)-[28][81]-

BEBRFEE, MCE") 21, ATIREGRLUBBIEMRE, SCE28)F XA
M AR EHAT TR,

f f
y (t)——c(z_l)y() (t)-C(z 3 u(t) (1.28)
RIS R F R
AzYy () = Bz (r)+e(’) (1.29)

A
R, TGS 5 W P I — BB 77 25K AR Diophantine 712, Aoit BAF)

BET @+ 1) WL T 37+ j 1 #ATC") . P t, HEBEHER,

Diophantine 77 F£ 8 8] LLEHE R, CHR[28]38¥ Diophantine 77 FRIEHESK AR K
BARHE 3| T 238 GPC H,
2. FERESKGYSE RIS HRE

CHR[83][841XH (GG + AN 43 IR T A AR E MR . R85 A

FERERETRRPINSERNE, (GG + A1) BATAMR, SO0 T A6 MERO A HEsR
. CHR[S6) B B BARR MM, (078 KRB ki 5 A
(G+AD), THXAMERER—T Teoplitz 55, TETZEAERY BB R AR K0,

3. HERFARS BRI B T
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7ECHER[88][89]F, AN BT ENZEZLTEXZH) TR 5 E4E
T—Dﬁj&! Eﬁ‘ﬁ:ﬁtﬂﬁiﬂﬂﬁwﬁy Dlﬂphﬂntlﬂe ﬁ*ﬁ%*ﬁn “Eﬂ%ﬁﬂ-]:- 5F|JJEH7F_§

BxIEX, BRI+ WRIEN, BEBI e+2|nREX, REE

y+2|HRIENFPHIE p+1| O TE p(e+1 |0 TR IER B, LU EHE.

13 2 1) a0 8 o0 3R 0k 3 E‘J?ﬁi_ﬂdﬁ IEREANBHTE R, AT
Diophantine 77 #2 i) Sk i , el RO THER,

4. KHABRXBENFERZI X THNES)

SCER[90]H ST CARIMA A%, EdMERHEANBEFEE 53
T A RAE SR

Au(t) = P(z™)y (¢ +N,) = X (1) 6() (1.30)

LA o) o LR HHRTT AR/, X(I)E{IIE%)\?&HHT“%{%& B

MPE P EHETERRAEN, y¢+N)MEEME. Fitbar bl il
HERBAEEREEE. RPN T THIENR |
A(z"NAY(D) = Bz HAu(t 1) (1.31)

B3] T R R .
FECHER[92], Ft—RAERM RS, FIHICERBLIF A28 LI &
%

H(k) Lk)yk)+---+1 (K)y(k—n)+ p(k)y.(k+1) (1.32)
+- +pN(k)yr(k+N)+/1|(k)u(k D+-+ A (K)u(k —m) '

Kk P as B R HHRE SIS S

MER[93]-[96] 3 BIFKA T — 1B MRS R IRV R k.

5. XHAHFITHEHER -

SCHR[971[98]F X HiE R X TRNE RS AR IE. Fifb. TR I
WO MESHET 21h, 4B T EREIMAITEENSGH, EHIT T ENEFEERN £

F, AU AT R R R TR B B ST 7ESCER[99][1001F, 4047 T

I~ TR RS S5 4, 3R LA systolic BVEASREIN BE N X HUIEEHIRI HAT &
% BIXEEBR)LIKE T TR ITERE L AR

6. XKHLE R

Camacho %M%m“”’” STFan TR A R A TSR

K e ™ , G(s)= K e (1.33)

=T s(1+ Ts)
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N R R B 5 IEAHS B BT LA —E & 51 Ziegler-Nichols B

éﬁlﬁﬁ?ﬁ:ﬂ@ﬂ% BEX R R AT U ERA RIS R, AL T 5 s
HlfE TV IS RE IR A

7. KAMZRETEAR
 XMATEMHBHSRRGRENRER B BN NRR, BENZERNS
HWAENRITEE, BEIFFma My, EREER ATEHREESHE, EaL)
M P H #15 ZUH S 28 B R 2L zziFEFHR%TTUﬂ%ﬁldﬁﬂ*iﬁi%%ﬂum”m B A]
%ﬁ BP M%EE%}’L[IUH[IOS}

A ENEN—EFEFTERANETRRE, I TEREBRLANS, UTH
Hoet:, REBDHISCEIRE T XS 8T ST 7 i 47 gl Ieanos],

17 AXMEERR

AR E 2R ERUBARBIF MRS TLR, KT ALESRKEBRR
VEIRMES S B k. WK, MRANFHAEHNHARELZIRN, ZNEZEAE
T AR FR M BEAT AL R BRI E . T NI HIR T BIER . 4K,
TS 2 Fpset AR, AF P ERAERIER, E—FIREIZH MPC HiE.
EZAVFE SRR RS, HS T HaMASERRORRE, SFIREHELS
TSI . 5h NREBENAELRE, EHFRRNMLEITE. BA,
MERHBAEFHZ W, CERBATALBREFHAEREEMENEHE. R
MNTF—ENRA, WEBTEZHN™H, BIARETHE; FAfE, EXTF 8-
H, BAWRD THRN, BabRERTHE, F/H GPC BETTUREEHIN
e, SKERALAETFS, REBAMEHF M, [N, K GPC BISEIAE, 20
DTHAN, FRTHERTEE, R illasrianStaiiin. HRE
WSEEL, AR U SRR u AR, M S REIEXN GPC HEL S KIIRA
ST, FEREMATF @R LM '

E T, AXEfACIESGEREME £, #—F5 GPC EiRHTHF,
FEREMAG . EnERESLATFE.

B, HACHFCEHZHAEREAXNAELARNSESEE CARIMA #HH

GPC FikktiEd, BB R T IR WRFENGRNE, URETEER,
LEEEXRMAMBEEAREBR. RELBENFEHEAREN, XHEE
FEXHFTARBEE. BHIRANERA, REREBIRELREH, X
ME AT RER B EART B FIINTE 1999 £ Qin A Badgwell B AR Tk
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MPC N 1T — B 71, Aspen Technology LR MPC #5414
BEHN 2P ABHTERNELEZR 283 6033 A x ), XNTXHERITRE, T

T E A E R T EH T 1.

HK, R EBRANT, WRAFEAR, RER LR R LI
iﬁﬂ%&é’}ﬁ%{%ﬁh BHES-TEFAREEFENE A HWENIR, ARF GPC
AR S BN B AN — Dot R, SR L0 LARIERE
BABHREE. BAREEEAGEHRHEERRNER. SHB RS H
MEBEHSHE TS HE, EEEENBEART o CAETE N, NfEL Tt
GPC #2853 PID — e 8,

B, MHNZE CARIMA #RB H T8I, TE0] LUEFF Diophantine
FRERIRAE, TTEEHSRTREMEHBRASEREME. AT LEEE. WEH
RHHE AR TUTRANRED RHEERBNOER . BHERES S BENSH ZRIT
SHHATE, FHEINHASEIANKMERX. MR BENMER, TR ENE
i, #HBEE T HAHELL.

B, T XTERSIEERR FR—MEHG R, R LI
BB R BIR N R, BT RAEE S5 2 A0 2 8] L5t B35 5 38 R BN TR
ERIAE. FFIFHMPE PSS BIBST BE 1SEEL T CARIMA RIS HF| I R
M H A R B BT, MR T 288 BENT LN EHIE SR E L%
SEHRL

WS _EIEREEMALIFENERHSR, ENTERE &S
Bt SEIM A EELREE LR EHR, BEERR XM EENEE,




FANE R VA0 .25 -

R SRR X WMEREE

HE: BE AL EYPET LIS TELREN CARIMA BREFRACY 5

C(z™) T AR A A 2 IR R T 2 XX e R S A T AR Y

SRHBA RO RS, BEAE—R, RES TR S TE
BRI RNRLR, BEAHSEE URNESEEEsE. &
RS RPN MR TAMER, UASTENE. AETETE
AR B RRR T .

2.1 31

LA RIS EELZTRLERE, HEMOAZENE M AHEES
B HIEARFEATMBEATHNENIRZ) . B THRBSHENE M, &
M TIERIEZ R BIIELITHRS, TR AREBLE, BARZTREHFIE
HEATIES. BRI EREMARESHOREN N EES, TERASHEZ
6] e ATECK] . XM T EARNSSHELB T LREEA TR

ZRE XIMMERRER SRR —FE N T E AT E
FREEMNELTENINT RNRAMERE. 28], MRELLE CARIMA

BEARACT) 5 CE) BT A S MR B, RIHZR A TR AT LS %

A AN NS f I TR A R T, HORR RS KKk, AW E &R
SERFRDHHITRT BRE CARIMA REFE 2N C40. 5 AR 5 CARIMA
BRI R STAARAAEMBE N T Z R AR SIEE AR b E 5508
F, diimE ] AT ESAmHEREF T IEE, FOREZDRBTLIER
WHBHMAEFE. AT ZERET XMUEFNEEANTEYE, ZEXNHARS

CARIMA #AAEEREREH. ACHYESCEHEMALHREERANEZT

B XA R SRR IEE T HAMHES. P B8 TAmE,
DIRE IR
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2.2 Z A REITER CARIMA #HA)

£ MFD: B gx p REEEESIEEEANERREGG), M—EHEE
gxqFlgx p FIBIEER Ads) FIB(s) ', {#F oL
G(s) = A" (5B(s) (2.1)

FRAT(8)B(s) A G(s) — 13 A H#E, B'E A MFD (Matrix Fraction

Description). HF A™(s) %% B4R .
Q.DARI BB BN

T(z")=A(z")'B(z")z" (2.2)

LF L, BERNEARASHRAL —HEBROTE, —BTENETEN
X, AT LR R A 2 TR AR R R T 3K |

Bl SHTFETEIRE m M 0 M ST RN SR, REETHNT
] CARIMA 7.

Ay = Bz Hu(t-1) +-;—C(z" Je(?) (2.3)
Hre: A(z")=diag(4,(z") FC(z™") = diag(C (z"") A nxn— LRI,

B(z") =[z " B,(z")] K nxm YR MASERE, d, &5 i M FH j MRS
fmfE. Bl

4.0z 0 - 0 ]
A(z") = 0 Azz(.z“') - (:)
e e
B (z)z™ B,(z")z% . B (z7')z%
B(z") = le(z_.l)z_d” Bu(z'.‘)z“"n - BZm(z—'l)z—dz,..
B By B
FC“(Z_“‘) 0 0
C(z™") = (El Cn(‘z"‘) 3 ?

0 0 - C(z7).



T k2t 2 R 30 X | 27 -

4, (z)=1+ a,jlz"‘ +ota, zM (i=t-n)
By-(z_])zby'o +bmz‘1+...+bij"b¥z”"f’y (f-—"—-l,'“,ﬂ: j=1,"',TH)
Cif(zhl):1+cfj,z_] +”.+Cﬁm z " (f=1_.,'“,?1)
BEFA=1-z7", yO)=[y3,0) 0O s w@®)={%0),%,0), u,O] 5

e(t) =[e,(1),e,(), -, e (O At HZH I n x 1 ERIE TR, m < 1 BN BEF x4
EEm . RREEREAFNERES,

2.3 HIRERH

T B RS = O B AR R AL

JONNLND = 3 48R+ we+ BF+ 3 Y (3, (8w, 1+ k- DF)

(2.4)
K J+k (D ARGR I TELERRIL P HTIR, w+k) AR

t+k FIZIK R EEESEYIE, Au (t+k-1) A3 j NN +k- 1 RTIEE.

N, =[N, N, -, N, T ABNBREHRER, N, =[N, ,N, N, | 5B AT
A, N, =[N, , N, - N, T A SR EEE. 5k A, (k) RIRS,
— FR A 1 |

2.4 i T AR =K

A,y = i {z_d” B, (z"’l)uj_(t -1)} +i—Cﬁ(z'l)e‘. () (2.5)

i=1

E X ¢ z_d“Bg(z")zz”d’B;(z‘U, HoH d, = mind, 258 i > X BT WA /Y

J

B /AT o
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W 2.5)7 3% H -
y ST 1 E
Aﬁ(z ).}"f(t) = Z{By(z )uj(t_dj "I)} +ECH(Z )E’j(t) (2-6)
j=1
1P
e +1 m hoy kot
Vi (t) == Z ﬁﬁkyf (t '_ k) +Z{Z bm ﬁmj(t - dg —k - 1)} '_"ei (t) + Zcﬂ‘,er (f '"k) (2-7)
k=1 . J=1 k=0 k=l
% FE 40 R i) Diophantine 7 #2:
CAzY=E, ()4, ")y+z“YF (z7) (2.8)
Kb, 4, =AM,z =1+d,z" +d,z7 ++d, 27 +a, 277,

E EYRME YRR k+d -1 Fne, PO ZHRA. S

b saly

S(C(z™"Y)sd +na,+1, LMREIFE Diophantine 78 (2.8) sffmE—,
RO BAFRBRLLAE, (27)z", HRALKQ A

C,(2" Wt +k+d)=F, (Z")y0+

> HE,, (z)B,(zVu, (t+k -} + E, (2" )c;.,. (z Ve (t+k+d)

=

(2.9)

ERHE, (7)) Ak+d -1BE, A9 KA TRERE# R i %),
KRAMHEET, Wy (+k+d)FIEHEEN:

CTI(rk+d |0=F, (ZW0+ D HE, , (2B, (A, +k-1)  (2.10)

S|\ #) Diophantine J772:
1=Cy(z )M, (z)+z "N, (z7) (2.11)

K oM, (7)) =k+d -1, 5‘(NM (z"' ) =nc,-1.

M, () RUARE10), FFAARQ1), WS-

P+k+d, (1) =[N, (") + M, (zVF_ (z7)y0)
m 2.12

+Z {M, (z“.l)Eﬁ_mj (z'"])B;}.('z‘])&uj (t+k-1)} (212)
J=1

Gevdd)

%,
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= 1y _ - SN o1y - —k -l
GU&H.*, (Z )—Mf.em,- (Z )Eﬁ-m,-(z )Bff'(z )_G'fk (Z )-I-Z GP;;,;. (Z )

KA. 8(G, (27" <k, G, (z)=g, +g, 2" ++g, 2. WAKQA)AE

Yy -1
IR
Jl+k+d |0=){G, (zHAu,(t+k-1)} +Z{Gpm (z)Au, (1 -1)}
e

= (2.13)
HIN,, @Y+ M, (2E, ()0

T +at,

A
f = i {G,, (z")Au, (-1} +[N » (z7')+ M. (z” W, (z")]y. (@) (2.14)
W 3(2.13) A -

P(t+k+d )= i{q}.& (z)Au, @t +k -1} + f, (2.15)

2.5 BHIERE KR

P ABULEIN,, (N,=N, N, +1, N, . N, FIN, A BRE Mah g
BN TR, B TR SR ), U

5(t+d,+118)= S (G, (z")Au, (1)} + f,

P(t+d,+216)= 314G, (z)Au, (0} + f,

(2.16)
y(t+d,+N,|t)= i{GyN:(Z“I)AuJ(Iﬁ- N, -1}} +.f='~,
XN, =d +1, Fi MRy RorAmiErE.
Y, =i{GgUg}+fj (2.17)

Jj=l

o ~ A ~ T
Y, = [y,. (F+N, 18, y,¢+N, L5,y (t+ N, | r)]

U, =[Auj(r),auj(t+l),-'-,ﬁuj(f+N; -]
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=[f ot |

§ 0 o 0
gﬂl_l]
G — ggl,I guz,n
gj - . . .
_g‘ijﬂ‘j,ﬂ’jvl yh’;.h‘j—! gyh',- Jt N

SINBBIRE, WBENE N, +1DRHRRER, BHIGSRETE, G N, £

HiNEARBREE, =1, ,m), mll(_z.i?)itﬁfﬁ%jb:

Y, =) (G, U, }+£ (2.18)
i = ¥ #y,

B U, =[ A0+ N, G, G, N, + 1B E R

My (N3, +1)x Yr,

TR
FEMA o MR TEN, BRI E.

‘HY]NI G“-""J GIZNJ, h GI’"H Ulh’] “f |
| 2 kP H i
Y, Gzl,ﬁ Gzz,h GZMM UZN f,
1=t i A I (2.19)
; G,, G, G,. |U, f
L
- ) _ ]
Y| " U1 ", B f: B Gl I, G]z-"-‘z G]m#}m h
? 3 ?2;»*2 U. = Uz”?-: £ = fz G — Gzlﬁ:‘; Gzzi,.,.11 2my,
I T Rt TR SRR N e : ,
v U £, G G G
I_Y”Hn _ | Py _ L g, o |
ﬂU(2.19)EﬁtEI LIS Rk
Y=GU, +f (2.20)
% BAR R (2.4 AR,
J=(Y-W)R(Y-W)+ Ul QU (2.21)

[wT,wj,---,wj]T, w,=[w(t+N,),w(t+N, +1),-, w,.(t+N2f)]T (i=1,-,n)
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, R=diag{d,,8,,-,8,} » 8 =diag{5,(N, ),6,(N, +1),--,8,(N, )} (i=1,-,n),
Q=diagih by, by} s b, =diag{h, (D4, (2, 4, (N, )} (G =Lwem)

B R 25 E RN, ZEYPORRT BN y, () MERN 2R 2 E () B—n
p:plin( %

a 1-a™
. . (1 XG;
w o= : ["; (ﬂ:[rﬂ T]{J: ((t))]zTyfyj(t)+Tﬁr;(t) (2.22)
_a,N"“ l—a,‘v"_ I l
Hh g e[0,1] A% i Mt FIRAeEF. ).
Wl T 0 0y [T, 0 0y
) 0 T -- 0 0 T - 0
W= “:2 = . 7. ‘v":(t)+ o W) (2.23)
_wn_ i 0 0 Ty”_ _yn(t)_ | 0 0 T’n | _rn(r)_ )
R4
h() T, 0 - 0] T, 0 - 0]
() 6 17T, - 0 0 T - 0
(= "."{, L= . * . |, L= ' . |
EAG] 0 0 T, 0 0 - T,
HE=§
_ — y(t) |~ | ¥()
W=T,y(O)+Tr(r)=|T, T,][rm} T[r(t)] (2.24)
2200 XA 2D, WREFRFBIE&MH, BNEEIGERTRTN.
Uy, =(G'RG +Q)'G'R(W-T1) (2.25)

AR EHIRE, (NZRF A1) (=1 m) RFER, XK.
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1 0 O 00 .- 0O ««- O 0 -+ 0]
| v - LN — o \______.__J
Ny +t N;, +1 Ny +1
0 O o190 .- 0 .- 0 0 --- 0
M = H;H N;;:} ) Ny, *1 J

L. r w ]

o N;:H N3::I N;H - mxi(N:i;H)
J=i
%: K=M(G'RG+Q)"'G'R, MiZHFETRTRA:
Au()=K (W -f) (2.26)

K Au@) =[Au (6), Auy (), Au, ()] - BI—ANEVEMBEERUSEHNLE

ML E DRNZEPERRE. TEIENES, KTURBIWER, T
HENER, WERNEGFHNS-NZFTEETEK.
EBIHEHRSGERNE 2.1 fiR.

r(?) W 1 Au(f) u(t) ¥(£)
N | N 1 LN g
TR X o L
é_;%‘
) wEpeR (T

¢
)
-
==
(i

WEG, (' N_ ()M, (=
FL,E Usleunm k=1 N)
N 1 I}

£, =2.0G, W e-+IN, ()M, (ZYF, (27)(0)

,A_i
Je V—
i=len k=1, N,

%21 2REBEN XTREBIRSE

2.6 Z2EHF

.7, BTRAHE AN S W B T e
y(t)y=H;] (00, +e,(t) (2.27)
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- : (4, |
_yi (r - 2) $ :1 ¢
| é,
~y,(t —na, —1}} e
 Au(t—d, 1) b
Au(t-d, -2) > bf.]' >
Au(t—d, —1-nb.) b,
! il i1 72 i)
A (t—-d,-1) b, i
Au(t—d, -2) } bfz. }
H,(f) = E 0,=| :
Au,(t—d,—1-nb,) b, z
Auw (t—d,_—1) |
Au, (t—d, —2) $ |
Au,(t—d,, —1-nb,) -
i,
—e (t~1
ot~ N
—elf— }
(t-2) | .
—e,(t—nc, —1) |
B ’ - Cr‘im.ﬂ.

U7 48 s X T BB R T AR
| y(£) = H(7)0 + e(?)

y(1) =

r e i A kD AR VA b 13 - Nt
~H(1)0(z - 1)]

y ()
¥, (1)

, e(t)=

BAO)

_31(0_

e,(?) H(r) =

e, (1))

0() =00t - D)+ K[y

H'() 0

0 H,)©®H - 0
0 0
@ﬁ:& fLoei~[111]

K(f) =P(t - DH (O[H(OP( - HH () + oI, 1"

P() = [1-K(OH' (HIP(t

~1)/ u

- H ()]

(2.29)
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BIR LA WS REE

He: O<u<IHBERT, W% 095<u<l. KOINEF, P IEEN

B ZFE. FME00) TTEARMERBME, PO)=a’l, aB—PEBRIYIEH.

ESEBERES, ATEBQ2DFIANEERESE, TUEm AN
M2 ZEXNREOSEREES Bn N m AR 1 MBS 885 1 5
RS HHHRFE . BT HR RN A mE.27)RETR.

2.7 HESET

RIERIEHIT RIFIE, FE S EHHES 1‘*’] ke =gy g LN BN AT )
e IAEF RUWET BEZEPHRVE. B5EF. 5055 53T L

W:Vfii: _
1. HEMARBTEROMNEE, #ITHEISERR, 53,
2. 1% Diophantine HFFEBRERFGMEHRETS,
3.
4
S

6.

HHEZEPE, BBFEEW,

L I EEHBREEEK .
. HEEHIEE M) =K(W-f);

HE u() =u(t-1)+ Au(t) .

FEENET, AITE 1 5.

2.8 /NG5

IR LB CARIMA BEFHLIRRERE A(z") 5 C(z7) BeiE Bix

AR, WEAEREHEE, TR LHNEHNES SRRt eE )
Wik, HEETEBBAKIBE TR, Erdh BRI TS Em, TUBTE
REVHE, BEENE., XMERNLEHT, SEPREEHBTUERRL, T
— AR S BRI R n MERTB DS SRR S, B AT RS
AR RERE .
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=R ZRE] XM G R
X IETT 5

R ERAEFEREIEEER RS, AMNIRTEBHIR R
R AR B S DB R, B b IR R R r R
ey AT LA 3Rl A, GBS SCTRANIE BBk B e o N IR 3 — AP
e, RATRERGERNT XM EGE, EFHEELTERSRER
BEZHRA LR AR EEIRR, Had TERSREAW
R |

3.1 5|

e 4 PID & it 5 RERBESE D, B REAR BT S 5T HE
SRRPATER. Flin, PIDEH#2, HEHE L.

KT KT,
Au(t) = K [e(t) —e(t - 1)]+ 1;’ e(t) + ;‘;

[e(t)~2e(t—D+e(t-2)] (3.1)

HA, e()=rt) -y At 2R eBEXNZRHEHWE, r(6) AREME, y(©)
AXEE, Au() hiEniEE, TARBERE, K, AUHRE, T, W E,

T, Sy 4B ]
PR Rk A 1Y, R R,
R (3.2)

AP x AnBERERTHE, u AEFIES, A.B. CoaAnxn. nxl,
Ixn G500 . WPARZE RGN

u(t)=-K x (3.3)

He: K AR R 8 m A
RE T P 2 28 5 R FE 2 le 7




- 36 - R BEERN WEHBRERBTE

NERBAREKNE, F_EERHT XIAESIEZE RS E ] YRR AL
R, FTHRREEMRUSEHZSBRWMNZE, WQR.26)FTR:

Au(r) =K (W -f) (3.4)

H: MnARBEEK AESNREAEMNSH A RESEE X, T E by ¢ H{i
REGSEROWAR LS. £—Fofh, XHEHNESRHEESH., &t
8. SEHL, TEMARDDLEREN. WREEEREE RS R
5259, IRIREBAERENEN, SMEA LA B S TS, FfidR
vH B, MEEFS MR, T IEAAESR I E B ARk
BEMNBRT, ARBRTEEGSRY, TRLHKmEN PID #1288
B,

3.2 A RBHIKE 7%

T QRHRATEEL, SIAQCHRMERRL, WIES - SMHRSTE,
LR RI2.26) R R RIIERIE, R EAISRASEMK REHEMSHARITS
FAE R

B (2.14)3:

£, =G, w03+ [N, )+ M, GE, GO S

J=l

~
GPM (z7) = _}f% + f“f‘n z e j;'-g,, vty g vy inby=2) (3.6)
(V,,(@D+M, (zE, (z7)]= Fo + 0, z7 et fy g Wrdrnal (3.7
JJ(3.5)z\AE Al |
ffk = i{fuwu Au, (t—-1)+ j;‘&. Au(t—2)+ -+ f%ﬂﬁwﬂlwr1 Aut-k—d,—d, —~nb,+1)}
= ;
+ f_ﬂh y,(6)+ fy;h y(-1D+-+ f,_,jwmwi y(t—k—d —na,+1)

| (3-3)



TN 3 B e (VAT ~37-

i .
fo Lu 0 Au (£ —1)
e e A | JEX)

oy . .
f”,- o f Au,(t-N,—d, —d;—nb, +1)

-&” o 0 Ir A |
Fow Tom O yﬁgn

£ y=-N—d -na,+1)

'
T 1 JIN-’M +if +emy; -

yfp :[yi(t):yi(r_l)ﬂn‘ﬁyi(t—Ni - hna, _dj +1)]T
up’j :[ﬁuj(t_l)””’&ui(f_Nf —d;‘ —dr_‘f _nby +])]T

T T T 7T
|

u = [upil !“pil ? o ,upfm

Py

SlIE =
f,=fu, +fy, (3.10)

11

s £, f, MTRASLERESREX.

G.10ORF, iMN1Bn, H:
f =f,“ll!,_,l +f,!y|P
fz = fzul.lp-2 +f2?y2' (311)

fn = fnuuprr + f"vynn

WIELRIEN, H:
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1) (6 0 o 0w, ] |f, O - 01y,
06 f, - 0 {u 0 f - 0
S i Y N P il IEERTS
110 0 f, |, | [0 © ||V |
o
u,=[u ,u’ - u T
Y, =y ¥y T
f, = diagi{f, .1, ,---.f, )
f = diag{fly _,fzr o =fn,, \
il
| f=fu +fy, (3.13)
B ARG IMRALKG.4), WNEHIERE R,
Au(t)=KW-Kfu —Kfy = [K,-Kf,,-Kf J[W u’,y' ]’ (3.14)

KK BB REIN, SN () MEIRR 2R EE ) B—0
HiFIE L, WiEEe.24)30, NE:
W=T,y()+Tr(0) =T, T]Bgﬂ = T[i‘_'((;))] (3.15)
B G15RAG1HN: |
Au(?)=KT,y(£) + KT r(s)-Kf u_—Kfy
= [KT,.KT,,—Kf,,—K{, [y (), (), ],y (3.16)

RS

1 0 - 0 0 O - 0 - 0 0 - 0

i e "
N\ +na +d, Ny +dy, +id; Ny +na, +d,

S — Ni+hay +d, Ny +nay; +d, Na +”;nn+dn

- Ny 4nay +d, -"""2"'";.11_"“31 Nﬂ"‘"_;m"'dn |

MIAFR(.16)ATEE K .
Au(f)=KTr(N+[KTS-Kf Jy, ~Kfu (3.17)




BT RS - SR 8 3 -39.

S
| =KT
1, = KT,S - Kf, (3.18)
I =—K.f
M3.17)3% R
Au(f)=lr()+Ly, +1lu (3.19)

HAEHIESEREL . 1L, REIEEMNSERRTSHER, MTEaE
MNMiEHIE, TUELTESR, I THENEN, NEBEASHFENNEES
Bk B

PRl R E 3.1 s,

+ Au(?) u(z) (1) ,
_T%% b S 2N S

N OmEEHA [ ]

il

|
p— Y — RS RN L —
wER

!T

D> | =

It

-l

| Ir(z)

Bl 3.1 ZZEEEN XHERRA T EE

MBI 31 TR, BAERRAEERE, FRINEHREE EMRE
REFEHIRGR AL 5E 2.1 8, BHRRLEHERT L.

3.3 HEESEH

IR BN RIFAE, HESERREEN, SHFE-EEMTN . =56
B AT RETF . HESEHHRYIE. BEET ﬁ*?%ﬁ%ﬁﬁu
THE:
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1. KEmARHREFNNEE, HITRESEHN, 826,
2. V& Diophantine HREMAEEEG . f, . I ;

3. WHEMEET AT, ;
A4 WHEHISRICGERFL . 1L ML
5. WEEFIME Au()=Lr¢)+Ly, +1lu,;

6. WHEu(@)=uE-D+Au(®).

FEENEMT, BTENSRETURNTEN, L AERITE 5§
F 6w, HMIEELIMALE —FEPNTEES.

3.4 N

5 B S R R B o TR AL R, 7E S T TR B R
E, EEBRT TR HTER GRS EIROTER, BT RGN
M, ETEMRSNA. £EENREERT, B58 -8 My EAE RN
g, EIREENERT, ANTFESSME, REHFETEEN E N
HISKAR, TESRHHEWAD, SCHLTT T i &




L KEF R 2 - 41 -

HE ZRE] XRS5 R
ELBER IR 7 i

W FIFZ%EE CARIMA BB EEHITEHE, B8 TS 0% 0
FER, BRHASE—EEAHNTEMHUTANEER, @I T
Diophantine F 2HI3K##. BRI TRERBERXKEFIZE, S8 754525
REMORMAT, BHI50R A K R 50 AR I AR, SHNE,
HEES, BHEEEE, SRR T T U

4.1 g|=

REEMESIREY, TRET UMNERIEET S R MiE 52880
7\ *

Au(t)=lr(t)+Ly +1 u (4.1)

ERPHERIBRRE L, AP ERHREN XDNEXR, WENRK, W)

DR EBE. 7, EZBEHEPERHRARENRKBREBSEFTE KR
Diophantine 5%, BHENER THHEEKREE.

iﬁﬁ[SS][Sﬁﬁ]iﬁ%_tﬂ BEEEENEAKBRERMME, AFERMK
Diophantine /512, {BREKEIREKREEFNLE, 40 8 iR M 5=
TS M REGEMERSKRE, ®RITSXAABEN. AEFEMNBHTREERE.3)
INHEITEHE, S/ I mHRITNERIER, REBETHESE—R, FlkT
BrHREN, BRRRARIFRRQCHNEER TEHRHR RS EI S 6
7 = R/

4.2 3 i M H P RE

(2.5 .
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3,0 = 4B, () Au, (= 1)} + C, (™ )e, (1) 4.2)

j=1

ORI AP _1 S ~ —nay, -]
KP4,z )=04,(z7) =148, 27 +8, 27"+ 44, 27" +3&, 27

i+l

41(4.2)7\ 13
nay, +1 m by Rty
y)==2 8, y,(-k)+) (Db Au(t—d, —k-D}+e )+ D c,et-k) (43)
k=1 J=t k=0 k=l

B A+ N, P (B d = mind, 36 § /4 5T 4N BB R

N,=N, =N, +1, N, . N, HIN SR i Mad LR B TR . AT
B SR AN T B A ), 483

@
@

Y, A ] " _Bgﬁ i 0 —CHF,_, i C,
’ it ! Y + < ' U + U + i E + & E 4-4
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