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H. F. M. Boelens, D. Iron, J. A. Westerhuis and G. Rothenberg

This is an annotated MATLAB 6.1 m-file routine for quick evaluation of high-throughput sampling
strategies.

1  function [o_xinf,o_times] = Compstrat(k,nmeas,Tmeas,Tinf)
2  % function [o_xinf,o_times] = Compstrat(k,nmeas,Tmeas,Tinf)
3  %
4  % Purpose:
5  % ========
6  % Compare the effect of the various sampling strategies
7  % for estimating the kinetic constant of a first order reaction
8  % using the results of Appendix of the publication:
9  % "TRACKING CHEMICAL KINETICS IN HIGH-THROUGHPUT SYSTEMS"
10 % Boelens, et al.
11 %
12 % Input:
13 % ======
14 % k - scalar.
15 % Kinetic constant of first order reaction [min^-1].
17 %
18 % nmeas - scalar or vector.
19 % Number of measurements to perform. If "nmeas" is
20 % a vector the relative performance of the three
21 % different sampling strategies will
22 % be plotted as a function of the number of
23 % measurements.
24 %
25 % Tmeas - Time needed to do a measurement [min].
26 %
27 % Tinf - Maximum time to consider [min].
28 %
29 %
30 % Output:
31 % =======
32 % o_xinf - vector or matrix
33 % Each row (i) contains the squared sum of the
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34 % information vector for the sampling
35 % strategies S1,S2,S3 and S4. The values
36 % of the i-th row belong to the number of
37 % measurements contained in: nmeas(i).
38 % Example: When nmeas = [2,3], then first
39 % row, o_xinf(1,:), contains results for
40 % doing 2 measurements, and the second row
41 % o_xinf(2,:) results for doing 3
42 % measurements.
43 %
44 % o_times - matrix
45 % Times at which measurements are done for the
46 % various sampling strategies:
47 % o_times(:,1) - Strategy S1.
48 % o_times(:,2) - Strategy S2.
49 % o_times(:,3) - Strategy S3.
50 % Only returned when "nmeas" is a scalar.
51 %
52 % Description:
53 % ============
54 % The next sampling strategies are considered (see publication):
55 % S1 Equidistant sampling along time axis.
56 % S2 Pack samples at start of reaction.
57 % S3 Equidistant sampling along concentration axis.
58 % S4 Theoretically optimal sampling strategy.
59 %
60 % Examples of use:
61 % ================
62 % Compstrat(0.20,3,1)
63 % Compare strategies for:
64 % + k = 0.20 min^-1
65 % + 3 measurements
66 % + Time for measurement is 1 min.
67 %
68 % Compstrat(0.20,2:1:20,2)
69 % Compare strategies for:
70 % + k = 0.20 min^-1
71 % + Test strategies for different number of measurements.
72 % + take as 2 minutes as the time needed to do a measurement.
73 close all % Close all figure windows.
74 xinf=[];stimes=[];c3=[];
75 if ( nargin < 1 )
76 k = input('Kinetic constant [min^-1] (default: 0.23 min^-1) : ');
77 end
78 if ( isempty(k) )
79 k = 0.23;
80 fprintf('Compstrat: Kinetic constant %8.2f [min^-1]\n',k);
81 end
82 if ( ~all(size(k) == 1) )
83 error('Compstrat: "k" must be a scalar')
84 end
85
86 if ( nargin < 2 )
87 nmeas = input('Number of measurements (default: 3) : ');
88 end
89 if ( isempty(nmeas) )
90 nmeas = 3;
91 end
92
93 if ( nargin < 3 )
94 Tmeas = input('Time for a measurement [min^-1] (default: 10 sec) : ');
95 end
96 if ( isempty(Tmeas) )
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97 Tmeas = 10/60; % Tmeas = 10 sec
98 end
99
100 if ( nargin < 4 )
101 % No Tinf specified. set to 6/k
102 Tinf = 6/k;
103 end
104
105 Tdel = Tmeas / 10;
106 Taxis = 0:Tdel:Tinf;
107 c_curve = exp(-k .* Taxis);
108 Dc_curve = (Taxis .* exp(-k .* Taxis)).^2;
109
110 if ( isempty(nmeas) )
111 nmeas = input('# measurements: ');
112 end
113
114 if ( size(nmeas) == [1,1] )
115
116 % xinf(1) is squared sum of information vector for strategy 1.
117 [xinf(1),F1,ts1] = strat1(nmeas,k,Tmeas,Tinf);
118
119 % xinf(2) is squared sum of information vector for strategy 2.
120 [xinf(2),F2,ts2] = strat2(nmeas,k,Tmeas);
121
122 % xinf(3) is squared sum of information vector for strategy 3.
123 [xinf(3),F3,ts3,cs3] = strat3(nmeas,k,Tmeas);
124
125 % xinf(4) is squared sum of information vector for best strategy.
126 [xinf(4),F4,ts4] = strat4(nmeas,k);
127
128 if ( nargout == 0 )
129
130 % Plot compares various strategies.
131 figure(1)
132 subplot(2,1,1)
133 plot(Taxis,c_curve,'k-')
134 hold on
135 plot(ts1,zeros(size(ts1)),'ko','linewidth',1.5,'markersize',6,'markerface','r');
136 plot(ts2,zeros(size(ts2)),'ks','linewidth',1.5,'markersize',6,'markerface','b');
137 plot(zeros(size(cs3)),cs3,'kd','linewidth',1.5,'markersize',6,'markerface','g');
138 legend('conc','strat: S1','strat: S2','strat: S3');
139 axis([-0.1/k,Tinf,ylim]);
140 lims = axis;
141 ylabel('\it{a_{ t}}');
142
143 subplot(2,1,2)
144 plot(Taxis,Dc_curve,'k-');hold on
145 plot(ts1,F1.^2,'ko','linewidth',1.5,'markersize',6,'markerfacecolor','r');
146 plot(ts2,F2.^2,'ks','linewidth',1.5,'markersize',6,'markerfacecolor','b');
147 plot(ts3,F3.^2,'kd','linewidth',1.5,'markersize',6,'markerfacecolor','g');
148 plot([1/k,1/k],ylim,'r:')
149 axis([lims(1:2),ylim]);
150 xlabel('\it{Time / Min}');
151 ylabel('\it{f^{ 2}}');
152
153 else
154 o_xinf = xinf;
155 o_times = [ts1',ts1',ts3'];
156 end
157
158 elseif ( min(size(nmeas)) == 1 )
159
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160 % Calculate xinf ( total information value ) for each
161 % separate strategy. Loop runs over the number
162 % measurements for which the calculations
163 % are made.
164 for ( imeas = 1:length(nmeas) )
165 xinf(imeas,1) = strat1(nmeas(imeas),k,Tmeas,Tinf);
166 xinf(imeas,2) = strat2(nmeas(imeas),k,Tmeas);
167 xinf(imeas,3) = strat3(nmeas(imeas),k,Tmeas);
168 xinf(imeas,4) = strat4(nmeas(imeas),k);
169 end
170
171 % Calculate relative preformace [percent] of strategies
172 % S1,S2,S3 with respect to the best strategy (S4).
173 xinf(:,1) = xinf(:,1) ./ xinf(:,4) * 100;
174 xinf(:,2) = xinf(:,2) ./ xinf(:,4) * 100;
175 xinf(:,3) = xinf(:,3) ./ xinf(:,4) * 100;
176
177 if ( nargout == 0 )
178
179 % Plot when variable "nmeas" is vector.
180 figure(1)
181 plot(nmeas,xinf(:,1),'ko','linewidth',1.5,'markersize',6,'markerfacecolor','r');
182 hold on
183 plot(nmeas,xinf(:,2),'ks','linewidth',1.5,'markersize',6,'markerfacecolor','b');
184 plot(nmeas,xinf(:,3),'kd','linewidth',1.5,'markersize',6,'markerfacecolor','g');
185 xlabel('# measurements');
186 ylabel('Relative performance[%]');
187 legend('S1','S2','S3');
188 title(sprintf('k = %5.2f [min]^{-1} Tmeas: %5.2f [min]',k,Tmeas));
189
190 else
191
192 o_xinf = xinf;
193 o_times = [];
194
195 end
196
197 end
198
199 function [xinf1,F1,ts1] = strat1(nmeas,k,Tmeas,Tinf)
200 % +++++> Sampling strategy 1: Equidistant sampling along time axis.
201 Tdel = Tinf / (nmeas+1);
202 if ( Tdel < Tmeas )
203 Tdel = Tmeas;
204 end
205 ts1 = Tdel:Tdel: Tinf - Tdel;
206 F1 = ts1 .* exp(-k .* ts1);
207 xinf1 = sum(F1 .* F1);
208
209 function [xinf2,F2,ts2] = strat2(nmeas,k,Tmeas)
210 % +++++> Sampling strategy 2: Pack samples at start of reaction.
211 ts2 = Tmeas:Tmeas:(nmeas) * Tmeas;
212 F2 = ts2 .* exp(-k .* ts2);
213 xinf2 = sum(F2 .* F2);
214
215 function [xinf3,F3,ts3,Cs3] = strat3(nmeas,k,Tmeas)
216 % +++++> Sampling strategy 3: Equidistant sampling concentration axis.
217 Cdel = 1 / (nmeas+1);
218 Cs3 = 1-Cdel:-Cdel:0+Cdel;
219 ts3 = -log(Cs3)/k;
220 ts3_0 = [0,ts3];
221 index = find ( diff(ts3_0) < Tmeas );
222 done = 0;
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223  while ( ~isempty(index) )
224 for ( i = 1:length(index) )
225 ts3(index(i)) = ts3_0(index(i)) + Tmeas + 100*eps;
226 ts3_0 = [0,ts3];
227 end
228 index = find ( diff(ts3_0) < Tmeas );
229 if ( done )
230 fprintf('%d ',nmeas);
231 done = 1;
232 end
233 end
234 fprintf('\n')
235 F3 = ts3 .* exp(-k .* ts3);
236 xinf3 = sum(F3 .* F3);
237
238 function [xinf4,F4,ts4] = strat4(nmeas,k)
239 % +++++> Sampling strategy 4: Optimal sampling.
240 ts4 = 1/k * ones(nmeas,1);
241 F4 = ts4 .* exp(-k .* ts4);
242 xinf4 = sum(F4 .* F4);
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