Choosing Parameter Values for a Geometric CUSUM:      Supplemental Sections available online
Section S1:  Interplay Between the Choice of ANNS(pa) and Speed of Detection of a Shift
	In this paper results are presented from searches to find values for the parameters (k, h) of a geometric CUSUM chart such that ANNS(pa) closely exceeds one of five specified levels.   The five chosen levels for ANNS(pa) are 25, 50, 100, 200 and 300.  It is important to be aware that if one wishes to have ANNS(pa) as high as 200 or 300, the consequence of this is that ANNS(pr) will be considerably higher than (it would be) if one had chosen ANNS(pa) as low as 25.   This is illustrated in Table S1, for ten geometric CUSUMs, five designed to detect a shift from pa = 0.01 to pr = 0.02, and five to detect a shift from pa = 0.01 to pr = 0.03.  Thus, a balance should be found between a lower rate of false signals, which is determined by the level chosen for ANNS(pa), and faster detection of an important shift.

TABLE S1:  Illustration of the Effect of the Chosen Level for ANNS(pa) on the Value of ANNS(pr), for 			 CUSUMs Detecting a Shift from pa = 0.01 to pr = 0.02, and for CUSUMs Detecting a Shift 			 from pa = 0.01 to pr = 0.03.
_____________________________________________________________________________________
Parameters (k, h)    ANNS(pa)     ANNS(pr = 0.02)		       Parameters (k, h)   	 ANNS(pa)      ANNS(pr  = 0.03)
_____________________________________________________________________________________

	80, 219		25.1			7.03				63, 126		25.3			4.99		77, 277		50.0			9.39				61, 159		50.5			6.28
	75, 338	       100.0		       12.08				59, 187	       100.2			7.64
	73, 392	       200.9		       15.05				58, 219	       200.1			9.08
	73, 439	       300.8		       16.86				57, 233	       300.5			9.95
_____________________________________________________________________________________

	How is a user to choose among these five levels for ANNS(pa) in designing a geometric CUSUM scheme?  The lower levels (25 and 50) might be used if a higher frequency of false signals could be tolerated because the cost of investigating a false signal is low.  Another reason for choosing the levels 25 or 50 would be if there was a high cost arising from delay in detecting a real shift.  In contrast, if it is important to avoid false signals, one would choose ANNS(pa) to be 100 or higher.  

Section S2: Tables of the quantities (h×pa), and (h/k) for tabulated geometric CUSUM schemes
[bookmark: _Hlk508438133]It is useful to consider the quantities (h×pa), and (h/k) for the CUSUM schemes listed in Tables 2,3,4, 5, and 6.  Values of these quantities are presented in Tables S2, S3, S4, S5 and S6.  



TABLE S2:  Tabulated Illustrations of the Stability of each of (h×pa) and (h/k) for Geometric CUSUM schemes 
	       	   for Detecting a Shift from pa to 1.5×pa
________________________________________________________________________________________________________________________
					Values of the in-control proportion pa (in percent)
	4.0
	3.0
	2.5
	2.0
	1.8
	1.6
	1.4
	1.2
	1.0
	0.9
	0.8
	0.7
	0.6
	0.5
	0.4
	0.3
	0.2
	0.1
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	ANNS(pa) = 25 
	
	
	Row 1: values of h×pa  	Row 2: values of h/k 
	
	
	
	
	
	
	

	3.080
	3.180
	3.150
	3.300
	3.258
	3.344
	3.290
	3.264
	3.310
	3.267
	3.264
	3.290
	3.270
	3.315
	3.312
	3.303
	3.316
	3.316
	Extrapolation

	3.500
	3.533
	3.500
	3.587
	3.549
	3.603
	3.561
	3.532
	3.559
	3.524
	3.517
	3.534
	3.516
	3.545
	3.538
	3.529
	3.535
	3.531
	3.5308

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	 ANNS(pa) = 50
	
	
	Row 1: values of h×pa  	Row 2: values of h/k 
	
	
	
	
	
	
	

	3.880
	4.200
	4.225
	4.220
	4.230
	4.176
	4.172
	4.248
	4.250
	4.248
	4.312
	4.298
	4.254
	4.260
	4.260
	4.260
	4.294
	4.296
	Extrapolation

	4.619
	4.828
	4.829
	4.795
	4.796
	4.745
	4.730
	4.784
	4.775
	4.768
	4.813
	4.797
	4.758
	4.760
	4.754
	4.749
	4.771
	4.768
	4.7681

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	ANNS(pa) = 100 
	
	
	Row 1: values of h×pa  	Row 2: values of h/k 
	
	
	
	
	
	
	

	5.320
	5.130
	5.250
	5.380
	5.418
	5.392
	5.432
	5.304
	5.400
	5.454
	5.408
	5.460
	5.460
	5.420
	5.420
	5.403
	5.428
	5.453
	Extrapolation

	6.333
	6.107
	6.176
	6.256
	6.271
	6.241
	6.258
	6.139
	6.207
	6.247
	6.202
	6.240
	6.233
	6.194
	6.187
	6.168
	6.182
	6.197
	6.1992

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	ANNS(pa) = 200 
	
	
	Row 1: values of h×pa  	Row 2: values of h/k 
	
	
	
	
	
	
	

	6.960
	6.660
	6.125
	6.420
	6.552
	6.560
	6.678
	6.576
	6.460
	6.588
	6.592
	6.503
	6.600
	6.630
	6.604
	6.609
	6.614
	6.619
	Extrapolation

	8.286
	7.929
	7.424
	7.643
	7.745
	7.736
	7.820
	7.718
	7.600
	7.705
	7.701
	7.615
	7.692
	7.709
	7.679
	7.676
	7.673
	7.670
	7.6818

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	ANNS(pa) = 300 
	
	
	Row 1: values of h×pa  	Row 2: values of h/k 
	
	
	
	
	
	
	

	6.600
	6.630
	6.975
	7.340
	6.894
	6.960
	7.168
	7.116
	7.060
	7.236
	7.272
	7.210
	7.350
	7.255
	7.292
	7.263
	7.302
	7.273
	Extrapolation

	8.250
	8.185
	8.455
	8.738
	8.326
	8.365
	8.533
	8.471
	8.405
	8.553
	8.575
	8.512
	8.627
	8.535
	8.559
	8.525
	8.550
	8.516
	8.5435









TABLE S3:  Tabulated Illustrations of the Stability of each of (h×pa) and (h/k) for Geometric CUSUM schemes 
	            for Detecting a Shift from pa to 2×pa
_______________________________________________________________________________________________________________________
					Values of the in-control proportion pa (in percent)
	4.0
	3.0
	2.5
	2.0
	1.8
	1.6
	1.4
	1.2
	1.0
	0.9
	0.8
	0.7
	0.6
	0.5
	0.4
	0.3
	0.2
	0.1
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	ANNS(pa) = 25
	
	
	Row 1: values of h×pa  	Row 2: values of h/k
	
	
	
	
	
	
	

	2.120
	2.190
	2.100
	2.120
	2.178
	2.224
	2.198
	2.148
	2.190
	2.187
	2.176
	2.205
	2.196
	2.195
	2.208
	2.196
	2.210
	2.204
	Extrapolation

	2.789
	2.808
	2.710
	2.718
	2.750
	2.780
	2.754
	2.712
	2.738
	2.730
	2.720
	2.739
	2.731
	2.727
	2.733
	2.721
	2.728
	2.721
	2.7269

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	ANNS(pa) = 50 
	
	
	Row 1: values of h×pa  	Row 2: values of h/k
	
	
	
	
	
	
	

	2.560
	2.760
	2.700
	2.760
	2.700
	2.800
	2.814
	2.772
	2.770
	2.808
	2.736
	2.751
	2.778
	2.780
	2.784
	2.784
	2.786
	2.787
	Extrapolation

	3.556
	3.680
	3.600
	3.632
	3.571
	3.646
	3.655
	3.609
	3.597
	3.628
	3.563
	3.573
	3.589
	3.587
	3.588
	3.583
	3.581
	3.578
	3.5815

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	ANNS(pa) = 100
	
	
	Row 1: values of h×pa  	Row 2: values of h/k
	
	
	
	
	
	
	

	3.320
	3.210
	3.225
	3.360
	3.312
	3.280
	3.332
	3.336
	3.380
	3.339
	3.392
	3.339
	3.342
	3.395
	3.400
	3.387
	3.402
	3.405
	Extrapolation

	4.611
	4.458
	4.448
	4.541
	4.488
	4.457
	4.491
	4.484
	4.507
	4.470
	4.511
	4.458
	4.456
	4.497
	4.497
	4.480
	4.488
	4.486
	4.4844

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	ANNS(pa) = 200
	
	
	Row 1: values of h×pa  	Row 2: values of h/k
	
	
	
	
	
	
	

	3.520
	4.020
	4.025
	3.880
	3.870
	3.840
	3.934
	3.972
	3.920
	4.032
	3.984
	3.962
	3.996
	4.015
	4.000
	4.002
	4.006
	4.009
	Extrapolation

	5.176
	5.583
	5.552
	5.389
	5.375
	5.333
	5.404
	5.426
	5.370
	5.463
	5.413
	5.390
	5.415
	5.426
	5.405
	5.401
	5.399
	5.396
	5.4048

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	ANNS(pa) = 300
	
	
	Row 1: values of h×pa  	Row 2: values of h/k
	
	
	
	
	
	
	

	3.960
	3.990
	4.075
	4.360
	4.320
	4.304
	4.172
	4.248
	4.390
	4.356
	4.328
	4.312
	4.368
	4.320
	4.344
	4.329
	4.350
	4.353
	Extrapolation

	5.824
	5.783
	5.821
	6.056
	6.000
	5.978
	5.843
	5.900
	6.014
	5.975
	5.945
	5.923
	5.967
	5.918
	5.934
	5.914
	5.926
	5.922
	5.9282









TABLE S4:  Tabulated Illustrations of the Stability of each of (h×pa) and (h/k) for Geometric CUSUM schemes 
	            for Detecting a Shift from pa to 3×pa
________________________________________________________________________________________________________________________
					Values of the in-control proportion pa (in percent)
	4.0
	3.0
	2.5
	2.0
	1.8
	1.6
	1.4
	1.2
	1.0
	0.9
	0.8
	0.7
	0.6
	0.5
	0.4
	0.3
	0.2
	0.1
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	ANNS(pa) = 25 
	
	
	Row 1: values of h×pa  	Row 2: values of h/k 
	
	
	
	
	
	
	

	1.240
	1.200
	1.300
	1.260
	1.296
	1.264
	1.274
	1.296
	1.260
	1.296
	1.296
	1.274
	1.266
	1.285
	1.280
	1.284
	1.288
	1.289
	Extrapolation

	2.067
	2.000
	2.080
	2.032
	2.057
	2.026
	2.022
	2.038
	2.000
	2.028
	2.025
	2.000
	1.991
	2.008
	2.000
	2.000
	2.000
	1.998
	2.0010

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	 ANNS(pa) = 50
	
	
	Row 1: values of h×pa  	Row 2: values of h/k 
	
	
	
	
	
	
	

	1.440
	1.470
	1.600
	1.580
	1.530
	1.600
	1.568
	1.608
	1.590
	1.593
	1.568
	1.610
	1.578
	1.595
	1.592
	1.599
	1.606
	1.608
	Extrapolation

	2.571
	2.579
	2.667
	2.633
	2.576
	2.632
	2.605
	2.627
	2.607
	2.603
	2.579
	2.614
	2.578
	2.593
	2.584
	2.587
	2.590
	2.589
	2.5873

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	 ANNS(pa) = 100
	
	
	Row 1: values of h×pa  	Row 2: values of h/k 
	
	
	
	
	
	
	

	1.840
	1.860
	1.850
	1.860
	1.818
	1.920
	1.876
	1.872
	1.870
	1.899
	1.880
	1.890
	1.920
	1.915
	1.912
	1.926
	1.912
	1.922
	Extrapolation

	3.286
	3.263
	3.217
	3.207
	3.156
	3.243
	3.190
	3.184
	3.169
	3.197
	3.176
	3.176
	3.200
	3.192
	3.187
	3.194
	3.176
	3.182
	3.1845

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	ANNS(pa) = 200 
	
	
	Row 1: values of h×pa  	Row 2: values of h/k 
	
	
	
	
	
	
	

	2.240
	2.250
	2.050
	2.100
	2.214
	2.208
	2.170
	2.172
	2.190
	2.232
	2.216
	2.184
	2.184
	2.205
	2.224
	2.217
	2.228
	2.220
	Extrapolation

	4.000
	3.947
	3.727
	3.750
	3.844
	3.833
	3.780
	3.771
	3.776
	3.815
	3.795
	3.759
	3.753
	3.769
	3.782
	3.770
	3.776
	3.763
	3.7700

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	ANNS(pa) = 300 
	
	
	Row 1: values of h×pa  	Row 2: values of h/k 
	
	
	
	
	
	
	

	2.080
	2.190
	2.250
	2.320
	2.286
	2.288
	2.394
	2.400
	2.330
	2.385
	2.376
	2.415
	2.418
	2.390
	2.384
	2.397
	2.408
	2.410
	Extrapolation

	4.000
	4.056
	4.091
	4.143
	4.097
	4.086
	4.171
	4.167
	4.088
	4.141
	4.125
	4.157
	4.155
	4.121
	4.110
	4.119
	4.123
	4.120
	4.1270








TABLE S5:  Tabulated Illustrations of the Stability of each of (h×pa) and (h/k) for Geometric CUSUM schemes 
	            for Detecting a Shift from pa to 5×pa
________________________________________________________________________________________________________________________
					Values of the in-control proportion pa (in percent)
	4.0
	3.0
	2.5
	2.0
	1.8
	1.6
	1.4
	1.2
	1.0
	0.9
	0.8
	0.7
	0.6
	0.5
	0.4
	0.3
	0.2
	0.1
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	ANNS(pa) = 25 
	
	
	Row 1: values of h×pa  	Row 2: values of h/k  
	
	
	
	
	
	
	

	0.600
	0.630
	0.700
	0.660
	0.684
	0.672
	0.672
	0.684
	0.690
	0.684
	0.696
	0.686
	0.702
	0.690
	0.696
	0.693
	0.696
	0.698
	Extrapolation

	1.500
	1.500
	1.556
	1.500
	1.520
	1.500
	1.500
	1.500
	1.500
	1.490
	1.500
	1.485
	1.500
	1.484
	1.487
	1.481
	1.481
	1.479
	1.4835

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	ANNS(pa) = 50  
	
	
	Row 1: values of h×pa  	Row 2: values of h/k  
	
	
	
	
	
	
	

	0.800
	0.810
	0.825
	0.780
	0.828
	0.816
	0.812
	0.840
	0.820
	0.828
	0.848
	0.840
	0.846
	0.845
	0.832
	0.837
	0.840
	0.844
	Extrapolation

	2.000
	1.929
	1.941
	1.857
	1.917
	1.889
	1.871
	1.892
	1.864
	1.878
	1.893
	1.875
	1.880
	1.878
	1.856
	1.860
	1.858
	1.859
	1.8684

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	ANNS(pa) = 100  
	
	
	Row 1: values of h×pa  	Row 2: values of h/k  
	
	
	
	
	
	
	

	0.960
	0.900
	0.925
	0.980
	0.954
	0.960
	0.966
	1.008
	0.990
	0.999
	0.992
	1.001
	1.014
	0.995
	0.996
	1.002
	1.006
	1.011
	Extrapolation

	2.400
	2.308
	2.313
	2.333
	2.304
	2.308
	2.300
	2.333
	2.302
	2.313
	2.296
	2.306
	2.315
	2.287
	2.284
	2.288
	2.286
	2.287
	2.2919

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	ANNS(pa) = 200  
	
	
	Row 1: values of h×pa  	Row 2: values of h/k  
	
	
	
	
	
	
	

	1.160
	1.080
	1.100
	1.080
	1.134
	1.136
	1.148
	1.140
	1.140
	1.152
	1.152
	1.162
	1.152
	1.165
	1.172
	1.170
	1.166
	1.172
	Extrapolation

	2.900
	2.769
	2.750
	2.700
	2.739
	2.731
	2.733
	2.714
	2.714
	2.723
	2.717
	2.721
	2.704
	2.709
	2.713
	2.708
	2.699
	2.700
	2.7087

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	ANNS(pa) = 300  
	
	
	Row 1: values of h×pa  	Row 2: values of h/k  
	
	
	
	
	
	
	

	1.040
	1.170
	1.200
	1.180
	1.242
	1.248
	1.190
	1.260
	1.250
	1.260
	1.264
	1.239
	1.266
	1.255
	1.244
	1.251
	1.260
	1.266
	Extrapolation

	2.889
	3.000
	3.000
	2.950
	3.000
	3.000
	2.931
	3.000
	2.976
	2.979
	2.981
	2.950
	2.972
	2.953
	2.934
	2.937
	2.944
	2.944
	2.9499








TABLE S6:  Tabulated Illustrations of the Stability of each of (h×pa) and (h/k) for Geometric CUSUM schemes 
	            for Detecting a Shift from pa to 7×pa
________________________________________________________________________________________________________________________
					Values of the in-control proportion pa (in percent)
	4.0
	3.0
	2.5
	2.0
	1.8
	1.6
	1.4
	1.2
	1.0
	0.9
	0.8
	0.7
	0.6
	0.5
	0.4
	0.3
	0.2
	0.1
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	ANNS(pa) = 25   
	
	
	Row 1: values of h×pa  	Row 2: values of h/k   
	
	
	
	
	
	
	

	0.400
	0.420
	0.450
	0.460
	0.450
	0.432
	0.448
	0.432
	0.450
	0.450
	0.448
	0.448
	0.450
	0.455
	0.456
	0.456
	0.454
	0.456
	Extrapolation

	1.250
	1.273
	1.286
	1.278
	1.250
	1.227
	1.231
	1.200
	1.216
	1.220
	1.217
	1.208
	1.210
	1.213
	1.213
	1.206
	1.201
	1.200
	          1.2085

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	ANNS(pa) = 50 
	
	
	Row 1: values of h×pa  	Row 2: values of h/k   
	
	
	
	
	
	
	

	0.560
	0.570
	0.525
	0.560
	0.558
	0.544
	0.574
	0.564
	0.560
	0.558
	0.560
	0.574
	0.576
	0.575
	0.572
	0.576
	0.576
	0.580
	Extrapolation

	1.750
	1.727
	1.615
	1.647
	1.632
	1.619
	1.640
	1.621
	1.600
	1.590
	1.591
	1.608
	1.600
	1.597
	1.589
	1.587
	1.582
	1.585
	          1.5914

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	ANNS(pa) = 100   
	
	
	Row 1: values of h×pa  	Row 2: values of h/k   
	
	
	
	
	
	
	

	0.560
	0.570
	0.650
	0.620
	0.630
	0.656
	0.644
	0.636
	0.650
	0.648
	0.656
	0.672
	0.660
	0.665
	0.668
	0.672
	0.670
	0.674
	Extrapolation

	2.000
	1.900
	2.000
	1.938
	1.944
	1.952
	1.917
	1.893
	1.912
	1.895
	1.907
	1.920
	1.897
	1.900
	1.898
	1.898
	1.893
	1.893
	            1.8988

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	ANNS(pa) = 200   
	
	
	Row 1: values of h×pa  	Row 2: values of h/k   
	
	
	
	
	
	
	

	0.640
	0.690
	0.775
	0.740
	0.738
	0.784
	0.784
	0.768
	0.780
	0.783
	0.792
	0.784
	0.774
	0.785
	0.780
	0.792
	0.788
	0.792
	Extrapolation

	2.286
	2.300
	2.385
	2.313
	2.278
	2.333
	2.333
	2.286
	2.294
	2.289
	2.302
	2.286
	2.263
	2.275
	2.267
	2.276
	2.264
	2.263
	          2.2720

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	ANNS(pa) = 300   
	
	
	Row 1: values of h×pa  	Row 2: values of h/k   
	
	
	
	
	
	
	

	0.720
	0.750
	0.750
	0.800
	0.810
	0.800
	0.798
	0.852
	0.810
	0.828
	0.832
	0.833
	0.852
	0.840
	0.852
	0.855
	0.856
	0.856
	Extrapolation

	2.571
	2.500
	2.500
	2.500
	2.500
	2.500
	2.478
	2.536
	2.455
	2.486
	2.476
	2.479
	2.491
	2.471
	2.477
	2.478
	2.474
	2.467
	2.4758


[bookmark: _GoBack]

