Analytical_EngineINTERFACE-A macro for automatically
processing data in an Excel application

Excel-based analytical engines have been developed frequently for specific,
limited purposes. Analyzing larger data sets or a breadth of conditions can be
difficult because of design limitations in the analytical engine. Sometimes altering
array operations is not straightforward. More frequently, misguided application of
password protection hinders simple modifications or one must use an unaltered
version of a published workbook. The workbook MonthEToEngine.xlIsx is an
example of an analytical engine for computing ET rates from meteorological data
and is password protected (Figure 1).

A D E F G H [ 1 K L M N 0 P
1
2 Enter a Year Numher:W albedo = 023
3 Station Name:|Davis Ta
4 Station Number: 6 BPress = 1011 de
5 Latitude: 38.5 deg
6 Elevation: 18.5 m
7 Analytical-engine Analytical-engine a
8 output range Enter data in only one of the columns below input range
9 \ priority >> 5 4 3 2 1 ] ]
10 PM k_Tr HS ETo | PM ETo Cc nh n Rn Rs T Tn / Uz Ts
1 Month | mm il mmd’ | mmd’ % 0-1 <24 M med! | M mEd °C °c / ms' °C
12 1 1.2X 1.0 08 | 56| 109 /5.1 22 46
13 2 1.9 1.6 1.4 8.9 13.7 4.3 2.3 5.6
14 3 29 25 22 I 13.6 16.2 51 23 6.2
15 4 4.6 3.7 34 | 18.4 19.5 6.7 26 59
16 5 5.7 4.6 4.3 I 21.8 225 8.9 26 7.9
17 6 6.9 55 53 246 257 10.9 26 9.2
18 7 71 58 54 | 248 281 11.7 23 109
19 8 8.0 5.8 59 | 24.7 30.9 12.5 24 109
20 9 6.8 4.6 4.9 19.9 29.3 11.5 23 9.7
21 10 51 3.0 3.5 I 14.1 25.0 9.1 2.3 7.2
22 kh| 29 1.6 19 | 8.9 17.5 51 2.3 5.0
23 12 1.6 1.1 11 6.2 12.2 2.6 2.6 4.1

Figure 1.— Example of input and output ranges in an analytical engine for computing ET rates

The EngineINTERFACE.v3.xIsm workbook automates the process of analyzing
data sets larger than the input of an analytical engine. Larger data sets can be
analyzed without modification by analyzing subsets of data and tabling analytical-
engine results from these subsets. Automation makes this approach tractable and
avoids potential errors from manual execution of this approach. Larger ranges of
input data and output results are specified in an auxiliary workbook (Figure 2).
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A B C D E F
1 INPUT
2 Re Ty Ta Uz T4
3 M) med! o o ms"’ o
4 | 2008 =HB5 27 "B6 . T Ta |
5 I 10.4 16.0 50 27 66
6 15.9 19.0 60 27 72)
7 | 215 228 78 30 6.9
8 255 92|
9 I 288 patasource range 10.8
10 29.0 1271
| 280577 T 115
12 209 308 12.1 24 10.2 |
13 | 48 263 96 24 76 |
14 I 94 18.4 54 24 53
15 6.5 12.8 27 27 43
16 | 200 6.2 12.1 34 25 5.1
17 99 152 48 26 6.3]
18 15.1 181 57 26 68
19 204 217 74 29 661
20 242 250 99 29 87 |
21 274 286 121 29 103
22 276 313 13.0 26 12.1 |
23 247 309 125 24 109
24 199 293 115 23 97]
25 14.1 250 9.1 23 7.2
26 89 175 5.1 2.3 5.0]
27 62 122 26 26 41
28 56” 109" 317 22" 48]
29 89" 137" 43" 23" 58
30 1367 182" 517 23" 82 |
31 184" 195" 677" 26" 59 |
32 218" 225" 89" 28" 79
33 246" 2577 109" 287 92 |
34 248" 2817 117" 237 109 |
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Figure 2.— Example of data-source and output-table ranges in an auxiliary workbook that
supplies data to the analytical engine and tables computed-ET rates.

The EngineINTERFACE.v3.xIsm workbook consists of a single control on one
page that launces the Specify Ranges form (Figure 3). The form allows
necessary ranges to be specified interactively, activate workbooks, and specify
accumulation of results along rows or columns. Usage of the Specify Ranges
form is annotated and summarized on the single page with the “Process data
through engine” button.
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i "Process data through engine” button. | . I
g | Analytical-eng Analytical-engine
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I Open workbooks with input data range, | 1l i
OF HoTKDooks ¥ ge. b= =rls o e i
6 | analytical-engine input range, analytical- | 7 e
7 MACRO engine output range, and output data ] il
o i range before pressing button. 4
b
9 =)
10 e — 3
1 Range of data source |~ ul grazs_ir s
12 R
13 -
14 ] ey anges * Double-click on name
15 el wpres, 5T celof i sorce ¥ [ [ THone T _pataeRests oS s ] Open erooks P of open workbook lo
= = view open workbook. |
1 o ——— — PR of
17
18 , LEFT cel of engine autput ¥ Y~[MonthEToEngne. sCakoator | $£812:4G523 o
19 UPPER, LEFT cel of output table 9| MonibT_Dota +Remts o] 101854 =
20 ana | Wowt»s Process
21 UPPER, LEFT cell of data source ¥ \
£ 3 r. "
= —_—
— One cell selected. | Cells in a column, | CANGEL | ¥ Offictresisdong ron: o Oy Process, | | secioe T x
Selected range extends | Selected range | ds | B B Cycles data from |
2 o ightmost and 1-column vide and [ CHECKED, UNCHECKED, ooCycles data from [ g s et cnor oo e
= lowermost edge of data | exlends to lowermost | ith, | | Analytical-engine input | Analytical-engine input | SPUR TANG® CHONGR | g || enbeEngnesioCaaorsesiascsd
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Figure 3.— Button for launching Specify Ranges form and summary explanation of program in the
EngineINTERFACE.v3.xIsm workbook.

EngineINTERFACE.v3.xIsm, MonthET_Data+Results.xlsx, MonthEToEngine.xIsx,
and explanatory PDF can be downloaded with the following link.
Revisions

July 17, 2021—Revisions in version 2 include the following. Explanation graphic
added to workbook.

September 20, 2023—Revisions in version 3 include the following. Modified
minimum auxiliary workbooks from 2 to 1. This was so that results can be
accumulated in the same workbook that contains the analytical solution.
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EngineINTERFACE.v3.xlsm Workbook

The workbook consists of a single control on one page, M, and most interaction is
through the Specify Ranges form (Figure 4). The form allows necessary ranges
to be specified interactively, activate workbooks, and specify accumulation of

results along rows or columns.

Specify Ranges

UPPER,, LEFT cell of data source [v

| '[MonthET_Data+Results.xlsx]I0'1$B$5:$F$35

J Open Workbooks

MonthEToEngine. xlsx

UPPER,, LEFT cell of input to engine [+ | [MonthEToEngine. xlsx] Calculator! $LS12:5P523 J

ManthET_Data+Results. xlsx

UPPER,, LEFT cell of engine output [+

| [MonthEToEngine. xlsx] Calculator! SES12: 8G523 J

v Offset results along rows

URPER,, LEFT cell of output table ¥ | '[MonthET_Data-+Results. xlsx]10'1 $HS5 =

Process

Figure 4.—Specify Ranges form for processing data through an analytical engine.

Launch form
. « . » i B | = D | E F
Click “Process data through engine ; _
. Process data through engine
button in upper, left corner to launch 2 ) ;
form. y .
EVDI AMIATIAK
Specify Ranges X
H H UPFER, LEFT cell of data source [v \ J Open Workbooks
Specify Ranges form will appear and ’7
. UPPER, LEFT cell of input to engine [¥ \ A MonthET_Data-+Results. dsx
EnglnelNTERFACE'V3'Xlsm UPPER, LEFT cell of engine output ¥ | =
WOFkbOOk W|” dlsappeal’ UPPER, LEFT cell of output table [ | 5|
¥ Offset resuits along rows —

All open workbooks other than
EngineINTERFACE.v3.xlsm are listed
on the right side of the form.

Double-click on a workbook name to
activate a workbook where ranges will
be specified.

Macro will report error and stop if less
than 2 or greater than 6 other
workbooks are open.
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Double-clicking another workbook
name in the list activates the other
workbook.
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Range Selection, direct

Range selection controlled with
checkbox on left and text input box on
right.

g2l |

Unchecked example starts,

Click drop-down button on right side
of text input box.

g2l |

K L M N 0 p
; SELECT RANGE ? X
7 Select Range of input to engine
& mns bg !
g9 |2 Cancel {
. 10 [ [ W T 9w T T
Range selection form replaces 1w | mma |t |t | ms | ©
Specify Ranges form after clicking 12 56 109 31 22 46
button 13 89 137 43 23 56
' 14 13.6 16.2 5.1 23 6.2
15 18.4 19.5 6.7 26 59
16 21.8 225 8.9 26 7.9
17 246 257 109 26 92
18 248 281 11.7 23 109
19 247 309 125 24 109
120 199 293 11.5 23 9.7
K L M N 0 p
6 SELECT RANGE ? X
Select Range of input to engine
7
=51512:50517]
& mns bg
Range is specified directly in | == !
. n Re [ x| Ww [ Uz Ta
workbook with mouse. Hme | mme | ¢ | ¢t | ms | ¢
12 56 109 31 22 4.6
13 8.9 13.7 4.3 23 5.6
14 13.6 16.2 51 23 6.2
Range L12:017 was selected. 15 18.4 195 6.7 26 59
16 21.8 225 8.9 26 7.9
17 246 25.7 10.9 26 92
18 248 281 11.7 23 109
19 247 309 12.5 24 109
f 20 199 293 11.5 23 9.7

Range L12:017 with workbook and
sheet names are added to text input
box.

Range of input to engine [ | [MonthETeEngine. xdsx]Calculator1 $L$12: 40817

=
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Range Selection, UPPER, LEFT

Checked example starts,

Click drop-down button on right side | e elof muwesne ¥ || =l
of text input box.
K L M M 0] P
; SELECT RAMGE ? x
7 Select UPPER, LEFT cell of input to engine
=51512
WHOLE BLOCK selection B ozl
g 2 Cancel f
10 ?n Fe T " U3 Ta
. i . 11 m*d! MJ mid’ “C “C ms’ “C
Uppe_zr_, left cell in range of interest is 2 560 109 31 22 46
specified, cell L12. 13 89 137 43 23| 56
14 136  16.2 5.1 23| 6.2
15 184 195 6.7 26| 59
o 16 218 225 8.9 26| 7.9
Selgctlon is extended across columns | 246 257 109 5% o2
to rightmost edge and across rows to | 43 248 281 117 23 109
lowermost edges of data block. 19 247 309 125 24 109
20 199 293 115 23 97
21 141 25.0 9.1 23 12
2 89 175 5.1 23 50
2 6.2 122 2.6 26 441
Range L12:P23 with workbook and
Sheet names are added to text |nput UPPER, LEFT cell of input to engine [+ | [MonthEToEngine, xlsx] Calculator! §L$12:5P523| A
box.
K L M M (0] P
7 SELECT RANGE ? * ]
WHOLE COLUMN SeleCtlon 8 olumns | Select UPPER, LEFT cell of input to engine
g 2 =51512:51516 /—
10 Rn I Cancel Ta
117 W . . °C
Select upper, left cell and extend 12 56, 109 31 22 46
across rows in column of interest, : e o a3
range L12:L.16 in this example. 15 184 195 67 26 59
16 21.8 225 8.9 26 79
17 24.6 257 10.9 26 9.2
. . 18 24.8 281 11.7 23 109
Selection is extended across rows to | 247 309 125 24 109
lowermost edges of data column. 20 199 203 115 23 97
21 14.1 25.0 9.1 2.3 7.2
22 8.9 175 5.1 2.3 5.0
23 6.2 12.2 2.6 2.6 41
Range L12:L.23 with workbook and
sheet names are added to text input | MonthEToEngine. ex] Calculator! 6 §12:6.$23] =

box.
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K L M N (0] P
7 SELECT RANGE ? X
WHOLE ROW SEIECtlon 8 olumns | Select UPPER, LEFT cell of input to engine
g 2 =51512:5N512 7
10 Ran Cancel Ta
11 “-' I 1 I OC
Select upper, Ieft cell and.extend o TR T B TR
across columns in row of interest, 13 89 437 43 23 56
range L12:N12 in this example. 14 136 162 651 23 62
15 184 195 67 26 59
16 8 225 8.9 26 7.9
o 17 246 257 109 26 9.2
Selection is extended across columns | | s 248 281 117 23 109
to rightmost edge of data row. 19 247/ 309 125 24/ 109
20 199 293 115 23 97
21 141 250 9.1 23 7.2
Range L12:P12 with workbook and
sheet names are added to text input | MonthEToEngine. xsx]Calculator! &L §12: 67§12 =
box.
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Table Analytical-Engine Results

Analytical-engine results are either
tabled by rows or columns as
specified by the lowermost checkbox
on the Specify Ranges form.

|+ Offset results along rows

or

l_lfﬂﬂ:set results along columns
i

Analytical-engine results are tabled
by rows and stacked vertically if
checked.

urce ¥ | '[MonthET_Data+Results.xlsx]10"1 5B 5:5F535

wgine v | [MonthEToEngine. xlsx]Calculator! SL$12: 5P5$23

itput v | [MonthETeEngine  xlsx]Calculator! SES12:8G523 A
able v | '[MonthET_Data+Results, xsx]10'1SHS5 A

Prjcess

12_1| '

H I J K L M
2 [oUTPUT

3 [ PMETr | HSETo | PMETo | &

4 wmd’ | mmd" | mmd”

5 15 12 1.0

6 24 19 17

7 37 29 27
8

9

Analytical-engine results are tabled
by columns and stacked horizontally
if unchecked.

ree ¥ | "[MonthET_Data+Results.xisx]I0"1$B$5:5F$35 =]
ine [v | [MonthEToEngine. xlsx]Calculator SLS12: SP523 J
ut [v | [MonthEToEngine. xlsx] Calculator SES12: 86523 J
ble [+ | '[MonthET_Data-+Results. xlsx]10'18HS5 J

PI’DCEﬁ

10 B 1 ,
H J K L M P
1
2 |outPUT
3 [ PMET [ HSETo
4 [ mmd" [ mmd” | mmd”

s[ 15 [ 12 10 13 [ 11 09
6 24 | 19 17 22 | 18 16
7| 37 | 29 27 34 | 28 25
5| 60 | 43 44 55 | 41 40
9| 74 | 54 55 68 | 51 51
0 91 | 64 68 83 | 61 62
11 95 | 69 71 86 | 65 65
12| 88 | 61 65 80 | 58 60
13 75 | 48 53 68 | 46 49
| 57 | 31 38 51 | 30 35
6 31 | 47 21 29 | 16 19
6 17 | 14 14 | 16 | 14 14
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