# --------------------------------------------------------------------------------------
|

#                                 COMPUTER PROGRAM                                    
|

#                                                                                                                 
|

#            CALCULATION OF A PLANT GROWTH CURVE              
|

#                                                                                                                 
|

# --------------------------------------------------------------------------------------
|

# --------------------------------------------------------------------------------------
|

#   CONTENT:                                                                                            
|

#   I INTRODUCTION                                                                                 |

#   II INPUT DATA                                                                                      |

#   III CALCULATION                                                                              
|

#   IV OUTPUT DATA: alpha, beta, c, H_A, H_B; Dev; charts                 
|

# --------------------------------------------------------------------------------------
|
# -----------------------------------------------------------------------------------------------
|

#   I INTRODUCTION:                                               
|

#   PROGRAM CALCULATES PARAMETERS α ≡ ALPHA, β ≡ BETA, c
|

#   OF A PLANT GROWTH CURVE defined in:                           
|

#   Pietruszka, M.A., J Plant Growth Regul 39: 841-866 (2020)                  
|

# -----------------------------------------------------------------------------------------------
|

# -----------------------------------------------------------------------------------------------
|

#   II INPUT (experimental) DATA:                                                
|

# -----------------------------------------------------------------------------------------------
|

n   = 33        
# n - number of pH[] and H_dat[] data

pH  = vector(RR,n) # measured pH; pH will

                   
# be scaled [0, 14] →[0, 1]

pH[ 0]=5.674; pH[ 1]=5.737; pH[ 2]=5.782; pH[ 3]=5.791; pH[ 4]=5.761;

pH[ 5]=5.695; pH[ 6]=5.598; pH[ 7]=5.469; pH[ 8]=5.323; pH[ 9]=5.181;

pH[10]=5.063; pH[11]=4.928; pH[12]=4.775; pH[13]=4.666; pH[14]=4.604; 

pH[15]=4.566; pH[16]=4.523; pH[17]=4.502; pH[18]=4.462; pH[19]=4.438; 

pH[20]=4.420; pH[21]=4.405; pH[22]=4.390; pH[23]=4.377; pH[24]=4.376; 

pH[25]=4.366; pH[26]=4.356; pH[27]=4.347; pH[28]=4.339; pH[29]=4.330; 

pH[30]=4.324; pH[31]=4.323; pH[32]=4.322

H_dat=vector(RR,n)    # H_dat[j],in [cm],

                   
# plant segment length measured at time t_j=Dt*j

H_dat[ 0] =1.0;          H_dat[ 1]=1.00356;  H_dat[ 2]=1.00508;   H_dat[ 3]=1.00711;

H_dat[ 4] =1.00965;  H_dat[ 5]=1.01220;  H_dat[ 6]=1.01474;   H_dat[ 7]=1.01778;

H_dat[ 8] =1.02185;  H_dat[ 9]=1.02540;  H_dat[10]=1.02998;  H_dat[11]=1.03455; 

H_dat[12]=1.03963;  H_dat[13]=1.04472; H_dat[14]=1.05030;  H_dat[15]=1.05640; 

H_dat[16]=1.06200;  H_dat[17]=1.06809; H_dat[18]=1.07520;  H_dat[19]=1.08181;

H_dat[20]=1.08841;  H_dat[21]=1.09553; H_dat[22]=1.10213;  H_dat[23]=1.10925; 

H_dat[24]=1.11585;  H_dat[25]=1.12246; H_dat[26]=1.12957;  H_dat[27]=1.13567; 

H_dat[28]=1.14177;  H_dat[29]=1.14787; H_dat[30]=1.15447;  H_dat[31]=1.16006; 

H_dat[32]=1.16616

DH    = 0.01  
# DH - measurement uncertainty of H_dat, in [cm]

T       = 25     
# T - temperature, in [°C]; 

                     
#       it will be scaled [0,T_max]°C →[0,1]

T_max = 45 
# T_max, in [°C] - maximal physiological temperature of the plant

Dt       = 900  
# Dt - interval between measurements, in [s]

PY    = 0.3    
# PY= P–Pc, in [MPa],

                      
# P-turgor pressure, Pc-yield threshold, both in [MPa] 

F_0   = 10^(-5)   # F_0 - Lockhart constant, in [1/(MPa s)]

# -----------------------------------------------------------------------------------------------
|

#            DATA VERIFICATION                    
|

# -----------------------------------------------------------------------------------------------
|

for j in range(n):pH[j]=pH[j]/14.

print "(1) pH was scaled!"

for j in range(n):     

    pH_sin[j]=0.3+0.02*sin(3.14/6*j)  # Experimental, sinusoidal pH

print "(2)"

#p1=point([(j, pH[j]) for j in range(n)] ).show(frame=True, figsize=6)

p1=point([(j, pH[j]) for j in range(n)] )

p2=point([(j, pH_sin[j]) for j in range(n)] )

p12=p1+p2

p12.axes_labels(["Data point index","pH scaled to [0, 1]"])

p12.show(frame=True, figsize=5)

print "Fig. 1 pH[j], j = 0,",n-1 , "scaled [0, 14] →[0, 1]"

print

print "(3)"

p=point( [(j, H_dat[j]) for j in range(n)] )

p.axes_labels(["Data point index",'Segment length H_dat [cm]'])

p.show(frame=True, figsize=5)

print "Fig. 2 H_dat[j], j=0,",n-1

print

T=T/T_max

print "(4) Temperature was scaled [0,T_max=", T_max,"]°C →[0,1]"

print 

print "(5) END OF INPUT DATA MODULE. RUN CALCULATIONS IN THE NEXT CELL!"


# -----------------------------------------------------------------------------------------------
|

#                                                                                                                    
|
#             MARY & JOSEPH I                                                                                
|
#                                                                                                                             
|
# ---------------------------  III CALCULATIONS ---------------------------------------|
#                                                                                                 

#  (1) 1.1 alpha≡aa is in range (0, 50)  - numbers in the range can be freely changed (below )                                  

#                                        - find XXXX letters                                 

#      1.2 betha≡bb is in range (0, 28)  - numbers in the range can be freely changed             

#      1.3 initial point H_A of MP curve is moved nearby H_dat[0]; we make 21 steps equal to DH/10 

#            within uncertainty region of H_dat[0]                                                  

#      1.4 final point H_B of MP curve is moved nearby H_dat[n-1]; we make 21 steps equal to DH/10 

#          within uncertainty region of H_dat[n-1]                                                

#  (2) calculation of c≡cc(aa,bb, H_A, H_B) of the growth curve, 

#  (3) calculation of the growth curve H_Pie(aa,bb,cc,H_A; j), j=0, n-1

#  (4) check of the quality of approximation, i.e. whether the distance the H_Pie curve

#      from the measurement points does not exceed the uncertainty DH of H_dat data, i.e.

#         | H_Pie[j]-H_dat[j] | < DH,    j=0, n-1

#  (5) 5.1 calculation of the deviation Dev(aa,bb,cc,H_A) of the H_Pie curve from points H_dat[j]

#      5.2 successive record of aa,bb,cc,H_A, if Dev(aa,bb,cc,H_A) goes down for constant (aa,bb)   

#          - determination of Dev_min

#      5.3 successive record of aa,bb,cc,H_A, if Dev(aa,bb,cc,H_A) goes down absolutely

#          - determination of Dev_min_abs

#  (6) Fanal raport: alpha, beta, c, Dev_min_abs; plot of the growth curve and data H_dat points

# -----------------------------------------------------------------------------------------------
|

import numpy as np

import numpy.linalg

# xx - measured data index vector

xx=np.array([0,1,2,3,4,5,6,7,8,9,10,11,12,13,14,15,16,17,18,19,20,21,22,23,24,25,\

             26,27,28,29,30,31,32,33,34,35,36,37,38,39,40,1,42,43,44,45,46,47,48,\

             49,50,51,52,53,54,5556,57,58,59,60])

var ('v')

H_Pie = vector(RR,n) # H_Pie[j] – segment hight at t_j = Dt*j 

W_Dat = list_plot(list(zip(xx, H_dat)), color='blue',  figsize=5.5,frame='true', legend_label="data")

W_Loc=plot(H_dat[0]*exp(PY*F_0* Dt*v),(v,0,n), color='brown',thickness=1, linestyle=':',\

legend_label="Lockhart")

Dev_H_min_abs  = 10^8        # do not remove!

for aa in range(0, 50):      # XXXX - numbers aa≡alpha in range(0, 50) can be freely changed (integer)

    for bb in range(0, 28):  # XXXX - numbers bb≡betha in range(0, 28) can be freely changed (integer)      

        #print "alpha= %6.3f,   beta= %6.3f" % (aa,bb)

        Dev_H_min = 10^8      # do not remove!

        Wskaznik_ab = False

        # Calculation of the constant factor calka

        calka=0

        s_0= pH[0]^(bb-1)*(1-pH[0])^(aa-1)    

        for j in range(0,n-1):

            s_1 = pH[j+1]^(bb-1)*(1-pH[j+1])^(aa-1)

            calka=calka+ Dt/2*(s_0 + s_1)

            s_0=s_1      #OK!

        # A. Change of points H_A and H_B of the curve

        for i_A in range(-10,11):    

            for i_B in range(-10,11):

                H_A = H_dat[0]   + DH/10 * i_A  #change of the starting point

                H_B = H_dat[n-1] + DH/10 * i_B  #change of the endpoint       

                cc = ln(H_B/H_A)/(T^(aa-1) * (1-T)^(bb-1) * F_0 * PY * calka)    # cc(aa,bb) calculation      

                pom_k = T^(aa-1) * (1-T)^(bb-1) * cc * F_0 * PY

                s_0= pH[0]^(bb-1)*(1-pH[0])^(aa-1)

                # B. Calculation of the growth curve H_Pie

                # C. The pointer Wskaznik changes to False if at any point abs(H_Pie[j+1]-H_dat[j+1]) > DH,  

                #    i.e the curve deviation from H_dat[j] exceeds the uncertainty DH of H_dat measurement; 

                #    such solutions are ignored

                # D. Calculation of deviation Dev 

                Wskaznik = True

                H_Pie[0] = H_A   # initial point of MP curve!

                Dev_H = (H_Pie[0]-H_dat[0])^2

                s_0= pH[0]^(bb-1)*(1-pH[0])^(aa-1)

                for j in range(0,n-1): #range(n_1,n_2-1):  

                    s_1 = pH[j+1]^(bb-1)*(1-pH[j+1])^(aa-1)

                    H_Pie[j+1]=H_Pie[j]*exp(pom_k*Dt/2* (s_0 + s_1))

                    Dev_H = Dev_H + (H_Pie[j+1]-H_dat[j+1])^2

                    s_0=s_1 

                    if abs(H_Pie[j+1]-H_dat[j+1]) > DH: 

                        Wskaznik = False

                if Wskaznik == True and Dev_H < Dev_H_min: # record of the solution 

                    Wskaznik_ab = True

                    Dev_H_min = Dev_H  

                    #print "H_A= %6.3f,   H_B= %6.3f" % (H_A, H_B)

                    print "alpha= %6.3f,   beta= %6.3f,   Dev_H_min= %8.7f" % (aa,bb, Dev_H_min)

                    #W_Pie=list_plot(H_Pie, plotjoined=True,color='red', legend_label="abc curve")

                    #p=W_Dat+W_Pie

                    #p.show(figsize=3)

                    # Record of the best minimum 

                    if Dev_H_min < Dev_H_min_abs:

                        Dev_H_min_abs = Dev_H_min

                        aa_min_abs=aa

                        bb_min_abs=bb

                        cc_min_abs=cc

                        H_A_min_abs=H_A

                        H_B_min_abs=H_B

                        print "alpha= %6.3f,   beta= %6.3f,   Dev_H_min_abs= %8.7f" %\

                        (aa_min_abs,bb_min_abs, Dev_H_min_abs)

                        W_Pie_min_abs=list_plot(H_Pie, plotjoined=True,color='red',legend_label="abc curve")

                        p=W_Dat+W_Pie_min_abs

                        p.show(figsize=3)

        if Wskaznik_ab == False: print "alpha= %6.3f,   beta= %6.3f     - no solution" % (aa,bb)

print 

print "FINISH"

print 

# Final print
print

print "SEARCH RESULTS"
print "alpha= %7.6f,   beta= %7.6f,   c= %8.5e  Dev_H_min_abs =%12.11f"%\

(aa_min_abs, bb_min_abs, cc_min_abs, Dev_H_min_abs)

#print  "H_dat[0]  = %6.3f,     H_dat[n-1] = %6.3f" % (H_dat[0], H_dat[n-1])

print  "H_A         = %6.3f,     H_B           = %6.3f" % (H_A_min_abs, H_B_min_abs)

p=W_Dat+W_Loc+W_Pie_min_abs

p.axes_labels(["Data point index",'Plant segment height [cm]'])

p.show(figsize=6)
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