




PLANT PARAMETERS

0 . 0 simulation start time

1000. 0 simulation stop tine

0 .? plant simulation sampling Interval

?0 twice mill pure d lay

2 twice separator pure delay

0.04 integrator gain

1 . 00 gain of regulator integrator

0.05 magnitude of disturbance

400.0 disturbance start time

700.0 disturbance atop time

1 0. 0 time to complete change in model

0. 000 magnitude of noise

0. 30 frequency of noise in hert*





CONTROLLER PARAMETERS

5 controller sampling Interval as a multiple of dnlt

30 optimization update tine

3 logging interval as a multiple of the sampling time

2 dead_time as a multiple of SAMPLE

1 . 00 forgetting factor

0 . 0 0 high pass filter constant

0 . 6 d»adbar,d_t ime constant

1 . 0 dead_barid uidth scaling factor

100000 initial value for covariance matrix diagonal terms

true c o v a n a n c a  resetting

false constant trace

0 .Z0 input move step size

1 . 0 maximum gradient

- 1 . 0 minimum gradient

6 . 0 0 rt max

0 . 8 initial rt

0 . 16 rt step size to test estimator

0 step start time

0. 001 size set point

1000 constant for trace algorithm

190 constant for trace elgo n t h m

f al s« test ; ; ♦ ! » ; + only

0 start estimation after this time

1 Z00 stop estimation after this time

50 start optimization

trua debug
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< feed characteristics constants >

ore_density-Z.7i ( density of rock > 

uater_density«!i < density of uater > 

g-9.Bt < gravitational constant) 

f rac_gr1 nd-0.7 i 
f rac_f lnes-0 .Z; 

frac_req„gnnd-0 . I I 

ines_voidage*0 .4 i 

media_voldage-0 .4 i

( will nodel constants >

1*10! ( length of m i l  in meters >

R»Z.6i ( radius of Mil) in meters >

Max_load-0.S0s 

pouer_Max-1 .00( 

o v e r  fill-0 . It 

pi “ 3.i 4153 i

< sump «odel constants >

VsuMp-100: ( volume of s u m p  in cubic Meters )

Ihydrocyclone Model constants)

cut-3.0C007Si {required cut size in Meters)

(physlcel constants)

S"Z.7i ( d e n s i t y  of s o l i d s  i n  pulp ( g / c M * 3 > )

Dc-70i (inside diameter of hydrocyclone( c m ))

Di-?0i (inside d i m e t e r  cf inlet (cn>)

Du-Si (inside diameter of apex (cm))

Ov-40i (inside diameter of vortex finder <cm)> 

gr ,ste-0.0l| (mill discharge grate al2« in Meters) 

h-l40i (free vortex height <c m >)

(statistical constants)

m*»en-0.0 0 0 1 1 (naan sire of  particles in f i n e s  in c m )  

SO0.00Zi (standard deviation of particles) 

(comprising fines in cm) 

intervals"I0i(number o f  intervals that the)

(fines are to be divided into)

(-...... ..........-----......... -..................
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................................................................................................................... .....................
const

max_states*1 0;
<-.......... -.....'......-...................... -----.........

type

vector-array 1 0 ..max_statesl of reali

<-----......... -............... -...........-..................... .

var

< state variables >

x :vector; 

dx:vectorj

{ note SI units unless specified >

< inputs >

feed_rate:reali { solids feed rate > 

wlll_uater:real I < feed rate of water into will > 

sump_water:realt < feed rate of uater into the sump > 

pumpspead:reali < speed of sump pump >

{ outputs >

pouer:reali < Mill power drr<ft >

weight:real; < miss of nil* contents in kg *

sump_level:realt r level in the sump >

flow:reali < flow rate to cyclone >

pulp_dens1 ty:reali { density of pulp >

underf1 ou :reali < volumetric flowrate of underflow >

ovar'low:reali ( volumetric flowrate «f overflow >

lt:reali < total mass flow into Mill >

< intermediate outputs >

< nlll >

y®:reali < water discharge > 

ylireali < required grind discharge > 

y? w e a l  i < fines discharge >

< intermediate variables >

< m i l  >

Vo:reali < Internal volume of mill >

fc:reali < fractional volume of fines >

J : REALi < fractional volume of grinding media

load_volume: REALi < volume of load within t̂ te mill >

A : REALi { constant for atrltion breakage rate >

Tt:reali < volumetric feed rate of required grind >

T2:reali { volumetric feed rate of fines >

T3:reali < volumetric feed rate of pebbles >

T4:reali < volumetric feed rate cf fresh grinding media > 

s?:reali < breakage rate for attrition > 

s3:r*ali < breakage rate for abrasion > 

s4:reali ( breakage rate tor chipping >

D : array!3..4.1..31 of REALi < breakage functions >

Fpo: REALi < constant for mill discharge )

coarseness'.real i < coarseness of mill load >

discharge:reali {volumetric discharge rate of pulp from mill > 

fractional_fll1 ing:reali {fractional filling of mill) 

ml:reali < mass of water entering the mill > 

mZ:reali < mass of feed entering the mill > 

power_correction:real« < power correction factor ) 

permeability:realI { permeability of grinding media > 

mx:reali < slope for power curves > 

my:reali < slope for power curves >

w e a r s ] o p e :reali < change In wear rate due to change >

{ in ore characteristics >

U:reali {fractional filling of media interstices)

{ limits of operation >

over 1 oad:array! 1..41 of reali < power calcultion if not under >

{ normal operating conditions >
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max_co«rseness: REAL) I maximum allowable load coarseness >

nin_coar»eness:reali { minirum allowable coarseness >

mlnimun_load:reali { minimum load for normal wear rates }

excess_wear: REALi < .increase In media wear rate due to underload >

reduced_wear:reali { reduction in media breakage rate >

water_cr it leal :>-eal i { critical level for water dilution )

1 oad_max_power:reali { fractional filling causing max power d<aft>

{ steady state sealing constants )

Pm:realt < mechanical power losses )

Po:realj { constant for power draft >

< sump variables >

< x5 volume of water in the sump >

{ x7 volume of fines in the sump >

< x6 volume of required grind in the sump >

< outputs >

z€>:reali {flow of water out of sump) 

z2 :reali <flow of fines out of sump)

*l:reali {flow of required grind out of sump)

{hydrocyclone model variables >

(intermediate variables)

d5®. <cut size)

Ec, {probability that particle goes to the underflow) 

m, {sharpness of separation)

P. {pressure drop across tha cyclone>

Ph, {pressure drop expressed ir head of pulp) 

pflow, {hydrocyclone product flowrate) 

probability, {lognormal distribution of particleb)

Rv. {feed volume to und<rflou <X))

SC. {amount of feed that bypasses classification <X)> 

solids, {2 solids by weight in pulp)

V, {volumetric X solids ir> feed ) 

y, {random variable representing particle size)

{outputs)

o t , {proportion by volume of water in overflow)

o2 . {proportion by volume of fines In overflow)

o3, {proportion by volume of required grind in overflow)

ul, {proportion by volume of wa+er in unT.cflou)

uZ, {proportion by volume of fines in overflow)

u3, {proportlot. by volume of required grind in overflow)

FI, {proportion by volume of water in feed pulp)

F2, {proportion by volume of fines in feed pulp)

F3, {proportion by volume of required grind in feed pulp)

ulb,u2b.u3b,olb,o2b,o3b {b suffix indicates the actual)

(volume and not a fraction)

:ranli
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program nalnl input.output)i

type vec-arrayll . . 2 0 1  of rea

mat»array!I..2 0,I . . 1 0 1  of real i

const no_par"7i { number of model parameters >

(include ’model_const.p*S { file containing model constants >

var

( simulator variables )

Tsreali ( Time >

TSTART:real» < Simulation start time >

TSTOP:reali < Simulation stop time >

LOG:reali < data logging interval, >

{ cr controller sampling time >

NSTP:integeri { number of intersampies, >

< or plant simulation samling time >

HETHOO:char» < Integration method for solving >

< differential eaautionb >

NSTATE:integer; < number of state variables >

DELT:reali < integration »tep length >

l:integer) < general counter variable >

STOP:booleani < simulation finished >

magnitude:reali < magnitude of Input fr step generation >

SAMPLE:reali < estimator sampling time >

debug_m,debug.. e.debug_c:booleant < turns debugging on or off >

< model variables >

• include ’ model_var.p'I { file containing model variables >

< controller global variables >

x_u:arrayl 1 . . 2 1  of reali < optimizer storage variables >

step_slze).step_slze2 :reali < steepest descent step size >

gradlentl.gradient2 :reali < cost function gradient >

gradt m s * ,grad I_min:reali < gradient limits >

opt.start:reali < optimization start time >

opt_update:Integeri < optimization update time as >

< multiple of estimation sampling rate > 

change_t lme: real I < disturbance start tlm<> > 

change:reali < magnitude of disturbance >

d* sturb_rsq:reali < variables to Implement a disturbance in > 

dlsturb_flrvassreali < size distribution > 

dlsturb_.grlnd:real i

< estimator variables >

dead time:Integeri < process dead time as an >

< Integer multiple of sampling time SAMPLE > 

sy:array(0..31 of reali { store paot values of y > 

su:array!1 ..2 .0 ..2 0! of reali ( store past values of u > 

sv:array!0..701 of reali < store past values of v >

Pest:reali < model estimated ouput )

error'.real i < error between Pest and measured value >

P_m*t:mati < covariance matrix > 

par:veci < vector of parameters > 

reg:veci < regression vector > 

f orgett lng .f actor : real i

d z :array(0 ..I 1 of reali < realatlve deadzone dynamic variable > 

deadband.tlme.constant:real i

beta:reali < deadband width scaling constant }

feed_lnc:reali < feed increment when testing estimator only > 

est__stop: real i { estimation stop time > 

excit_mag_feed, { magnitude of excitation Input > 

excit_maQ_water:reali < magnitude of plant excitation input > 

nst.only:bool earn { perform estimation without any >
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< optimization plant moves > 

covar_reset:bool can; < perform covariance resettsnQ > 

d i a g ,off_diao:reali ( diaQonal and off diagonal elements >

< noise variables >

mlongreali < white Gaussian noise )

nb: a r r a v M  . . 10) of real; < bandlimlted Gaussian n o n e  >

< data storage for plots > 

•include ’plot_var.p'•

procedure read_ init_state! f i1 ename:strname >i
var path:strpathi

inltial_states:texti

fila_no:integeri

1 :integeri
begin

path:-’/users/bleloch/»in_di'/init_state_dir/*i

strappend< path,filenane ) I

paihi*iirrirUt path);

reset!inltial_«tates,p a t h )i

readln!initlal.states,file_no)i

uriteln!’File containing initial conditions: *,f ilename)i

readln( init ial.states.NSTATE11
For l:*® to NSTATE-1 do begin

readln! Initlal.states,*(1 1 )i
endi

close!initlal_states) i

endi

procedure read_const! filename:strname)i

var path:strpathi

flie.no:integeri

eonst_flie:texti

begin

path:■’/users/bleloch/sin_dlr/constants_dir /’ i

strappend!path.filenane >i

path:-strrtrin!path)i {remove any blanks from end of string)

uriteln!’File containing plant conotants: ’,filenane>i

reset!const_flie.path)I

readln< const_ f tie,A )i

readln!const_flie,s3>1
readln!const_flie,s4>I

readln! const_fi1e ,0( 3, 1 1 )i
readln! con»t_flie,D! 3.2 1 ) I
readln! con«t_flle.Dl 4 . 1 1 >i
readln! const_f 1 le,0 t4.21 )•
readln! const.flie,0(4,31>i

readln! const_f ile.Fpo)i

readln! const_flie, max _coar sanest!)i

readln!const_f ile,min_coarseness)i

readln! const_f Ue,mlnlmum_load> i

readln!const_f i1e.excess,wear)i
readln! const _f 1 1 e ,reduced.uear)i
readln!const_flle,yater_cr1 tleal)i
readln! const_flie,Pm)i

readln! const_f 1 1 a,Po)i
close!const _f 1 1 e )i

endi

procedure read_setupi 

var flle_no:strlng(31i 

path:strpathi 

f ilename:strnamei 

setup:texti 

begin

w n t e l n ! '  Au to ge nou s  G r i n d i n g  C i r c u i t  S i m u l a t i o n ' ) !
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wrlte(’ Setup file number? ’ ) iread<flle_no)iwr1 t e l m  
path:■'/users/blel och/slm_dir/setup_dir/setup_’I 

strappend:path,f 1 le_no) i 
path:*atrrtrlm< path)j 

reset(setup.path)i

readl n< setup, f U e _ n o  ) i

readln<setup,T5TART)twr1 \eln< ’5tart time ’.TSTART:3:Z ) i 

readl n<setup,TSTOP)Ikriteln<’Stop time ’,TSTOP:3:Z >i 

readln( setup.LOG)Iwrlxeln( 'Logging interval ',LOG:Z:Z)i 

readln(setup,NSTP)i 

readln(setup,METHOD)i

readl n( setup, f 1 l<*name ) iread_ imt_state(fil ename ) t
readln( setup,f 1 1 ename)jread_const<fllenareh
readln<setup,pump_speed)i

r»adln( setup.ml 1 1 _water)i
readln< setup,sump_wator)i

readln(setup,magnltude)i

readlnlsetup,etep_slzeI>i

rssdlnf setup,«ton_«u«? )■

re idln< setup,gradl_nax h

readln<setup.grad 1_mln)t
readln< setup,opt. start > t

uriteln( 'Optimization start time-’,opt.start:3:Z >i 

readln(setup,SAMPLE >I

uritalnl’E«t:mator sampling tlme’,SAMPLE:Z :Z )i 

readln<setup.opt.update)i

uritalnl’Optimization update t l m e - o p t  _uprJate» SAMPLE: Z : Z > I 

ro,viln< setup . d&«d_t lme)) 

readl m  setup, change_t l.̂ a ) I

wrlteln<’Disturbance start time ’.change_t1 me :3:Z )» 

readln< setup,change)i

wrlteln<'Magnltuai of change ’.change:Z:Z )I 

readln< setup,forgettlng_factor)i 

readl n< setup,deadbartd t lme_constant) I 

•„adln<setup beta'i 

readln< s e i ^ ,

wrlteln<’Estimation stop time ’,est_stop:3: Z > i 

readl n< setup.ex ;1 t_mag_f e e u n
writal’Magnitude of feed_rate excitation signal *)*

wrltelnfexclt map feed:Z:Z )l

readln< setup,•xclt_mag_.water)i

jrltc(’Magnitude of mlll_watar excitation ’)i

wrlteln<exclt_mag_uater:Z :Z )I

readln<setup,ast„only)i

wrlteln<’Estlmation only ’,est_only)i

readln<setup,covar_reset)i

wr 1 teln(’Covariance resetting on: • ,covar_reset)i 

readln< setup.dlag)i 

readlnl setup,off_dlag)i 

readln< setup,ciebuQ_m)| 

readln< setup,debug_e)i 

reariln<setup,debug ^ )i 

closet setup >i 

run_number:»f 1 1 e_noi 
endi

....................................................................................................................................................
fM-c+lon log_tlme:booleani 

begin

If round<T*l®) mod round( LOG* 1 ® )-0 then log_t lme: true 

else log_tlme:-falsei 

endi

........................................................................................................- ............................... ....................................................
function sample_tlne:bool earn 

begin

If round<T*l0> mod rouna(SAMPLE*10)»® then sample_tlme:•true 

else sample_time:-falaeI
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endi

{..................................... —  *................... .............

function opt_time:booleani 

begin

If rc -4< T* 10) mod ( opt_update*round(SAMPLE*10)>*0 then opt_t ime : -true 

el se s t m e  : «f al se; 

end)

<-....... - .................... .................. -............ ........

function li' variable,, ax , win: real ):real i 

bey I n

If ( var iable>*rx > or ( var iable<min) then begin 

If variable)**; then 1 inlt:•"max i 
If variab!e<min ti:en limtt:-mim

end

else 1 lmlt:«varlablei 
end)

{...........................................................................

■include ’model.p'* < file containing dynamic grinding circuit model }

<...........  ........... -............................................... .

•include 'output.calc.p'V < file containing output calculations >

£..........................................................................

function srand48:longreal(externali 

f unct ion dt ar.d48: longreal i ex ternal I

<..........................................................................

functIon nol»e<Id:Integericutoff:real>:reali 

const slgma- 0 0 6 t 
var l:Integeri 

tor:reali 

accuailongreali 

begin

< calculate a Gaussian distribution from a normal distribution > 

accum:-«i

tor:*1/<Z»pl«cutoff)i

fcr l»"l to IZ do accun:•accun*<Z*drand48-1>i 

n:-accum/1Z •
nb(Id):«nblid)»exp< -OELT/tor)+sigma*n*sqrt( t-exp(-Z*OELT/tor)>i 

noise:-ntelId)I 

end)

( --------------------------------------------------------------------------------------------— ............................................................ - ..................- ......................................................... .................

pro .edure dump.modeli 

var l:Integeri 

bag in

wrltelr><’Tlma ',Ti3:1)| 

urltelni'Nodal Variables')! 

urltelni’Inputs ’)■

urlteln< ’sol Ids feedr ate ',feed_rate:Z:Z )i 

wrtteln*’mil 1 water ’,ml 1 1_water:3:Z >i 

urltelni

wr 1 teln<’Outputs ')i

wr 1 teln<'Power draft '.power:3:Z )i

wr 11 e 1 n< ’ I ns l de n 1 1 1 ' ) I
wrlteln(’fractlonal filling of mill ',fractlonal_f1 1 1 1 ng:Z:Z )I

wrlteln< ’ fraction of grinding media ',J:Z:Z)|

wrI teln<’fractlonal filling of interstices ’,U:Z:Z)|

writeln(’States’>i

for l:-0 to NSTflTE-1 do

wr 1 tel n< ’ x ( ' , 1 , ’) * ’ , x t I): 3: Z ) i 
urltelni 

end i

<..........................................................................

procedure regr«sslon_vector< y ,u l ,u Z ,vl:real I dead_tlme:lnteger)i

var l,j:Integeri

begin

sy(31:-sylZ1 I 

•yl Z) t «syl H i  

syl 1 1 :»»yl0 1 1
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f o r  t : * 1  t o  Z do
f o r  J :«0  to 19 do a u l 1 , Z 0 - j 1:- a u l 1 , Z 0 - J- IJi 

su(1,0):»uIi 

a u ( Z , 0 ) : - u Z i

for 0 to 19 do 9v(Z0-J1:*9vl ?0 j -1) i
9 v l 0 ] : " v 1 i

r e g l IJ:- 9 y (  I 1l 

r e g l Z 1 : - a y l Z 1 i

a y l 0 1 : " y I

regl31:-9ul 1 ,dead_t imel I 

regl 4): -aul I ,dead_t lne-* 1 J i

regl51 :-9u(Z,dead_t tnal» 

reglEl:-aulZ,dead_tw -fill

regl73:■ 11

for i!1' fl to 10 do regli):-0 i 

and |

<----  ------------------------------------------

function dead_band:bool earn 

const cdz0-0.0001i 

cdzI-0.0001i 

cdzZ-0.0001i 

cdz3-0.0001i 

cdz4-0.000 1 i

begin

If D S A f V L E  then dzMl:-dz(0) else dz(1):-0i 

dzl#1:-deadband_tl*e_conatant»dz ( t)

♦cdz0+cdzI*abs( aul1,01)+c*7Z*aba( aulZ.01>

♦ cdz3*abs< ayl01>i 

error:-ayl0 1 -Peat»

If aba<beta*dzl0))>aba<error) then dead_bar,d:-true 

elae dead.band:-falaei 

•ndi

{....................................................................

function *ultlply_vecs reali 

var i:Integeri 

dunny:reali 

begin

du*«y:-0 i

for is* I to no_par do

dunny:«du«ny+reg[1 l*par[lJi 
«ultlply_vec:-du*«yi 

endi

<....................................................................

procedure dump_control1 eri
var l:integeri

begin

urltt«ln(' Regression vector: ')i

ur 1 te( ' M i

for 1 1«1 to no _par do ur 1 te< regl 1 1: Z : 3,' 'liurlteim 

urlteln< ' Parameters: *)i

for li- 1 to round<no_par/Z> do

u r 1 teln(' ',pari Z»i*11:3:3,par IZ * 11:3:3)|

wrltelnl* P_«at: ’ )iurlti(' ' )i

for 1 : ■ I to r o_par do ur l te< P_«at I I . 1 1 :6 : Z , ’ ’ liuritelm 

urltelnl' m i l  Pouer ' .power: 3: 3) i

urlteln<’ feed_rate ’,feed.rate:3:Z )I

urltelnl ’ mll_uater ',*1 1 1 _uater:3:Z )I
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wrltelnl• product *,y 1 S 3:Z >«
uriteln(' Gradients ' .gradient 1:2: 3 ,gradientZ:2 :3 >;

uritelnl’ Estimation error error : 2 :4 ) i
ends

procedure estimator;

var denom:real;

K,L:vec;

1 , j :integer;

function norm:real;

vtr M:vec;

1 ,J:Integer;
dummy .’real;

begin

for I:- t to no_par do Mlil:*0 i

for ):• 1 to nonpar do

for 1:■1 to no_par do

H(J):-HlJ1+regl1 )«P_matI 1. J 11
dummy:"0 ;

for !:• 1 to no_par do dummy:"dummy+Ml1 1*regl 1 1 ;
m

norm: ''dummy;

endi

begin

Pest:*multlply_vec;

error:"syt 01-Pesti

denom: -f orgettlng_factor♦norm;

for 1 :“ } to no_par do begin

Kill:«P_*atl1 ,11»regt11+P_*at[1 ,21»regl21

♦P_matl 1 ,31*reg( 3)+P_.matl 1 ,4J*reg<4)
♦P_matl 1,51«regl 51+P_matl 1,61«reg(61

♦P_mat ( 1 .7)»regf 71 +P_mat( 1,81 »regl 01
♦P_matl1,91»regl9MP_mat( 1 ,101*regl 101|

end;

for 1 :* 1 to no_par do

LI 11:"regl1l»P_mat[ t, 11♦regl21 «P_mat[2,11

♦ regl3)«P_mat t 3. 1 1+regl 41 «P _mat 1 4 , 1 1
♦regl51«P_matIS,1)+r#glG)#P_mat 16,11

♦ regl71»P_mat(7,11♦regl 01*P_matl8,11

♦ regl91*P_mat I 9. 1 1+regl 101»P_matI 10,1 1 I
for 1 s■ 1 to no_par do

pari 1 J: -parI 1 1 +KI 1 1 •error/denomI
for |i• 1 to no_par do

for j:« 1 to no_par do

P..matI 1 ,i1:*<1/f orgettlno_factor >•<P_matli,jl*Klll»Ll)l/denom)i
end;

procedure reset_P< diag value,off_dlag_value:real)i

var i,j:integer;

begin

for 1:■1 to no_par do

for j:» 1 to no_par do

if 1 •J then P_matIt,j 1:-dinrj value

else P_mat(1,J 1:-off_dlag_value

endi

procedure 1evel_control1er(var speed:real;set_point:real i sump_l evel:r e a l )i 

const P«Z0i < gain of proportional controller ) 

var error .Teal i

begin

error:•aet_point-sump_leveli 

speed:“pump_speed-P»errori 

speed:»1imit<speed,800, 5 ); 

endi
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procedure opt.control 1 er( var feed_rate,m 1 l_uater:re a l )i 
var

i,j:integeri { array Indexes >

bet; * n

a j[ IJ:“x.ul 1 1 -tstep.slze1»qrad lent 11 
x_ulZl:«x_ulZl+step_sizeZ *gradientZ i 

s_ul ll:-llnt<x_ul II ,l0 0 .0 h  

x_u(Z):“1 imit( x.ul Z 1 .1«K9.0>| 

f eed.rate: "x.ul 1 1 i 
mil 1.water:*x_uC Z ) i 

endi

<...............-................................................

PROCEDURE dynamics*

Begin

{ level controller >

level .control ler< pump.speed .<9. 5. sump.level ) i

< calculate the plant outputc from the states > 

output.calci

regr e--4 ion_voctor( Pouer , f eed_rat e . mi 11 water , 0 , dead_t m e  ) t

< call the parameter estimation procedure > 

if T<est_stop than begin

If not dead_band then estimator 

else Feeit:-mul t lpl y .veci 

endi

< write important variables to screen to monitor slmulatlc > 

If opt.tlme then If dabug_m then dump_modeii

If opt.tlme than if debug c then dump.control1 ari

< calculate the gradients >

If opt.tlme then begin

gradient I:■< pari 31tpar141>/<I-par{ 1 1 -pariZ1)i 
gradient 1 :“1 imit<gradient 1 .gradl.max.gradl.min)i 
gradientZ : ■< pari B H p a r  I 61 >/( 1 - pari 11 pari Z 1 ) i 

gradientZ:•1 lmlt<gradientZ.gracM.max,gradl_nin)i 
endi

< call the optimization procedure >

If not est_only then

If T>opt_start then 

If opt.time then 

begin

opt.controller<f eed.rate.ml 1 1 .water)i

{ reset covarlance matrix } 

if covar.reset then reset_P( diag,of f.dlag) i 

endi

< estimation only >

If est.only than if opt.time then 'eed.rate:»feed_rate*feed.lnci

< add an excitation signal >

f eed.rate:■<eed.rate*excit_m«Hi_f eed»noise<1,I/3»SAMPLE)i 

mill_water:*ml1l.water+excit_mag watbr•noise<Z ,1/3»SAKi’LE >I

< simulate a disturbance >

< change the size ditnb u t i o n  of the fresh rock solids >

< going into the mill >

if T>change_time then begin 

disturb.req:• Ii 

dlsturb.grind:•< l+change)i
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{ the change in amount of fines must not change the total >

< mass of fresh rock flowing into the m i l , this is done >

( by calculating the change In fines using the following formula > 

disturb_f lnes: - ( I / f rac_f ines )•( 1 -f rac r»rj_Qr 1 nd- f rac_gr ind»< ! +change ) 
end 

else begin

disturb_req:* I.0 i 

disturb_fines:* 1.0 ; 

disturb_gri.id:-l.0i 

endi

Endi < procedure dynamics )

<+♦♦ + ♦ + ♦ + + + ■>■» + + + ♦ + ♦ + + ♦ + + + + + + + ♦ + + ♦ + ♦♦♦ + ++ + + +M4 ++ + + ♦ + ♦+ + + + 4+♦ + ♦ + + + ♦ + + + + ♦ +

PROCEDURE Eulert

VAR

i: INTEGERi 

Begin 

modeli

FOR 1 :-0 to NSTATE do

Xt 1 ) Kltl ♦ OELT»dXIlli 

T:- T ♦ OELTi 

Endi ( procedure Eulsr >

PROCEDURE Runge_Kuttai 

VAR

i: INTEGERi 

Xstart. Kl, KZ, K3: vectori

Begin

FOR 1 :*0 to NSTATE do begin 
Xstart1 ill- Xt 1J t 

Kllll:- dXllMDELTi 

XI 1):- Xstart(11 4 Kit ll/Zi 

endi

T:- T + OELT/Zi 

modeli

FOR i:*0 to NSTATE do begin 

K ZIiI:— dXtll«OELTi 

XIll:- Xstarttll ♦ XZlll/Zi 

endi 

modeli

FOR i:* 0 to NSTATE do begin 

K3(11:- dXI11•OELTi 

Xt ll:- XstartI 1 1 ♦ K 31 lli 

endi

T:- T ♦ DELT/Zi 

mode 1 i
FOR i:-« to NSTATE oo

X I 11:- Xstarttll + (Kill! ♦ KZlll»Z + K 3111»Z * dXtll«DELT)/6.0i 

T:-round< T * 100)/100i 

Endi { procedure Rurge_Kutta )

{  + - K  + -M + + 4 - M  + 4 + 4 - M  + + + + + + + + + - M 4 - M  + + -M + 4 ♦ + + + + ♦ ♦  ♦ + + - » ♦ ♦ + ♦ ♦ + ♦  + •!*+ + ♦ ♦  + + + ♦ + 

PROCEDURE integrator i 

var i:integeri 

Begin

CASE METHOD of 

’£•: E u l e n  

’R’: Runge_Kuttai 

Endi < case )

IF < T >- TSTOP 4 OELT/Z > then STOP:- T RUE i 

for i:»0 to NSTATE-1 do If xlll<0 then x(il:-0i 

Endi < procedure integrator >

< + 4  + + + 4 + 4 + + 4 4 - M  + 4 4 + 4 4 4  + + 4 + + + - U 4 4  4 + 4 4 4  + + + + 4 + + 4 l +  + 4 + 4 + + + 4 - M  ♦  + ♦ ♦  + ♦ ♦  + ■! + +

<....................................................................

procedure 1 o g _ p o m t  6< cur ve_no , st ep._no: integer ivalte,T:real >i 
beQi n

datamatrix_x t curve_no , step_no):-TI
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datamatrlx_y( curve_no,atep_nol : -valuei 

rndi

{..............-............................................................

procedure log_datai 

var 1 :integeri 
begin

log_pomt s< I , atep_no , f eed_rate . T );

1og_pointa( Z , step_no.nill_uater, T ) i 

1 og_points< 3.atep_no,power,T > t
if T>opt_atart then 1og_pointa<4,atep_no.Peat,T ) 

elae log_oointa( 4 .atep_no,0 ,T)i 

log_pointa(S,atep_no.f ractional_f i1 1 ing,T)i 
1 og_pomta< 6 ,atep_no.J ,T >i 

log_polnta< 7,step_no,fc,T ) i 

1 og_poi nta(8 ,atep_no,U.T ) i 

1og_pointa( 9,atep_no,gradient I,T ) i 

log_jjolnta(10 .atep_no.gradlentZ,T )i 

log_pointa< t1,atep_no,yl,T)|

for l:-0 to NSTflTE-1 do 1og_pointa<i +1Z,atep_no.xI i).T >i 

atep_no:»atep_no+Ii 

endi

{............................................................................

procedure urite_datai 

var

path,path):atrpathi 

1 .dunny:integeri

(♦♦♦ ++4 + 4 + + + 4 ++++* + -.*+ + + 44++4 + +++-f++-f ♦♦♦♦•♦ ■» + ■» + + + + + •» ++♦♦ + ♦ + +) 

procedure urlte_f1 ! e< aub_dir:atrpathinane:etrnamei 
curve_no,no_of _pointa:Integer)i 

var directory:atrpathi 

1 :Integeri
begin

directory:-pathi 

atrappend( directory,aub_dir)i 

atrappend( directory,nane)i 

reur ite<f1 1 e_var.directory)i 
ur i teln(f1 le_var,nano)i 
uriteln<flle_var,no_of_pointa)i 

for i:«l to no_of_polnta do begin

urlte< f U*j_v»r , datanatr lx_x( curve_no, 1 J ) I 
urlteln< fll«_var.datanatrlx_y( curv«_no, 11 ) i

end i

cloae< f 1 le_var,’SAVE'>| 
end i

begin

path:■'/unera/bleloch/al*_dlr/plot_dlr_’ i 

atrappend( path ,run_nui"iber)ipath:-atrrtri«< path)i 

atrappend< path.'/aelectlon_dir’ ) i

< file input a )

uri te_f i le< ' / inputa_dir/','f eed_rate',1 ,atep_no)i 
urlte_f1 1 e(’/ inputa_dir/*,'nl 1 1 .water',2 ,atep_no >i

< file atateo >

for i : »0 to NSTflTE-t do begin 

path I:»' x ' i

atrur1 te< pathl,Z.dummy,l:0 )i

urite_fi1 e ( '/atatea_dir/'.pathl,IZ+1 .atep_no)i
endi

{ file outputa )

urite_f i 1 e< ’/outputa.dir/nill.dlr/’, 'pouer' ,3,atep_no> s 
urlte_flle<'/outputa_dir/nill_dlr/,.,fractlonal _f i 1 1 1 n g’,5 .atep_no) 

urite_flle( '/outputa_dir/ni1 l_dir/*.’J' ,6 ,atep_no)i 

urite_file< ' / outputa_dir/t>u 1 l_dir/ ’ ,’fc’ ,7, atep^no > i 
urite_file( ’/outputa_dir/mll _dlr/ ' ,' a_f eed' ,9 , at ep_no > i

I I I



ur 1 te_f 11 e( '/outputs_dir/mi1 l_dir/’,’Jp’,4,step_no)i 
urlte_file<’/output ̂ _dlr/mi1l_dir/', Ml'.B,at«p_no)I

ur i te_f 1 1 e<’/outputs_dir/cyclone_dir/’,’product’,1 1 ,step_no)i
endi

{......................................................................

procedure init_parami 

«ar l.j:integeri 

begin

for 1 : - 1 to 10 do 

for J :-I to 10 do
if l-j then P_mat I i , J 1: - I<*000 

else P_matIi,j 1:-S00)

< Initialize parameters > 

for 1 :• 1 to Z do par(ll:a>0i 

for 1 : - 3 to 10 do pari 11:-0i

< Initialize storage variables > 

for l : - 0 to 20 do
begin

for j:-l to Z do su(j,il:-0i 

svl 1 1 :-0 i 

endi

for i:« 0 to 2 do sy(ll:-0 t 

end:

u r i t e _ f  i l e < ’ / o u t p u t s _ d i r / m i l l _ d u - / ' , ' s _ u t s t e r ’ , 1 0 . s t e p _ n o ) j

PROCEDURE initialisei 

var l.j:integeri 

Bogin 

7:- 0i

•tep_no:- li 

STOP:-FALSEi

read_setupi < read all the simulation setup variables and constants > 

DELT:-L06/NSTP) < simulation time step size >

Vo:-pl*R*R»LI { mill volume > 

f eed_rata:-magnitudei 

«c_u( 11: -f aed.ratei 

k_ u (Z1:-mill_uater i 

n:-»rand48t 

Endi < procedure initialise >

Begin < main program > 

inltlallsei

inIt_parami < initial model parameters > 

log_datai < urlte i M t i e l  data to global variables > 

urltelmurlteln( 'Running Simulation' >iuriteini 

REPEAT

Integrator) < calculate states >

if sample_tlme then dynamics) < plant output calculation >

{ ana controller calculation > 

if log..time then log data) < store data in global arrays > 

UNTIL STOPi

urlte_datai < urite data to disk >

End. ( main program >





FILE INIT t ( contains initial states )

*, ttflie nunber

8 ttnuwber of states 

0 . 0 #xl0 i 

0 . 0 ttxll)

0 . 0 ftxIZ)

1 0 . 0 tlx ( 31

0 . 0 ttx I 41

10.0 ttxlSI 

0.0 ttxIE)

0.0 8x(7)





F I L E  C0NST_6 < c o n t a i n s  p l a n t  c o n s t a n t s  >

0 . 6 ---- ft constant for attrition break agei rate

0.05
----

S3 breakage rate for abraclon

0. IS

----
S4 breakage rate for chipping

0.60
----

D 3 .1 proportion that breaks f row x 3 into x 1
0. 40

----
03. Z proportion that breaks f row x 3 into xZ

0 . 10 ----

04.1 proportion that breaks f row x4 into x 1
0 . 10 ----

04,Z proportion that breaks f ron x4 into xZ

0.80
----

04,3 proportion that breaks fron x 4 into x 3

0.05
-----

Fpo discharge function

6 . 0 0 -----
nax_ccarseness

0 . 0 0 -----
«iln_coarseneas

0.Z0
-----

nlnl«u«_load

0 . 0 -----
excess.uear

0 . 0 -----
reduced_wear

1 00. 0 -----
uater .critical

0 . 0 0 -----
Pa aechanlcal power- lu»o«t

1 . 0 -----
Po constant for power draft ealculat Ion
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APPENDIX J. PILE CONTAIN ING AUTOGENOUS MILL SIMULATION SETUP  

AND CONTROLLER PARAMETERS

Appendix J. File* containing Autogenous Mill Simulation Setup and 

Controller Parameters



SETUP F I L E  NUMBER G

6 file number

0 . 0 TSTART simulation start tine

800.0 TSfOP sinulation stop tine

4.0 LOG logging interval

8 NSTP nunber of integration steps

R METHOD nunerical integration nethod IR.E)

init_l Hfile containing initial states

Cwnst_G • file containing constants

50 initial punp speed

5.0 lritial nill_water

S sunp water

4.5 initial feed rate

0 . 1 optinizatlon step size

0 . 1 optimization step site

4.0 a a a lnun gradient

-4.0 m n i n u n  gradient

50.00 optinizetion start tine

0 .S estinator sanpling tine

50 optinization update tine

1 process dead tine

400.0 disturbance introduced at this t lne

0 .Z® nagmt u d e  of disturbance

1 . 0 0 forgetting factor

0.Z deadband tine constant

• - 0 1 deadband width beta

800.0 estination stop tine

1 . 0 nagnitude of excitation signal for feed_rate

1 . 0 nagnitude of excitation signal for mli_water

f al se estination only

true covariance resetting on

1000 diagonal alenent of covariance notflx

950 off diagonal elenent of covariance natrlx

true •debug nodel

true tdebug estmator

true •debug controller

I iS



SETUP F I L E  NUMBER 7

7 file number

0 . 0 TSTftRT simulation start tine

800. 0 TSTOP simulation stop time

4.0 LOG logging interval

8 NSTP number of integration steps

R METHOD numerical integration method IR,E 1
init_l •file containing initial states

const_6 •file containing constants

S0 Initial pump speed

5.0 initial mill_uater

S sump water

4.5 initial feed rate

0 . 1 optimization step size 1
0 . i optimization step size ?

4.0 maximum gradient

-4.0 minimum gradient

50.00 optimization start ime

0.5 estimator sampll-g ime

50

1
optimization upoate time 

process dead time

400.0 disturbance Introduced at this time

-0 . 1 magnitude of disturbance

1 . 00 forgetting factor

0. 2 deadband time constant

0. 01 deadband width beta

800.0 estimatlun stop t l M

1 . 0 magnitude of excitation signal f or f eed_rat

1 . 0 magnitude of excits-.on signal for mlll_wat

f al se estimation only

true covariance resetting or.

1000 diagonal element of covariance matri*

950 off diagonal element of covariance matrix

true •debug model

trua •debug estimator

true •debug controller
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<...............-----...................... -........... -.....-.....

function Rose_Sul1ivan <r : REAL): REALi 

begin

Rose_Sul1 1van:• * ♦ I 5*sqr(«) - 6 .7»aqr(*)•* ♦ 4.Z5«aqr<aqr<x> ) I 

endi < function Roae_Sul1ivan >

<...... — ......—  ....................... ............................. .

function pump< pump_apeed:real):realI 

const kpump-It 

begin

pump:»kpump*pump_apeedi 

endi

.......................... ..................... — — ......... *......... .

function cut_point: REAl.i 

var

numerator, denomenator: REALi 

begin

if < S-pulp_.de.i .ity X - ®  then pulp_den«i ty: • 1 . 3i

numerator:■ I 4.8* exp< ® .46*1n( D c ))•exp( 0.6*1n( D i )>* exp< I . Z 1 • 1 n< D v ))
• *xp< 0.063»V)i

denomenator: ■ exp< 0 . 7 1 • 1 n< Du ) >»isxp< 0. 38* 1 n< h > > «exp< 0. 45* 1 m  fl o u ) )

• exp< 0.S»ln( S-pulp_denslty)>I 

cut_point:■ 0 . (W0 0 0I•numerator/denomenatori
endi i function cut t f»i '

{-.... -.................. -............................. -.......-.......

function distribution: <EALi 

var

numerator, denomenator: REALi 

Begin

Ph:« P/<pulp_denaity • g)i 

if Ph-0 then begin

urltelni’Ph-01)i

Ph:-0.Ii

endi

numerator:■ l.9*exo(3.31*ln( Du/Ov))»exp(0.S4»ln<h>)

• sxp( 0.36*1n< sqr ( Dut + sqr< Dv >))•exp( 0.0054*V )t 

denonenator:• exp(0.Z4tln<Ph))*exp(1.lt*ln(Oi))i 

distribution:9 numerator/denomenatori 

Endi < function distribution >

(.................................................*.......................

function pressure: REALi 

var

numerator, denomenator: REALi 

begin

numerator:• 1.88*exp( I,78*1n( f1o y )> *exp< 0.0055*V )I 

denomenator :■ •xp(0.37»ln<Dc)J»exp<0.94»in<Dl))»exp(0.Z8»ln<h))

• exp( 0.87»ln< sqrI Du)fsqr(Dv)))I 

pressure'" numerator/denomenatori

endi < function pressure )

<........ - ............................... — ........... - .................... ................ - .........
function flow_rate: REALi 

var

numerator, denominator. RET’.i 

begin

numerator:- 0. S3»exp( 0.S6»ln<P>> • exp(0.Z I•1n( D c >)

• exp( 0. 53» 1 n( Dl ) > • i»xp< 0. 16* 1 n< h ))

• exp< 0. 49* 1 n< aqr < D u ) ♦ aqi>Dv)))i 

denomenator:" exp<0.003)»V )i

flou_rate:■ numerator/denomenatorI 

endi

{....................— ............. .....*...................... -......

function lognormal < y , t'ean, SD: REAL): HEALi 

const

bt • ®.31938153i 

bZ - -0.35656378?i

i 3 »



b3 • t.781477937» 

b4 - - 1.82 IZ55978 i 

bS - 1.330Z744Z9 ; 

pi - 3. 141 S9ZEE>41 
r • 0.Z316419)

VAR

t , x , f x : REALi 

Begi n

if y"0 then 
begin

uriteln< *y*0 ’)« 

y ; * 0 0000001 i 
endi

x : * <ln(y*(1+sqr( SO/mean))/«can))/sqrt(1n<I+sqr< SD/wean)))i 

f x :* (I/sqrt( Z*pi))*exp<-sqr ( x)/Z)I 

t : * l/(t ♦ r*x) i

lognomal:* I ■ fx»<bl*t ♦ LZ*sqr(t) + b3*sqr(t)*t

♦ b4*sqr<sqr(t) ) + b5*sqr(sqr<t))*t ) i 

Fndi { function lognormal >

<.............. ....-........................... .........-................ >

procedure Model I 

var 

i:integeri 

S4e. S3«: REALi 

Begin

f1 ou:*pump< pump_speed)i

< feed size distribution >

T1 : *frac_req_gr ind*f eed_rate*disturb_reqi 

TZ^frac.f ines*f eed_rate*disturh f inesi 

T4:*frsc grind*feed rate»dlaturb orindi

< feasible states >

for i:-0 to NSTATE-1 do 

if xlil<0 then x[i):*0 i

{ sump output calculation

if< xt51♦xIBl+xt71) *0 then begin
z0:*0iz1:*0izZ : *0 

end

«lse begin

z0: - f lou* x[ 51/<xl6)xl7)+xlS] )| 

z I: *f 1 ou*x [ 61 /< x [ B J ♦ x 171 +x151) i 

zZ:-flou*xt71/(x[51+xlBl+xl71>i

pulp_d<ansi t y :*uater_densi ty*x[51/<x(51+xI6)*x[71 >

toi e .dvjns ity*< x I 61 ♦ x ( 7) )/(x[51+xl61+xl71 )|

end i

sunp_level:*(x(51+xl6)+x(7j ! /Vsunpi

{ hydrocyclone >

FI:*z0*delti
F 3:*zI*del11 
FZ:*^Z*delti

< calculate volumetric X solids in feed > 

if pulp_density <> 0 then
solids:* S«<pulp_density - 1)/(pulp_density*( S - ))>

else solids:*0 s

V:» pulp_density*solids/Si

< calculate cut point of cyclone > 

d&0 :■ cut_pointi

< calculate pressure drop across cyclone >

P:* pressurei
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{ calculate fraction of feed bypassing classification >

SC:- distribution:

Rv:- SC/(SC + l ) i

< calculate sharpness of separation )

«: - 1 . 94»exp( - t . 58*Rv ) ‘expf 0. 15* lri< sqr< ' *h/f low) ) i

{ calculate pobability of particle satisfying the > 

i required grind reporting to the underflow >
Ec:- I - exp<-®. 6931 *exp< «• 1 n< cut/d5®))' i
<if debug_w then unteln('Ec ' ,Ec,' d5P ’.dB®,’ cut ’ ,cut>:>

< calculate volume of required grind undergoing classification 

that reports to the overflow and underflow >

o3:- (1 - R v )•(t - Ec)*F3i 

U3:- ( t - Rv)*Ec»F3i

{ calculate distribution of fines undergoing classification > 

02:- <?■

UZ:- ®i

FOR i:-l to intervals do begin 

IF <i-l )

then probability:- I 

else 

begin

y:- <grate*( 1- 1 )/intervols - mean)/S0i 

probability:* lognorwally.nean.SD)i 

endi

y:- <grate*i/intervals - *ean)/SDi 

probability:- l o g n o r m n K y ,Mean,50) - probability]

Ec: - -®. 6931 *e»p< ln< grate* 1/ interval s/dS®)) i 
IF < Ec < -Z«> 

then Ec:- I

else Ec:- t - exp<Ec>i 

UZ:- UZ ♦ Ec*probability•< 1 - Rv)»FZi 

0Z:- 0Z ♦ < I - Ec)*prob«hi1ity*<1 - Rv)»FZi 

endi < for >

< calculate overflow watar > 

o l :-(1-Rv)»FIi

< calculate components of underflow >

01:- Rv*F1 1
UZ:- UZ ♦ Rv*FZi 

U3:- U3 ♦ Rv»F3i

< mass balance > 

olb:-oli 

u 1b:-uli
if (uZ+oZ)-® then begin

oZb:-®i 

uZb:-0 

end

else begin

oZb:-< oZ/< uZ+oZ)>*FZi 

uZb:-(uZ/(uZ+oZ))*FZi 

endi

if (u3+o3)-® then begin

o3b:-0i 

u3b:-0 : 

end

else begin

o3b:-<o3/(u3+o3) )*F3i 

u3b:-< u3/( u3+o3))*F3i 

endt

' AO



< calculate total volume flowing into the mill > 

underf 1 ou:• ( uZb+u3b)/del11
overflow: *< oZb-*o3b >/del 11 
If debup_m and opt_ti«e then begin 

ur it el n( ’ overflow ’ , aver f low: 3: Z ) i 

uriteln<'underflow ' .underflow:3:Z)i 

endi

( evaluate present status of internal variables } 

fc:* (XI 1} + X!Zl)/(Vo*(l * fines_voidage));

J :■ (XI31 ♦ X!41)/(Vo»(l - medla_voidage)>I 

IF (fc <-«.159) 

then SZ:* P >Rose_Sul1 1 van<J )
else SZ:* A M Z » e x p < 1n(0.1SB/fc>*0.55) - I>»Rose_Sul1ivanlJ ) i 

IF (fc*0) then uear_slope:* It 

IF <J“0) then uear_slope:“®i 

IF < fc<>0) and <J<>0> then

uear_slope:*1-fc/(J*0.4)|

IF yegr_«lnn* < flt than uear slope:*®i 

IP uear slope > I then wear_slope:*ti 

IF (X!0) ♦ X I 1) ♦ XIZ1 » 0) then discharge:* 0 

else discharqe:* Fpo*sqr<x!0)4x(ll+xlZ1 - ®.0Z»Vo)

* sqr t ( m (0]/<k I0 ) ♦*( 11+xt Z 1) ) |

( differential equations for m i l  model >

< chipping process >

S4e:« uear_slope«excess_uear*S4 ♦ S4«

S4e:* S4e*overloadI4 1 c 

dX!41: * T4 - S4e»X!41j

( abrasion process >

S3e:* uear_alope»exceer . siear»S3 + S3i 

S3e:« S3e»over 1oad!31i 

T3:• S4e«X!4]•□(4,31i 

dXl31: • T3 * S3e»X!31t

( crushing process >

IF (X101 + XII) ♦ X1Z1 - 0) then Y Z :• 0 

else VZ: ■ discharged! Z1 /( XI 01 iXl I, +XIZ1 ) i 

SZ:* SZ•over 1oadIZ1 I 

dX I 21: - TZ M  uZb/del t >♦ S3* )I3.Z)*XI3J

♦ S4e»D(4.Zl*X141 - SZ»XIZ1-YZ|

IF (XI©) ♦ XI II + XIZ1 - 0) 

then Y 1 :• 0
else YI: • discharged! U /( XI 0) + X! 11 + X! Z 1 ) i 

dX!II:- T 1♦(u3b/delt>♦S?•XIZ) + S3*Q(3,1)•XI 31

♦ S4e»Dt4 , 11•XI41 - Y1 1

( uater balance >

IF (XI0) ♦ XIII ♦ XIZI - 0) 

then Y0:* 0

else Y0: ■ discharged! 01 /( XI01 +Xt 11 +XI Z 1) i 

dX I 01 : — ml 1 l w a t  er+u ' ‘-./del t - y0i

( check feasible states >

for l:“0 to NSTATE-I do if xlil<0 then x(il:*0i 

( sump model >

( x5 volume of uater in the sump >

(inputs >

( sump_uater sump uater addition >

( pump_speed speed of pump }

(intermediate veriables >
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y0 flou of uater from will into the sump > 

yl flou of required grind into the sump ) 

yZ flou of fines into the sump )

outputs }

zC flou of uater out of the sump >

zl flou of required grind out of the sump

zZ flou of fines out of the sump >

if <*1514x16]+*17 1 )<>® then be0 in
dxl51 

Jxl 6) 

d*!7J 

end

else begin

dx(5):"y0+sump_uateri 

dxICi:“y ! • 

d».i71 :»yZi 

endi

< end sump model >

Endi < procedure model > 

<----«............*.........

: •y®+sump_uater-f lou* (x!5)/(x(51+xl6H*[7) ))< 

*y I - f 1 ou* < xl 6) / x(5)+x(61+xl7] )) I 

*/Z-flou»(x{71 <x(6)+x(71+xl5)>)i

<•
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