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| NVENTI ON 100011The present invention relates to a nethod for nodifying
nodel gaiworradsii2ess. I n particular, the present inventi eoTrisk@ress7s® nodel
predi ctive process control applications, such as Dynamic Matrix Contro

(DMC or DMCpl us) from Aspen Technol ogy (See e.g. U.S. 4,349,869) or R1VI PCT
from Honeywell (See e.g. U S. 5,351,184). It could also be used in any
application that involves using a Linear Programto solve a problemthat

i ncl udes uncertainty (for exanple, planning and scheduling prograns such as
Aspen PI MSTR4). [0002]Multivariable nodells are used to predict the
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the controller, and the controlled variables are potential constraints in the
process. For multivariable controllers, the models include dynamic and steady-

state relationships.

[0003] Most multivariable controllers have some kind of steady-state
economic optimization imbedded in the software, using economic criteria along
with the steady-state information from the model (model gains). This is a
similar problem to planning and scheduling programs, such as Aspen PIMS, that
use a linear program (LP) to optimize a process model matrix of gains between

independent and dependent variables.

[0004] For process models, there is almost always some amount of
uncertainty in the magnitude of the individual model relationships. When
combined into a multivariable model, small modeling errors can result in large
differences in the control / optimization solution. Skogestad, et al., describes the
Bristol Relative Gain Array (RGA) to judge the sensitivity of a controller to

model uncertainty. The RGA is a matrix of interaction measures for all possible



where x denotes el enent by elenment nultiplication (Schur product). In the
general case, the nodel G can be dynam c transfer functions. For the

pur poses Wb 2008284701 Nng this i nvention we only consi der Prhe/tst@adys’st at e
behavi or of the controller, and the nodel Gis only a matrix of nodel
gains, but the invention not intended to be so limted. [0005] Two main
approaches for dealing with these sensitivity problens (indicated by |arge
RGA el enents) are possible. One approach is to explicitly account for nodel
uncertainty in the optimzation step (See e.g. U S. 6,381,505). Another .
approach is to make small changes to the 2mdel, ideally within the range of
uncertainty, to inprove the RGA el enents. The present invention is a

process fog;.l i e d roach. 100 Cur r ent | . net hods
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make the sub-matrix less singular. Applying this process sequentially to all

problem sub-matrices is very time-consuming due to the iterative nature of the
work process. Depending on the density of the overall matrix, changing one
gain in the matrix may affect many 2x2 sub-matrices. In other words, improving

(decreasing) the RGA elements for one 2x2 sub-matrix may cause RGA



- 4 - [0009]inproved but the magni tude of possible change is increased. The
entire matrix, or the selected sub-matrix, is nodified using the sanme (or
rel at ed) wogassi2iMmbase. This invention may be used for powluszaanissd e
predictive control applications, such as nultivariable predictive control
applications selected fromthe group of DMCplus and RMPCT, anong ot hers.
The multivariable predictive control may be applied to control

manuf act uri ng processes, such as those found in a petroleumrefinery, a
chem cal plant, a power generation plant, including nuclear, gas or coal
based, a paper manufacturing plant. ExampBes of petroleymrefinery process
units include at |east one selected fromthe group of crude distillation

unit, vacc St ' s I [otreater,
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[0008] In practice, the modification of a matrix to improve its RGA
properties is often neglected, resulting in relatively unstable behavior in the
optimization solution, particularly if a model is being used to optimize a real

process and model error is present.

SUMMARY OF THE INVENTION

The current invention is a technique for modifying model gain matrices.
Specifically, the technique improves 2 x 2 sub-matrix Relative Gain Array
elements that make up a larger model matrix. The technique involves taking the
logarithm of the magnitude of each gainina2 x 2 sub-matrifc, rounding it, and
then reversing the logarithm to obtain a modified sub-matrix with better RGA
properties. The base of the logarithm is adjusted to balance the relative
importance of accuracy versus improvement in the RGA properties. As the base

of the logarithm is increased, the RGA properties of the sub-matrix are



BRI EF DESCRI PTION OF THE DRAW NG [0012]FIG 1 is a flow diagram
Illustrating a sinple distillation unit having two i ndependent vari abl es
and two cwotnedzed9ovari abl es. DETAI LED DESCRI PTI ON OF TIFETRREMERREEY
EVMBODI MENTS [0013] A detail ed description is denonstrated by an exanpl e
probl em Consider a predictive nodel with 2 independent variables and 2
dependent variables. The gain matrix represents the interaction between
bot h i ndependent vari abl es and both dependent variables. Table 1 shows an
exanpl e of a 2x2 nodel prediction matrix. [0014] A sinple |ight ends
distillation tower can be used as a procebs exanple for this problem In
this case, as shown in Fig. 1, 1INDl is the reboiler steaminput, IND2 is
the reflux rate, DEP1 is the C5+ (pentane and heavier) concentration in the

over head p[0f09¢t st irmprovedrishtBERZnaghituie sPpossible @hange s ircaddsed) The
concentration in the boftons product stream In this exanple problem the
rel ative efREEIRatEH,O5dhe gple magrix; isiragdified yeipg the samg(or relatad) gai n
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i ncr eased, applica6idns, suvht semaltivdiistde ipeedictise contidl hpgliéticns stlédied Bih ons
product decrease. Wen the reflux rate is increased, the C5 s in the

over head pth§carerp addPiisplus gad RMIPL; ampngathersotkhsnanultivariahle ipreditive.
T 1. ERRIIARE nES B Th AR AR Y BRRRE e B R0,
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nuclear, gas or coal based, a paper manufacturing plant. Examples of petroleum
refinery process units include at least one selected from the group of crude
distillation unit, vaccuum distillation unit, naphtha reformer, naphtha
hydrotreater, gasoline hydrotreater, kerosene hydrotreater, diesel hydrotreater,
gas oil hydrotreater, hydrocracker, delayed coker, Fluid Coker, Flexicoker,
steam reformer, sulfur plant, sour water stripper, boiler, water treatment plant
and combinations of the above. Additionally, this invention may be used in

conjunction with LP models, such as PIMS.

[0010] This invention greatly simplifies the process of modifying a model
matrix to improve RGA properties. In general, all elements in the entire matrix
are modified on the first iteration, and the resulting matrix is guaranteed to have
no singlé 2 x 2 sub-matrix RGA element larger than the desired threshold. The
invention is ideally suited for implementation via a computer algorithm, and
therefore the time required to modify each sub-matrix and the overall matrix can

be greatly reduced once the algorithm is generated.
[0011] The present invention includes the following:

1. The application of a logarithmic rounding technique to modify

individual values in a matrix.



DEP1DEP2 (%CS+ OYU) (%4- Munm) I ND1 (Rebutter Steam) 37-27 IND2 (Refl ux
Rat e) - 3022 [0016] The fornula for Relative Gain Array is: RGA(Q=&x(G1)T
[0017] I f wbeod@a4470r nul a is applied to our exanple 2 x 2cCprusbéoenistshe
result is the 2 x 2 array: TABLE 2 203.5-202.5 -202.5203.5 [0018] These RGA
el ements have a very high magnitude, which is undesirable. |If the maxi num
accept abl e RGA el enent nmagnitude is chosen to be 18, for exanple, the
following formula can be used to calculate the | ogarithmbase that will be
used to nodify the matri x.

-5-
2. The technique for calculating the logarithm base to be used in the
rounding process given the desired maximum RGA elements for any 2x2 sub-

matrix in the final matrix.

3. The technique for calculating the logarithm base to be used in the
rounding process given the desired maximum percentage change allowed for any

value in each sub-matrix or in the overall matrix.
4. The technique for restoring collinear 2x2 sub-matrices that have

been made non-collinear by the logarithmic rounding process.

5. The technique for forcing 2x2 sub-matrices in the final matrix to
be either exactly collinear or non-collinear. These and other features are

discussed below.

BRIEF DESCRIPTION OF THE DRAWING

[0012] FIG. 1 is a flow diagram illustrating a simple distillation unit having

two independent variables and two controlled variables.
DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS

[0013] A detailed description is demonstrated by an example problem.
Consider a predictive model with 2 independent variables and 2 dependent
variables. The gain matrix represents the interaction between both independent
variables and both dependent variables. Table 1 shows an example of a 2x2

model prediction matrix.

[0014] A simple light ends distillation tower can be used as a process
example for this problem. In this case, as shown in Fig. 1, IND1 is the reboiler
steam input, IND2 is the reflux rate, DEP1 is the C5+ (pentane and heavier)
concentration in the overhead product stream, and DEP2 is the C4- (butane and
lighter) concentration in the bottoms product stream. In this example problem,

the relative effects on the two product qualities are very similar, from a gain



-7- LOGBASE -1.0588235...(2) [i 1
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ratio perspective, regardless of which independent variable is manipulated.
When reboiler sfeam is increased, the C5's in the overhead increase, and the C4's
in the bottoms product decrease. When the reflux rate is increased, the C5's in
the overhead product decrease, but the C4's in the bottoms product increase. The
two independent variables have similar, but opposite, effects on the two

dependent variables.

[0015] The gain matrix represents the interaction between both independent

variables and both dependent variables.

TABLE 1
DEP1 DEP2
(%C5+ Ovhd)  (%C4- Btms)
IND1
(Reboiler Steam) 37 27
IND2
- 2
(Reflux Rate) 30 2

[0016] The formula for Relative Gain Array is:
RGA(G)= Gx(G™)T 1)

[0017] If the RGA formula is applied to our example 2 x 2 problem, the

result is the 2 x 2 array:

TABLE 2
203.5 -202.5
-202.5 203.5

[0018] These RGA elements have a very high magnitude, which is
undesirable. If the maximum acceptable RGA element magnitude is chosen to
be 18, for example, the following formula can be used to calculate the logarithm

base that will be used to modify the matrix.



MAX RGA] [ 18 1 1 - [ 0019] For each gain in the original matrix, the

| ogarithm of the absolute value of the nunber with the base chosen from
above (1.Wb28&AB4479) i s cal culated, resulting in the nmatcrasgiwem7sn Tabl e
3. TABLE 3 DEP1DEP2 IND 1 63.17386488 57.66144728 | ND2 59. 50475447

54. 07852048 [0020] I n the preferred enbodi nent, each of these nunbers is
rounded to the nearest integer. The fornula provided in equation 2 applies
to the case where the rounding desired is to the nearest whol e nunber
(integer). In the event that rounding is desired to the nearest single
decimal (1/10), then nultiply the LOGBASH <€al cul ated in equation 2 by 10.
In the event that rounding is desired to the nearest two decimals (1/100),
then multiply the LOGBASE caIcTIated in equation 2 by 100. This method is

applicabl e to ah@plRAFEe =1y05882p3.y nuti @@)i ng the
LOGBASE cal cul ated in eqpption 2 by thelllD_ltFi sed to the power
| st des8 fed. The resulting integer

correspondi ng to the nunper MdXdeRd
matrix is shown in Table 4. TABLE 4 P1DEP2

[0019] For each gain in the original matrix, the logarithm of the absolute

=

value of the number with the base chosen from above (1.0588235...) is

calculated, resulting in the matrix given in Table 3.

TABLE 3
DEP1 DEP2

IND1 63.17386488 57.66144728

IND2 59.50475447 54.07852048
[0020] In the preferred embodiment, each of these numbers is rounded to
the nearest integer. The formula provided in equation 2 applies to the case
where the rounding desired is to the nearest whole number (integer). In the
event that rounding is desired to the nearest single decimal (1/10), then multiply
the LOGBASE calculated in equation 2 by 10. In the event that rounding is
desired to the nearest two decimals (1/100), then multiply the LOGBASE
calculated in equation 2 by 100. This method is applicable to any degree of
decimal precision by simply mutiplying the LOGBASE caléulated in equation 2
by the 10 raised to the power corresponding to the number of decimals desired.

The resulting integer matrix is shown in Table 4.

TABLE 4

DEP1 DEP2
IND1 63 58
IND2 60 54

[0021] The gains are recalculated by taking the logarithm base from
formula (2) to the integer powers shown in TABLE 4. Where the original gain
was a negative number, the result is multiplied by -1. Applying these steps

results in the modified gain matrix shown in Table 5.



| ND16358 | ND26054 [ 0021] The gains are recal cul ated by taking the | ogarithm
base fromfornula (2) to the integer powers shown in TABLE 4. \Were the
origi nal weizosnas47a negative nunber, the result is nultippiriusdodop187se

Appl ying these steps results in the nodified gain matrix shown in Table 5.
- 8 - TABLE 5 DEP1DEP2 | ND136.63412093-27. 52756876

IN112-30. 8613573621. 90148291 [0022] If the RGA formula is applied to this
matri x, the highest RGA el enent magnitude is equal to our desired nmaxi num
val ue shown in Table 6. TABLE 6 -1718 18-17

-8-
TABLE §
DEP1 DEP2
IND1 36.63412093 -27.52756876
IND2 -30.86135736 21.90148291
[0022] If the RGA formula is applied to this matrix, the highest RGA

element magnitude is equal to our desired maximum value shown in Table 6.

TABLE 6

-17 18
18 -17

[0023] The matrix modification,process was able to do this by making
relatively small changes in the original gain matrix. On a relative basis, the
amount of gain change in each of the individual responses is shown in Table 7

below. This amount of change is normally well within the range of model

accuracy.
TABLE 7
DEP1 DEP2
IND1 -0.99% 1.95%
IND2 2.87% ~0.45%
[0024] In an alternative embodiment, the base logarithm number can be

chosen based on the maximum desired gain change, in units of percentage, using
the formula (3) below. For the example problem used above, a maximum gain

change of approximately 2.9% results in the same logarithm base as chosen

above.
2
LOGBASE = [M‘“ ﬁEHN G, 1} 3
[0025] In another alternative embodiment, the logged gains can be rounded

to any fixed number of decimals for all matrix elements being operated on. For



[ 0023] The matrix nodification, process was able to do this by making
relatively small changes in the original gain matrix. On a relative basis,

t he ambunwoabosgaei4t9change in each of the individual respomasg7®1IFEOWN in
Tabl e 7 bel ow. This anmount of change is normally well within the range of
nodel accuracy. TABLE 7 DEP1DEP2 | ND1-0.99%.95% 1N1022. 87% 0. 45% [0024]1n
an alternative enbodi nent, the base |ogarithm nunber can be chosen based on
t he maxi num desired gain change, in units of percentage, using the formula
(3) below. For the exanple problem used above, a nmaxi num gai n change of
approximately 2.9%results in the sane &marithm base as chosen above.
LOGBASE =[ MAX CHNG +11 100 - 9 - ease of use, it nmakes sense to choose a

base | ogard r ' - obt ai fr ' t he
oaged gal feors ey f rhalsl et B chRNE S Bathlogibiil PhORCHo Rl B L
by roundi ngntle ebtpimedfrern pdurtiing i tog'g‘edtg‘dl;mbasen Iim@'gef t/hmeih Hewevert Sd.
For exanple, .if the base logarithmin the above exanple is chosen to be a
pover of t&iyRlent lasUiitﬁ&FP Bgf%%‘? g]z@m@eg@mmlpeem.f deqigmly if the

equi val entigsgbirittin bs £ETR H0r SUNBIBIAHE HaSO T dritihn B ale bR NS to

t he nearest ten
example is chosen to be a power of ten greater than before,

LOGBASE=1.0588235" =1.77107 4)

an equivalent result will come from rounding the logarithms of the gains to the

nearest tenth.

[0026] In another alternative embodiment, the rounded numbers can be
chosen to enforce a desired collinearity condition. If the difference between the
rounded logarithms of the gains for two independent variables is the same for
two different dependent variables, then that 2 x2 sub-matrix is collinear. In
other wbrds, it is has a rank of one instead of two. The direction of rounding can
be chosen to either enforce collinearity, or enforce non-collinearity. If the
direction of rounding the logarithms of the gains from Table 3 is chosen to

enforce collinearity, the integers could be chosen as shown in Table 8.

TABLE 8

DEP1 DEP2
IND1 63 58
IND2 59 54

[0027] The resulting matrix obtained by recalculating the gains is of rank 1

as shown in Table 9.

TABLE 9

DEP1 DEP2
IND1 36.63412093 -27.52756876
IND2  -30.86135736 21.90148291



1002611 n anot her alternative enbodi nent, the rounded nunbers can be chosen
to enforce a desired collinearity condition. Tithe difference between the
rounded IwQanisiiumoof the gains for two i ndependent var ipallusson7®1478e same
for two different dependent variables, then that 2 x2 sub-matrix is
collinear. In other words, it is has a rank of one instead of twos. The
direction of rounding can be chosen to either enforce collinearity, or
enforce non-collinearity. lithe direction of rounding the |ogarithnms of the
gains from Table 3 is chosen to enforce collinearity, the integers could be
chosen as shown in Table 8. TABLE 8 DERLDEP2 | ND16358 | ND25954 10027] The
resulting matri x obtai ned by recalculating the gains is of rank 1 as shown

o2 30, act 988621 TS e MRt abERitiacl R 3e RBPReeton pE g spme

enbodi nentalgerithma tapplyi gxih inuitiplichtien $8¢8r used inside the predictive model.
Often gain multiplication factors are used to modify the model in response to
changing conditions. Choosing the gain multiplication factor to be a rounded
power of the same base as the model, will guarantee that the gain multiplied

model hés the same overall RGA characteristics.

[0029] Included in the preferred embodiment is the application of the same
algorithm to building block models that are used to construct the final predictive
model. Often the final model is the result of some combination of building
block models that do not exist in the final application. By applying this same
process to these building block models, the final model will have the same RGA

characteristics.

[0030] The above description and drawings are only illustrative of preferred
embodiments of the present inventions, and are not intended to limit the present
inventions thereto. Any subject matter or modification thereof which comes
within the spirit and scope of the following claims is to be considered part of the

present inventions.



algorithmto any gain nmultiplication factor used inside the
predictive nodel. Oten gain nultiplication factors are used to

nodi fy the nodel in response to changing conditions. Choosing the
gain nmultiplication factor to be a rounded power of the sane base as
the nodel, will guarantee that the gain nultiplied nodel has the sane
overall RGA characteristics. [0029]Included in the preferred

enbodi nent is the application of the sane algorithmto building bl ock
nodel s that are used to construct the final predictive nodel. Oten
the final nodel is the result of sonme conbination of building bl ock
nodel s t not exist in the final application. By applying this
sane pré@gégﬂgo t hese buil ding bl ock nodels, the final nodel wll
have the sane RGA characteristics. [0030] The above description and

drawi ngs are only jllustrative of ferred. epbodi nents of  the

or esent i avent | oneh matpdip iy Srpddeh e MRS ohf (Mo Relops Bubtpeble

i nvent i R&didtRRIceht] applicaSitRiBslbmBREd BY a 06ntfME} hdvari dt %sttd?ﬁﬁﬁﬂ%eﬂ&éh@ h
cones within the spirit and scope of the following clains is to be
consi derdepengdsntvagnble pair gpraB@HAL: | nventi ons. -11- CLAI MBS

1. A nmethod to nodify a nodel gain matrix for a nodel for a

mul tivariable predictive control application inplenented by a
controll er having(@t theasingehegaritdepaedent - dependent vari abl e pair
conprising: (a) choosing a |ogarithm base, (b) reading a nodel gain
for an i ndependent-dependent variable pair in the nodel gain matrix

for a nodel for agwul fchdint adkidel @i fhir ah indRp&Idhi Qpe@RBt v4&RbIePRir in the
i npl emented by a controller, (c) taking an absolute value of the
nodel gain, (d) taki ngodel|zsmapstinferermedrb fonssapliivesiaplg nredigfiverratrobpdel

ain of ste C ith i in ste a), (e
?oLnding thg foéargthﬁ#@?gkﬁgﬁég%?%¥£?§%3££?§%%’hunberpo§ éec§n%ls to

forma rounded | ogarithmof fixed nunber of decimls, taking an
anti-logarithm of the, rounde

l.ogarithmfro tep (e) by taking the
| ogarit hm base fr&h s g@&fg$ﬁﬂg§ﬁu?8H§685§%fg%¥ t he rounded
(d) taking a logarithm of the absolute value of the model gain of step (c) with
the logarithm base chosen in step (a),

(e) rounding the logarithm from step (d) to a fixed number of decimals to

form a rounded logarithm of fixed number of decimals,

(f) taking an anti-logarithm of the rounded logarithm from step (e) by taking
the logarithm base from step (a) raised to a power of the rounded

logarithm of fixed number of decimals from step (),

(g) multiplying the anti-logarithm of step (f) by -1 if the model gain was

originally a negative number to determine a calculated gain,



| ogarithm of fixed nunber of decimals fromstep (e), (g) multiplying
the anti-logarithmof step (0 by -1 if the nodel gain was originally
a negative nunber to determne a calculated gain, - 12- (h) using
this calculated gain in a nodified nodel gain matrix to nodify the
nodel gain matrix on said controller that inplenents the

mul tivariable predictive control applicgtion, (i) repeating this

nmet hod for other nodel gains in the sanme nodel, using the sane

| ogarithm base chosen in step (a) and the sane fixed nunber of

decimals in step : his cal 7]
(a) is perfornmed g@) %% f rllsgcaacu?rag&q %‘Eﬂmmeﬁtlpg&iﬁ (lflm% %I ative %a g\ﬁig{%
el ement (MAX_RGA) det srodelrgih lhymxmﬂ$ﬁntrdller kbt vidplerRGas the multlvanableS.

The nethod of claim1 g tﬁg%ﬁ % i s perfornmed by choosing a
maxi mum al | owabl e per ¢ F’&%o HOh RNEAYE: (MAX_CHNG) det er i ned by;

[ MAX CHNG +1 LOGBASE

(i} repeating this method for other model gains in the same model, using the
same logarithm base chosen in step (a) and the same fixed number of

decimals in step (e).

2. The method of claim 1 wherein step (a) is performed by choosing a maximum

allowable Relative Gain Array element (MAX RGA) determined by;

LOGBASE=

3. The method of claim 1 wherein step (a) is performed by choosing a maximum

allowable percentage gain change (MAX_CHNG) determined by;

LOGBASE = [_Mﬂl—ogm; + 1}

4. The method of claim 1 wherein the rounding performed in step (d) is chosen to
force collinearity in 2 x 2 sub-matrices made up from two independent variable - dependent

variable pairs.

5. The method of claim 1 wherein the rounding performed in step (d) is chosen to
force non-collinearity in 2 x 2 sub-matrices made up from two independent variable -

dependent variable pairs.



100 4. The nmethod of claim 1l wherein the roundi ng perforned
in step (d) is chosen to force collinearity in 2 x 2 sub-nmatrices
made up fromtwo i ndependent variable - dependent variable pairs.
5. The method of claim 1l wherein the rounding perfornmed in step (d)
is chosen to force non-collinearity in 2 x 2 sub-matrices nmade up
fromtwo i ndependent variable - dependerg. variable pairs. - 13 -
6. The nethod of claim1 further applied to internal gain
mul tiplication factors used to nodify the nodel gains. 7.
The met hod of cl gi : i ui ] i : g : ch
are used to cons?fﬁkﬁngﬂ§éﬁgﬁmﬁgg§% gﬂ%ﬁﬁg&gggkﬂg?g%ﬁﬁﬁﬂ%ﬁgﬁéﬁh%%ﬂhp
nmodel . used to modify 8¢ nibdel gmstshod of claim 1 where the multivariable
predictive control application is DMCplus or RMPCT. 9. The
met hod of claim1 in which the nodel gain matrix is used as an i nput
to a |inear progranhe method of claim L ButhEhgpired ahildfngdledkhddets) phicBdrassed
a pre-processing step to nultivariable predictive control
cal cul attp gpustructa final model byt do ppfeexist ithibg Hopl edel-m 1 applied as a
pre-processing step to planning and schedul i ng cal cul ati ons.
12. The method of claim 1l where the rounding in step (d) is to zero
deci nal s. 8. The h&hod beclaet heticwthealtivardabidedictivrecontrol application is
mul ti vard predictive control application is applied to control a
nanufacgﬂgﬁﬁgm6¥§3@§ét 14. The method of claim 13, where
the manufacturing process is a petroleumrefinery process: refinery
distillation unit, chemcal plant distillation unit, crude .
distillation uni?, TResaetted of deim | iy whygh theimodehgiim palix ispgidasian input to a
napht ha |pyergbygat er, gasoline hydrotreater, kerosene hydrotreater,
di esel hydrotreater, gas oil hydrotreater, hydrocracker, del ayed
coker, Fluid Coker, Flexicoker, steamreformer, sulfur plant, sour
water stripper, BOIhQl oS Soidi"AldTRa oPd 30820 SONY RAhLANSiBle tNe
predictive control calculations.

11. The method of claim 1 applied as a pre-processing step to planning and

scheduling calculations.
12. The method of claim 1 where the rounding in step (d) is to zero decimals.

13. The method of claim 1 where the multivariable predictive control application

is applied to control a manufacturing process.

14. The method of claim 13, where the manufacturing process is a petroleum
refinery process: refinery distillation unit, chemical plant distillation unit, crude distillation
unit, vacuum distillation unit, naphtha reformer, naphtha hydrotreater, gasoline hydrotreater,
kerosene hydrotreater, diesel hydrotreater, gas oil hydrotreater, hydrocracker, delayed coker,
Fluid Coker, Flexicoker, steam reformer, sulfur plant, sour water stripper, boiler, water

treatment plant and combinations of the above.



- 14 - 15. The net hod of clain;2 where the rounding in
step-(d) is to one decinmal and where LOGBASE is nmultiplied by 10.
16. The nmethod of claim2 where the rounding in step (d) is to two

deci mal s and where LOGBASE is multiplied by 100. 17. The
met hod of claim 3 where the rounding in step (d) is to one decinma
and where LOGBASE is multiplied by 10.-14- 18. The net hod of

claim3 where the rounding in step (d) is to two deci mals and where
LOGBASE is nultiplied by 100.

15. The method of claim 2 where the rounding in step (d) is to one decimal and
where LOGBASE is multiplied by 10.

16. The method of claim 2 where the rounding in step (d) is to two decimals and
where LOGBASE is multiplied by 100.

17. The method of claim 3 where the rounding in step (d) is to one decimal and
where LOGBASE is multiplied by 10.

18. The method of claim 3 where the rounding in step {d) is to two decimals and
where LOGBASE is multiplied by 100.





