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Abstract

QDMC is a set of Fortran programs for constrained Quadratic Dynamic Matrix
Control Simulation and property study of the QDMC “equivalent” feedback linear
controllers. Based on the time invariant impulse response model and plant, the sim-
ulation program minimizes a quadratic objective function subject to hard constraints
on manipulated variables and/or on controlled variables. On-line stability conditions
are also calculated in this program.

There are five programs created for studying the properties of the controller. Pro-
gram CJI creates QDMC “equivalent” feedback linear controllers as {requency files
which depend on the active constraints situation. Program CJINOM is for nominal
stability test of these controllers. Program CJISEP is used to separate them into
tuning parameter dependent and independent sets. Program PREL is for testing the
practical relevance of a set of QDMC active constraints. Program ALLPREL finds all
such practically relevant sets.

*To whom inquiries should be directed. Phone : (301) 454-8300. Fax : (301) 454-8346. E-mail :
zafiriou@cacse.src.umd.edu
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1 QDMC (Quadratic Dynamic Matrix Control simu-
lation)

1.1  Algorithm and Purpose

This is a simulation program for QDMC with or without hard constraints. Given the plant
and model transfer functions, the QDMC tuning parameters and constraints, this program
simulates the control system for specified setpoint changes or disturbances. The program
also computes at every sampling time the stability conditions developed in [1,2]. QDMC
consists of a subroutine that solves the QDMC optimization problem and which is linked
to the CONSYD simulation program SCONVO. The software package QPSOL is used in
the subroutine to solve the Quadratic Program. The program can run on the VAX/VMS
system only.

The QDMC objective function is described below :

P

: EA T2 (R 4 1) + uelk + 1 — 1) B (b +1 - 1)
Au(l‘c),...,rélil(th_l);[e( ) Lie(k 4+ 1) + uc(k + ) Biue( )

+ Au(k +1-1)"D?Au(k +1—-1)) (1)

The minimization of the objective function is carried out over the values of Au( k), Au(k +
1),..., Au(k + M — 1), where k is the current point and M is a specified parameter. The
value of u is assumed to be constant after k + M — 1.

ue ¢ u — U, (u,u, : manipulated variable and its set point vector which is usually set to
zZero) .

y : output vector.

e : error vector = setpoint minus predicted output.

M : number of moves in the future to be optimized.

P : prediction horizon.

B, : diagonal weight matrix for u. It is constant for [ = 1,..., M — 1 and zero afterwards.
D, : diagonal weight matrix for Aw. It is constant for [ = 1,..., M — 1 and zero afterwards.
[') : output weight diagonal matrix. If [ is in the penalty window [{;,(.;] of output i, then
its ith diagonal element is equal to the penalty for output i, otherwise it is equal to zero.
(£s; : starting point of penalty window for output i, {; : ending point of penalty window for
output i).

The optimization is subject to lower and upper constraints on the following, in the given
order :

[Au(k)T, .., Aulk + M — 1) w(k)T, . ulk+ M =0Ty + D7, Lyl + P (2)

The constraints on y;(k + j) are omitted if j is outside the constraint window for output
i, i.e., j not in [(y, Cei], where (; is the starting point for constraint on output 1, and ¢, is
the ending point for constraint on output i).



1.2 Input

The continuous plant as a CIC file.
) If the stability conditions p(F?.) are required to be calculated,then the discrete plant DIC
file is required.
4) QDMC parameters entered interactively or via a file.
The file format is :

1) The discrete process model as a DIC file.
2)
3

write(15,*) m,mni,ip,(icbout(i),i=1,noup)

write(15,%) (gl(i),i=1,noup),(iceout(i),i=1,noup)

write(15,*) (iwbout(i),i=1,noup),(iweout(i),i=1,noup)
write(15,*) (dl(i),i=1,ninp),(setman(i),i=1,ninp)

write(15,*) (ddl(i),i=1,ninp),(blm(i),i=1,ninp)

write(15,%) (bum(i),i=1,ninp),(bld(i),i=1,ninp)

write(15,%) (bud(i),i=1,ninp),(bly(i),i=1,noup),(buy(i),i=1,noup)
m : M.

ip: P.

ninp : number of inputs.

noup : number of outputs.

mni : M*ninp.

gl : penalty weight matrix for outputs.

icbout : starting points of constraint window for outputs.
iceout : ending points of constraint window for outputs.
iwhout : starting points of penalty window for outputs.
iweout : ending points of penalty window for outputs.
dl : penalty weight matrix for u.

ddl : penalty weight matrix for Au.

blm : lower bounds for u.

bum : upper bounds for u.

bld : lower bounds for Auw.

bud : upper bounds for Au.

bly : lower bounds for outputs.

buy : upper bounds for outputs.

setman : set points of manipulated variables.

5) Constraint violation bound (tolerance). Output set points. The disturbances.

1.3 Output

1) The plots for the outputs, inputs, stability condition (computed for the actual plant used
in the simulation).

2) Input, output data files by choosing the ‘save’ option.

3) The data file “form.dat;1” is produced automatically, but it will be overwritten next time



one runs the program. It lists the values of the necessary (rho) and sufficient (suff) condi-
tions, as well as the constraint status at the QP solution at every sampling point.

form.dat;1 :
write(9,%) t,rho,suff,(istate(i),i=1,nctotl)

t : time.

rho : necessary condition (p(£7.)).
suff : sufficient condition.

1state : J; sets.

nctotl : total no. of constraints.

J; is defined as the set of indices of the active constraints at the optimum of the Quadratic
Programming problem. It can be described by a vector corresponding to the above con-
straints (2). The meaning of the value for each element is the following: there are only three
labels (0,1,2) to express the constraint status at the optimum:

0 : the constraint is strictly satisfied.
1 : lower bound active.
2 : upper bound active.

For example :

(10210 ...] (3)

The first ‘1’ corresponds to Awug(k) that means the change on the 1st input is at on its lower
bound at k sampling point. The second ‘0’ corresponds to Auy(k), meaning that the change
on the 2nd input lies between its bounds at k sampling point, etc. For a detailed example.
see section 1.6.

1.4 Limitations and Warnings

1) Maximum number of inputs = nout, and maximun number of outputs = nout. The de-
fault value of nout is 3 (dimension setting parameter for variables).

2) Maximum number of points in file ***.cic should be less or equal 2048.

3) The truncation number (includes the coefficient for time = 0) of ***.dic file + P < 150.
4) 2*M*ninp + constraint window*noup < 100*nout.

5) P*ninp < 25*nout.

6) M*ninp < 25*nout.

Whether nout can be increased or not depends on the computer memory. The nout value is
set in file ‘DIMEN.FOR/’. After changing nout, one should compile ‘DIMEN.FFOR’ and relink
with ‘QDMC.OBJ’ and ‘SCONVO.OBJ’.



1.5 Required software packages

1) CONSYD : sconvo_dim.for, which is a modified version of sconvo that allows for variable
plant dimension (dimen.for). 2) contr.for, cpar.for, post.for, qphesl.for. 3) Consydlib/lib,
gpsol/lib, linpack/lib, seispack/lib (single precision version).

1.6 Example

1.6.1 Input

1) Model transfer function

4,05 273 1,77 —28¢
Y| _ 50s+1 60s+1 U1 (4)
y 5.39¢ 188 5 72— 14s Us
2 50s+1  60s+1

2) Plant transfer function

1.94e727¢ 1.38¢728¢
Y1y _ 50s+1  60s+1 Uy
- 2.1e718¢ 5 15— 14¢

7 u
Y2 50s+1  60s+1 2

3) QDMC tuning parameters

T = 6 (sampling time), P =6, M =2, B=D = 0.
I'= 17 gsl = 17 Eel - 67 ZsZ - 13 €e2 = 67 Csl - 57 (el = 67 CS2 = 37 <-62 = 4.

4) Constraints

—-05<y <05, —05<u<05, —03<Au<0.3
5) Setpoints

r1=0, ro=0

6) Disturbances

Step disturbances for outputs :

-0.5/s for yy1, and 0.5/s for ys,.

1.6.2 Output



1) The outputs plot :
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3) The necessary stability condition :

2 -y

11

rho

0.5~

o T T T Al T L A T T T Y Y T ¥ ]
o 100 200 300
SIMULATION TYIMK

4) The active set (J;) described by the istate vector in the data file ‘form.dat’. In this casc
istate has 12 elements. The elements of this vector correspond to the elements of vector (6).
The initial constraint point for output 1 is 5, and for output 2is 3 ( (2 =3, (51 =5 ). The
ending counstraint point for output 1 is 6, and for output 2 is 4 ( (2 = 4, (1 = 6). llence
the elements in istate correspond to the following order :

[ Auwi(k) Aug(k) Aug(k+1) Aug(k+1) (k) ua(k) ug(k+ 1)
ya(k +3) yalk +4) yi(k+5) yi(k+6) ]



2 CJI(QDMC “equivalent” feedback linear controllers)

2.1 Algorithm and Purpose

This program uses the process model and QDMC tuning parameters to create the discrete
linear feedback controller that corresponds to a particular set of QDMC active constraints,

for stability analysis purposes. The program produces a frequency data file for the controller.
This program can run on UNIX or VAX/VMS systems.

For the definition and use of this controller see [1,2].

2.2 Input

1) The discrete process model as a DIC file. On the VAX/VMS system, where CONSYD
is available, use the unformatted file ‘xxx.DIC’ directly created by CONSYD. On a UNIX
system, the file structure is the same but it is a formatted file.

The file format is :

read(1,*) noup, ninp, simtim, npoint, satim
do 10 i=1,npoint
10 read(1,*) ((G(L1,1.2,i),1.1 =1,noup), L2 =1,ninp)
close(1)
G : impulse response coeflicients.
noup : number of outputs.
ninp : number of inputs.
simtim : simulation time = satim*(npoint-1)
npoint : number of points, evenly spaced from 0 to simtim(truncation number).
satim : sampling time.

2) QDMC parameters and constraints; see the section for program QDMC.

3) Number of frequencies and minimum frequency. The maximum frequency is /7', where
T is the sampling time.

4) The J; set as a formatted data file.

The format is :

read(7,%) (istate(i),i=1,nctotl)

istate : J; set. For a detailed description of istate see the section for program QDMC.
nctotl : total number of QDMC constraints.

2.3 Output

1) The Cy(z) frequency lile “xxx.DFFC” is formatted in UNIX version or unformatted in
VAX/VMS version.

write(9,*) ninp,noup,nf,wmin,wmax,iflag,ainc,T



write(9,*) w,((rea(i,}),aim(i,j),j=1,ninp),i=1,noup)

w : frequency ( wmin to wmax = x/T).
rea : real part of C; at frequency w.

aim : imaginary part of Cj, at frequency w.
ninp : number of inputs.

noup : number of outputs.

T : sampling time.

satim : sampling time.

nf : no. of frequency.

wmax : maximum frequency.

wmin : minimun frequence.

iflag : equal to 3 which means expotential frequency spacing.
ainc : frequency step.

ainc = (wmax/wmin)**(1/(inum-1))

inum : number of frequencies.

Note for CONSYD users : The output file on the VMS version is a standard CONSYD
file.

2.4 Limitations and Warnings

1) The dimension setting parameter is nout=3 in the UNIX version, and nout=2 in VAX/VMS5
version. The nout can be changed in the command line ‘parameter(nout=3)’ of the prograin
in the UNIX version or the file dimen.for in the VAX/VMS version. The others are the same
as those of program QDMC.

2.5 Required software packages

1) linpack/lib (single precision version).

2.6 Example
2.6.1 Input

1) Model transfer function

4.05¢ 727 1.77e 8¢
oy 50s+1 60s+1 !
— 5.39¢—18s 5 79, —14s .

1
Y2 50511 60511

2) QDMC parameters

T = 6 (sampling time), P =6, M =2, B =D = 0.

10



P=1, ly=1, la=6, {o=1, Ly=6, (;x=5, (a=06, (2=3, Cez = 4.
3) Constraints
05<y <05 —0.5<u<05 —03<Au<03

4) A set J; (file for istate) :
e.g.
[00000000O0O0O0O0 0 ](noactive constraints)
or
[

10010000000 0 ](Aug(k)and Auy(k + 1) lower constraints active)

2.6.2 QOutput
1) The frequency file “xxx.DFC”.

11



3 CJINOM (Nominal stability test of the QDMC “equiv-
alent” feedback linear controllers)

3.1 Algorithm and Purpose

This program uses the process model and the QDMC parameter to create a matrix whose
eigenvalues are the close-loop poles that correspond to each QDMC “equivalent” feedback
linear controller Cj, [1,2]. This program can run on UNIX or VAX/VMS system.

For a description of the QDMC “equivalent” feedback linear controller see the CJI section,

and for related QDMC material see the QDMC section.

3.2 Input

1) The discrete process model as a DIC file. On the VAX/VMS system, where CONSYD
1s available, use the unformatted file ‘xxx.DIC" directly created by CONSYD. On a UNIX
system, the file structure is the same but it is a formatted file.

The file format is :

read(1,*) noup, ninp, simtim, npoint, satim
do 10 i=1,npoint
10 read(1,*) ((G(L1,L2,1),L.1 =1,noup), L2 =1,ninp)
G : impulse response coefficients.
noup : number of outputs.
ninp : number of inputs.
simtim : simulation time = satim*(npoint-1)
npoint : number of points, evenly spaced from 0 to simtim(truncation number).
satim : sampling time.

2) QDMC parameters and constraints; see the section for program QDMC.
3) The J; sets as a formatted data file.
The format is :
do 10 k= 1, ncji
10 write (7,%) (istate(i),i=1,nctotl)

ncji : total number of C, for which stability is to be checked.
istate : J; set. A detailed description of istate see the section for program QDMC.
nctotl : total number of QDMC constraints.

3.3 Output

1) A data file containing the absolute value (distance from the origin) of the largest close-loop
pole (on Z-domain) corresponding to each QDMC “equivalent” feedback linear controller () .
The file format is :

write(1,*) (distmax(i), i=1,ncji)



ncji : total number of Cj, (number of istate vectors entered via the input file to the program).

2) A data file containing the coeflicients of the denominator polynomial of the closed-loop
transfer function between u and r. The file name is “gradp.dat;1” overwritten every time
the program runs.
The format is :

do 10 ki= 1, ncji

do 10 k= npoint-1,1,-1
10 write (7,*%) ((delpp(i,j,k), i=1,ninp), j=1,ninp)

delpp : coefficients of denominator polynomial of closed-loop transfer function between u
and r.

ncji : total number of Cy,.

npoint : truncation number.

ninp : the number of manipulated variables.

3.4 Limitations and Warnings

1) The dimension setting parameter is nout=3 in the UNIX version, and nout=2in VAX/VMS
version. The nout can be changed in the command line ‘parameter(nout=3)’ of the prograim
in the UNIX version or the file dimem.for in the VAX/VMS version. The others are the
same as those of program QDMC.

3.5 Required software packages

1) linpack/lib, eispack/lib (single precision version).

3.6 Example
3.6.1 Input

1) Model transfer function

4.056727° 1,777 %8¢
Yo | — | Ts0stl_ 60stl t (8)
ya | 5.39¢7'8* 5.72¢~ 14¢ Us
2 50s+1  60s+1

2) QDMC parameters

T = 6 (sampling time), P =6, M =2, B=D = 0.
17 251 - 17 Eel = 67 632 = 17 662 - 67 gsl = 57 (el = 61 (;52 = 3a §e~2 = 4.

3) Constraints

13



—05<y <05, —05<u<05, -03<Au<03
4) The J; sets (istate vectors) :

0000000000 O ]
0000000O00O00O0O]

—r— D

2.
0
2

3.6.2 Output

1) The data file “xxx.dat” contains

I 0.906797
2 1.000000

The first number 1,2 corresponds to each J; set, and the data are the absolute value (dis-
tance from the origin) of the largest close-loop pole (on Z-domain) corresponding to each .J;
set.

14



4 CJISEP (Separation of QDMC “equivalent” feed-
back linear controllers into tuning parameter de-
pendent and independent sets)

4.1 Algorithm and Purpose

This program checks whether a QDMC “equivalent” feedback controller Cj, [1,2] depends or
not on the parameters of the objective function. A procedure described in [4] is used. This

program can run on UNIX or VAX/VMS systems.

4.2 Input

1) The discrete process model as a DIC file. On the VAX/VMS system, where CONSYD
is available, use the unformatted file ‘xxx.DIC’ directly created by CONSYD. On a UNIX
system, the file structure is the same but it is a formatted file.

The file format is :

read(1,*) noup, ninp, simtim, npoint, satim
do 10 i=1,npoint
10 read(1,*) ((G(L1,1.2,i),L1 =1,noup), L2 =1 ninp)
close(1)
G : impulse response coefficients.
noup : number of outputs.
ninp : number of inputs.
simtim : simulation time = satim*(npoint-1)
npoint : number of points, evenly spaced from 0 to simtim(truncation number).
satim : sampling time.

2) QDMC parameters and constraints; see the section for program QDMC.
3) File containing J; sets as a formatted data file.
The format 1s :
do 10 k= 1, ncji
10 write (7,%) (istate(i),i=1,nctotl)

ncji : total number of C, entered.

istate : J; set. A detail description of istate see the section for program QDMC.

nctotl ; total number of QDMC constraints.

4) Tolerance used to check whether a small value is zero or not in a matrix is set by the user
and the default value is 1073,

15



4.3 Output

1) File containing J; sets that correspond to QDMC tuning parameter independent C';,(z).
File name is specified by user.

write(9,*) (istate(i),i=1,nctotl)

2) File containing J; sets that correspond to QDMC tuning parameter dependent ' (z).
File name is specified by user.

write(10,*) (istate(i),i=1nctotl)

4.4 Limitations and Warnings

1) The dimension setting parameter is nout=3 in the UNIX version, and nout=2 in VAX/VMS
version. The value of nout can be changed in the command line ‘parameter(nout=3)’ of the
program and subroutine ‘rankget’ in the UNIX version or the file dimen.for in the VAX/VMS
version. The others are the same as those of program QDMC.

4.5 Required software packages

1) linpack/lib (single precision version).

4.6 Example
4.6.1 Input

1) Model transfer function

4.05¢ =278 1. 7728 u
Vi ) _ 50s+1 60s+1 1 (9)
- 5.39e 188 5 72¢—14s .

Y2 50511 60s+1

2) QDMC parameters

T = 6 (sampling time), P =6, M =2, B=D = 0.
I'= 1> Esl - 17 gel = 6, 632 = 1, ée? = 6; Csl - 57 Cel - 67 Cs? = 3’ §62 = 4.

3) Constraints
—05<y <05, —05<u<05 —03<Au<03

4) The sets J; (file for istate) :

[
[
[
[

[\D[\D[\DOCEQ
i e = ]
—_— o O O
o O O O
oo OO
jen e B en S e}
OO OO
oo o O
e Rl vl e B el
o o o o
[an i e B an B @]
o O OO

16



4.6.2 Output

1) Two data files. One is for the independent sets :

| 0 ]
[ 0 ]

and the other is for the dependent sets :

[ 000000O0O0O0 ]
[ 000000O0O0O |

10000000600
1100000000

[SVI N

b O

00
00

17



5 PREL (Practical relevance of a set of QDMC active
constraints)

5.1 Algorithm and Purpose

Based on the QDMC tuning parameters and the process model, the program can decide
if a certain set of active constraints at the optimum of the Quadratic Program that is
solved on-line is relevant. A set is considered relevant if the particular combination of active
constraints at the optimum can actually occur during the operation of the control system. If
the problem has no feasible solution, then the fact that for that particular combination the
stability conditions might not be satisfied, is of no practical importance [1,2,3]. The variables
for this program are the past N (truncation number) inputs v under the given constraints on
them and Au as in QDMC, and the current output measurements y(k). Bound estimates for
the current output measurement and the difference between current output measurements
and the model outputs (y(k) — §(k)) must be given by the designer (not necessarily equal to
the bound of outputs in QDMC). The bounds for the model outputs §(k) are the same as

the output bounds in QDMC. This program can run on UNIX or VAX/VMS system.

5.2 Input

1) The discrete process model as a DIC file. On the VAX/VMS system, where CONSYD
is available, use the unformatted file ‘xxx.DIC’ directly created by CONSYD. On a UNIX
system, the file structure is the same but it is a formatted file.

The file format is :

read(1,*) noup, ninp, simtim, npoint, satim
do 10 i=1npoint
10 read(1,*) ((G(L1,L2,i), L1 =1,noup), L2 =1,ninp)
close(1)
G : impulse response coefficients.
noup : number of outputs.
ninp : number of inputs.
simtim : simulation time = satim™(npoint-1)
npoint : number of points, evenly spaced from 0 to simtim(truncation number).
satim : sampling time.

2) QDMC parameters, including upper and lower constraint bounds for u, Awu,y.
3) Bounds on past plant outputs and difference between plant outputs and model outputs

((F) — 5(F)).
4) The J; set as a formatted data file.
The format is :
do 10 k=1, ncji
10 write (7,%) (istate(i), i=1,nctotl)

18



ncji : total number of Cy..
istate : J; set. A detailed description of istate see the section for program QDMC.
nctotl : total number of QDMC constraints.

5) A special version of this program (PREL0O) assumes past inputs equal to zero. One
can accomplish the same by setting the corresponding bounds equal to zero in PREL, but
PRELO runs faster.

6) Tolerance used to check whether the small singular value in rank checking of a matrix is
zero or not is set by the user and the default value is 1075,

5.3 Output

1) A data file containing the results for the tested J; sets, separated into relevant and not
relevant sets. The file name is specified by the user.
The format is :
do 10 k= 1, ncji
10 write (7,%) (istate(i),i=1,nctotl), satement

ncji : total number of (.
istate : J; set. A detail description of istate see the section for program QDMC.
nctotl : total number of QDMC constraints.

statement : “Relevant” means this active set is of practical relevance; “Not Relevant” means
it is not.

2) A data file containing for each J; a sequence of past manipulated variables and cur-
rent output measurements {or which the J; set is relevant. The file name is specified by user.
The format is :

do 20 k= 1, ncji

do 10 1= 1, npoint-1
10 write (7,%) (u(i,j),j=1,ninp)
20 write (7,%) (y(m),m=1,noup)

ncji : total number of Cy,.

npoint : truncation number.

ninp : the number of manipulated variables.
noup : the number of output variables.

u: a sequence of past manipulated variables.
y : the solution of output variables.

5.4 Limitations and Warnings

1) Setpoints are set to zero, and the constraints have to be symmetric.
2) The dimension setting parameter is nout=3 in the UNIX version, and nout=2 in VAX/VMS

19



version. The value of nout can be changed in the command line ‘parameter(nout=3)’ of the
program in the UNIX version or the file dimem.for in the VAX/VMS version. The others
are the same as those of program QDMC.

5.5 Required software packages
1) gpsol/lib, linpack/lib (single precision version).

5.6 Example
5.6.1 Input

1) Model transfer function

4.05¢—27¢ 1, 77¢28¢

Yv | _ | Ts0s¥1 60st1 U1 (10)

Ya T | 5.39e18¢ 5790714 '
50s+1 60s+1

2) QDMC parameters

T = 6 (sampling time), P =6, M =2, B=D = 0.
F:L 631:53 €e1:63 632:37 ’662:67 C51:5> C61:67 C32:37 662:4'

3) Constraints

—0.5<9g <05, —0.5<u<0.5, —0.3 <Au<0.3, (: model output).
—o0 <y < oo, (y: present output measurement).
—05<y—9y<05

4) The J; sets (istate vectors) :
00
00

e.g.
[21000
[21100

00000 ]
00000 ]

00 Relevant
00 Relevant
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6 ALLPREL (Search.for the practically relevant sets
of QDMC active constraints)

6.1 Purpose

This program finds the practically relevant sets of QDMC active constraints. For a discussion
of the search procedure see [3]. The variables for this program are the past N (truncation
number) inputs v under the given constraints on them and Au as in QDMC, and the current

output measurements y(k). Bound estimates for the current output measurement and the

difference between current output measurements and the model (y(k) — (%)) must be given
by the designer (not necessarily equal to the bound of outputs in QDMC). The bounds for
the model outputs (k) are the same as the output bounds in QDMC. This program can run
on UNIX or VAX/VMS system.

6.2 Input

1) The discrete process model as a DIC file. On the VAX/VMS system, where CONSYD
is available, use the unformatted file ‘xxx.DIC’ directly created by CONSYD. On a UNIX
system, the file structure is the same but it is a formatted file.

The file format 1s :

read(1,*) noup, ninp, simtim, npoint, satim
do 10 i=1,npoint
10 read(1,*) ((G(L1,L2,i), L1 =1,noup), L2 =1,ninp)
close(1)
G : impulse response coefficients.
noup : number of outputs.
ninp : number of inputs.
simtim : simulation time = satim*(npoint-1)
npoint : number of points, evenly spaced from 0 to simtim(truncation number).
satim : sampling time.

2) QDMC parameters, including upper and lower constraint bounds for u, Au, y.

3) Bounds on past plant outputs and difference between plant outputs and model outputs
() - 5(B)).

4) A special version of this program (ALLPRELO) assumes past inputs equal to zero. One

can accomplish same by setting the corresponding bounds equal to zero in ALLPREL, but
ALLPRELQ runs faster.

5) Tolerance used to check whether the small singular value in rank checking of a matrix is
zero or not is set by the user and the default value is 1073,

6.3 Output

1) All the “relevant” sets of QDMC constraints (J;) (file name is specified by user).
file format :
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do 10 i=1,totl
10 write(20,*) (istate(i), i=1,nctotl)

totl : total number of relevant istates.
istate : J; set. For a detail description of istate see the manual for program QDMC.
nctotl : total number of QDMC constraints.

2) The following report: (file name is specified by user).

file format :
Total possible J;s = (integer number)
Enumerated J;s = (integer number)
J;s that failed the 1st criterion = (integer number)
J;s that failed the 2nd criterion = (integer number)
J;s that failed the 3rd criterion = (integer number)
Relevant J;s = (integer number)

The meaning of the three criteria is explained in [3].

6.4 Limitations and Warnings

1) Setpoints are set to zero, and constraints have to be symmetric.

2) The dimension limitation of istate (elements of a J; set) is 20 (only for this program). To
increase the dimension, the user has to modify the Fortran code. Instructions on how to do
that are included as comments in the source code. To locate them in the file, search for the
keyword increase_dimension.

3) The dimension setting parameter is nout=3 in UNIX version, and nout=2 in VAX/VMS
version. The value of nout ca n be changed in the command line ‘parameter(nout=3)’ of the
program and subroutine ‘FEAB’ in the UNIX version or the file dimem.for in the VAX/VMS

version. The others are the same as those of program QDMC.

6.5 Required software packages
1) gpsol/lib, linpack/lib (single precision version).

6.6 Example
6.6.1 Input

1) Model transfer function

y 4.05e 7278 1, 7728+ u
1 _ 50s+1 60s+1 1
- 5.39215185 5_72:1%45 (11 )

u
Y2 50541 60541 2

2) QDMC parameters
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T = 6 (sampling time), P =6, M =2, B =D = 0.
I'= 17 gsl = 57 gel - 67 Es2 - 3) ZeZ = 67 Csl = 57 Cel - 67 §s2 = 3) CeZ = 4.

3) Constraints

-0.5<7<0.5, —0.5<u<0.5, —0.3 <Au<0.3, (¢ : model output).
—00 <y < 00, (y: present output measurement).
—05<y—-y<05

6.6.2 Output

1) Report of the ‘relevant’ active constraint sets (J;) as follows :

Enumerated Jis = 3435

Jis that failed the 1st criterion = 1790
Jis that failed the 2nd criterion = 198
Jis that failed the 3rd criterion = 1052
Relevant Jis = 395
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