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Introduction (1)

extending the approach of semantic classes [Mc, 2002]
semantic classes are an abstraction of a spreadsheet
based on the similarity of formulas

- logical equivalence classes [CHM, 2002]

content of cells and spatial situations are taken into account and
it is checked, whether the semantic content is of repetitive nature

user-parametrization is necessary

m  whether semantically related cells are spread out
column-wise,
row-wise or
block-wise

= cut-off parameter

= equivalence classes
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Introduction (2)

parametrization can be a hurdle as

m deep knowledge about the approach is necessary
m it might not be suitable for the untrained user

m the orientation can be indicated only for the whole
spreadsheet

= semantically related blocks having different size will not
be identified in their full extent

using layout information for identifying
semantically related cells
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Main Idea

3 kinds of layout information
= labels
m formatting of the content of cells
= lines and frames
labels have the highest impact

Core:

cells containing numbers or formulas are
assigned to labels

> layout areas

the cells of the layout areas are checked for
semantic classes
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5 Kinds of Labels

running numbers (mbd) _ (mmb) _(mmb)
labels int ted 1 5753 21,00 21,00
abels Interpreted as 2 1507 4200 63,00
ordinal numbers 3 172,60 63,00 126,00
counters 4 17260 63,00 189,00
labels with | 5 17260 63,00 252,00
labels with complete 6 17260 6300 31500
identity 7 17260 63,00 378,00
labels with partial identity : was e e
a 1 ' 1 5 1 o 1 L] 1]

z 2000 2001 =002 o i ]

3 |Homsshoicy with TV 1,200,008 32018 I A6 23070

[3

& |Mares] Ghares

[ Cabli T T2 BB &2, [

T Ealaiie Crah 1204 14, e 1 6.0 18,

W Irlesmctive TV 20% T.% il 5, {r%

[} Ereadeast TV B T NI £, [

0 TOTAL 100 100 100 05 100, [F%

EuSpRIG 2004

6/25




5 Kinds of Labels

running numbers

labels interpreted
as ordinal numbers

counters
labels with complete
identity
labels with partial identity
A | & | e | o | & |""F
10 | July August September October November
A1 | Met Sales $156.333 $161.556  $165.148 $167.006 $168.341
12 |COGS 95,363 98.549 100,740 101.874 102.688
13 Ciross Profit 60,970 63,007 64,408 65,132 65,653
14 | G&A Expenses 11.569 11.955 12.221] 12,358 12.457
15 [ Depreciation 20.000 20,000 20,000 20,000 20,000
16 EBIT 29.401 31052 32.187 32774 33,196
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5 Kinds of Labels
running numbers SR . S U |
. ; : Desulian
labels interpreted as e N T R
ordinal numbers ek 1 L]
4 |Tak 2 - 1%
Tosk 3 21
counters e« o1
. P Tmk S 13
labels with complete BTk 6 an
. . B ek 7 B =0
|dent|ty W[ Task E 5 1
. . . . 1 JiTosk B o 11
labels with partial identity o =
AEf Tk 11 5 23
Year 1 Year 2 Year3 | Yeard Year 5
18.367| 20.203| 22.224| 24.446| 26.891
15.096| 16.606| 18.267| 20.083| 22.102
3.270 3.587 3.957| 4.353 4.788
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5 Kinds of Labels

running numbers

labels interpreted as

ordinal numbers

counters

labels with
complete identity
labels with partial identity

D

E

F

G

H

| i
Actual Diff.

3

7| Budget  Attual | Dif. | %Gales | Budget % Sales
;| 5857 60M [ 197 | 1715 | 10661 | 1054 |
o, 5325 § 6300 | oad |o00% | 10651 | 10685 | 34 | 000%
o 78T G 2660 | ome2 o423 | 35T | adw | oom | oam
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5 Kinds of Labels
running numbers
labels interpreted as
ordinal numbers
counters
labels with complete
identity
labels with partial
identity
A | c
1 Quarter Starting Sales Growth
2 |First atr 2000 $12.200.000 3,00%
3 |second atr 2000 $14.000.000 2,50%
4 |Third atr 2000 $9.500.000 3,50%
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2 Kinds of Assighment

geometrical assignment
semantical assignment

of a cell to a label, if:
= the label is above or on the left side of the cell,
= there is no other label between the cell and the label and
= the cell itself is not a label.

D E F G
7 Budget Arctual Ciiff. % Sales

5857 | 6044 | 187

5325 | 6300 | 984  100,0%

1787 § 2660 | 882 | 42,3%
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2 Kinds of Assighment

geometrical assignment
semantical assignment

of a cell to a label, if:

= the label and the content of the cell are having the same
formatting information,

= there is no other cell between the cell and the label
containing another kind of formatting information and
= the cell must be geometrically assignable to the label.

A E [ 5] E

3 Budget

7 2001 %Sales Budget Actual
2 Overturn 70.289 5.857 6.044
g Sales 63.903 100,0% 5.325 6.309
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4 Heuristics

Assignment based on Running Numbers and
Counters

Assignment based on Complete and Partial Identity
Assignment based on Semantics

Spatial Assignment

Main steps
= Identify labels,
m geometrically assign cells to the identified labels and

m group them into equivalence classes.
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Heuristic 1

Assignment based on running numbers and
counters

identification of

® running numbers

m labels interpretable as ordinal numbers
= counters

geometrical assignment of cells

> layout areas

subsequently

m grouping into semantic classes

m heuristic 2 is applied
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Example — Heuristic 1

A B C D E

1 Inflation Rate (%) 450 YEAR 1 YEAR 2 YEAR 3

2 |Sale Value - Unit. 80,00 € 8350 € BIEE 9.9€

3 Real growth of Sales {%) 5,00

4 Units Sold 2.500.000 2.625.000 2.756.240 2.894.083

5 | Sales Revenue 200.000000,00 €| 21945000000 € | 24079151250€| 264.208.487 09 €

6 Decrease of Variable Costs (%) 5,00

7 |Total costs 18000000000 €| 199.055 41657 € |- 207.057.91042€ ] 2537961639 €

8 | Variable costs 105.000.000,00 € |- 10423875000 € |- 108.929.49375€ |- 113.831.32097 €

9 | Fixed costs 7000000000 €] 7318000000 € 7E441.75000€) 79881E2875€

10 Depreciation 5.00000000 €[ 21 6EBEEGAT €| 21GG6EEEE7 €] 21 BEGEGEET €

11 Gross Profit 2000000000 €| 2033458333€| 337A3E0208¢€ 4882887071 €

12 Operating Expenses 18.00000000 €] 3116000000 € |- 3317900000 €|  35349.000,00€

13 Several Expenses 1800000000 €| 1881000000 € |- 1965575000 € 20541.04200€

14 Interests of Loans" - € 1235000000 €| 13523.26000€|  14.807.95800€

15 Net Operating Profit 200000000 € 10.7685.41657 € S74EDZ8 € 13.479.870,71 €

16 |[Earnings Before Income Tax 200000000 €[ 1078541657 € S74B0208 € 1347987071 €

17 Income Tax (15%) 300.000,00 € 161481250 € |- 8619031 €)- 202193061 €

18 Net Profit 170000000 €[ 9.150.604,17 € 4847 € 11.467.890,10 €

19 Depreciation 5.00000000 €| 21.6B6B66,67 €| 21666.066,67 € 21 BBG.HBE 67 €

20 Interests of Loans - €| 123F000000€] 13523.2500€ 14.807.858,00 €

21 Financing {pay € - € - €| 4BBR2Z7A00€

22 Residual Value GIC GIC I B

23 Cash flow E70000000 €[ 248A6.06250 €| 35678.328M €1 70975973 €

24 Cash flow to Present Value 2250322398 € | 29.219.981.93 € |- 526.046.60 £

25 |Cash flow Sum - Present Value 51.197.159.31 €

26 Present valug - Cash Flows of the Old Plant 3821100000 €

27 | Cash flow increment 12.986.159,31 €
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Example — Heuristic 1
A B C D E

1 | Inflation Rate (%) 450 YEAR 1 YEAR 2 YEAR 3

2 Sale Value - Unit. 80,00 € 8360 € 8736 E 9 28E
3 Real growth of Sales (%) 500

4 Units Sold 2.500.000 2.625.000 2.756.250 2.894.063
5 Sales Revenue 200.000.000,00 € | 219.450.00000 € [ 24079151250 €| 264208487 09 €
6 Decrease of Variable Costs (%) 500

7 Total costs - 180.000.000,00 € |- 199.055 41667 € [ 207.037 91042 € |- 215.379616,39 €
8 | Variable costs - 105.000.000,00 € |- 10423875000 € [- 10892848375 € |- 11383132097 €
9 _ Fixed costs - 7000000000 € |- 73.150.00000€ [ 7R44175000€)|- 7988162675 €
10 Depreciation - 500000000 € |- 21.6BEBEGET € |- 21.66566667 £ |- 21.666.666,57 €
11 Gross Profit 2000000000 € | 2039458333 €| 3375360208 € 48.828.870.71 €
12 Operating Expenses - 18.000.00000 € |- 31.160.00000€ [ 3317900000 €)-  35348.000,00 €
13 Several Expenses - 18.000.00000¢€ |- 18.810.00000€ [ 1965575000€ ) 2054104200 €
14 Interests of Loans’ - €| 12350.00000€ [ 1352325000€)  14.807.955,00 €
15 Net Operating Profit 200000000 € |- 10.765.416 67 € 57460208 € 1347987071 €
16 Earnings Before Income Tax 2.000.00000 € |- 10.765.416 67 € 57460208 € 13.479.687071 €
17 Income Tax (15%) - 300.000,00 € 161481250 € |- 8512031 €[ 2.021.98051 €
18 Net Profit 170000000 € |- 9.150.604,17 € 48841177 € 11.457.890,10 €
19 Depreciation 5.000.00000€ | 21.66666GG7 €| 21.666.66667 € 21666666 B7 €
20 | Interests of Loans - €| 12350.00000€( 1352325000 € 14.807.958,00 €
21 Financing (pay £ - £ - €| ABE4227400€
22 Residual Value SRlE - & - & - &
23 | Cash flow B.70000000€ [ 2485606250 €) 3567832844 €| 708759 73 €
24 | Cash flow to Present Value 22.503.223.96 € | 29.219.981,93 € [ 526.046,60 €
245 Cash flow Sum - Present Value §1.197.159.31 €
26 Present value - Cash Flows of the Old Plant - 3821100000 €

@

Cash flow increment

12.986.159,31 €
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Heuristic 2

Assignment based on complete and partial
identity
identification of

m labels with complete identity

m labels with partial identity
geometrical assignment of cells
> layout areas

subsequently
m grouping into semantic classes
m heuristic 3 is applied
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Example — Heuristic 2

A B G 0] E

1 Inflation Rate (%) 450 YEAR 1 YEAR 2 YEAR 3

2 Sale Value - Unit. 000 € 8360 € 8736 € 9129€
3 Real growth of Sales {%) 5,00

4 Units Sold 2.500.000 2.625.000 2.758.250 2.894 063
5 Sales Revenue 200.000.00000 €[ 219450.00000 € | 24079151250 € | 26420848709 €
B Decrease of Variable Costs (%) 5,00

7 Total costs - 180.000.00000 € - 19905541667 € | 207037 81042 € |- 21537961638 €
8 _ Variable costs - 105.000.00000 € ) 10423875000 € [ 108923433 75€ |- 113.831.32097 €
9 _ Fixed costs - 7000000000 €) 73150.00000€ [ 7644175000€ - 79.881.62875€
10 [ DECIRUON - S O0000000E|- 21BBB.EBBAT € |- 21BBOEBBEFE |- 2165566657 €
11 Gross Profit 2000000000 €[ 2038468333€| 3375360208 € 48.828.870,71 €
12 Operating Expenses - 18.000.00000 €. 31.160.00000 € |- 33.179.00000€ |- 35.348.000,00 €
13 _ Several Expenses - 18.000.00000 €. 18.810.00000 € |- 1965575000 € |- 20.541.04200 €
1410 of Loans* - €| 12350.00000€| 13523.25000€|- 14.507.955,00 €
15 Net Operating Profit 200000000 € |- 10.765.41657 € 57460208 € 1347987071 €
16 Eamings Before Income Tax 2.000000,00 € |- 10765416 57 € A74.60208 € 1347987071 €
17 | Income Tax (15%) - 300.000,00 £ 11481250 € - 8619031 € |- 2.021.980 51 £
18 MNet Profit 170000000 €)= 9150.604,17 € 488.411,77 € 11.457.890,10 €
13 Depreciaion | 500000000 €|  21REB.EGEET €| 21BEG.EEGET €|  21.RGE.EGEE €
20 Interests of Loans - € 12350.00000€ | 13.523.25000 € 14.507.958,00 €
21 Financing {payment) - € - € - € 4BR4227400 €
22 Residual Value - € - £ - € - £
23 Cash flow 670000000 € [ 24 BEE.0B250€ | 35678.328 44 € |- 70976923 €
24 Cash flow to Present Value 22.503.223.98 € | 29.219.981.93 € |- 526.046.60 £
25 Cash flow Sum - Present Value 51.197.159.31 €
26 Present value - Cash Flows of the Old Plant - 3B211.00000 €
27 Cash flow increment 12.986.159.31 €

EuSpRIG 2004 18/25




Example — Heuristic 2

A B 53 D E
Inflation Rate (%) 450 YEAR 1 YEAR 2 YEAR 3
Sale Value - Unit. 40,00 € 8360 € 8736 € 91.29¢€
Real growth of Sales (%) 500
Units Sold 2.500.000 2.625.000 2.756.250 2.894.063
Sales Revenue 200.000.00000 € [ 219.450.00000 € | 24079161250 €| 26420848709 €
Decrease of Variable Costs (%) 500
Total costs - 180.000.000,00 € |- 199.055.416,67 € |- 207.037.91042 € |- 215379.61639 €
Variable costs - 105.000.000,00 € - 104238.750,00 € |- 108.929.49375€ |- 113.831.32097 €
Fixed costs - 70000.000,00€)- 73150.000,00 €| 76.44175000€ |- 73831.62875 €
21.666.66667 € [- 21 ABR.GERG7 £ |- 216E6.AEE A7 €
Gross Profit 2000000000€( 20394583 33€( 3376360208 € 48.828.870,71 €
Operating Expenses - 18.000.000,00 € |- 31.160.00000 € |- 33.179.00000 € |- 35.343.000,00 €
Several Expenses - 158.000.000,00 € |- 18510.00000 €| 18.655.75000€ |-  20541.04200 €
Interests of Loans* - €| 1235000000€|- 13523265000€ |- 14.807.95800 €
Net Operating Profit 2.000.000,00 € |- 10.765.416 67 € 57460208 € 13.479.870,71 €
Eamings Before Income Tax 2.000.000,00 € [~ 10.765.416 67 € 57460208 € 13.479.870,71 €
Income Tax {15%) - 300.000,00 € 161481280 € )- 8619031 € |- 2021.98061 €
Net Profit 170000000 € 9.150.604,17 € 48841177 € 11.457.890,10 €
21.666.66667 € |  21.666.666,67 € 21.666.666 67 €
Interests of Loans - € 12.350.000,00 €| 1352325000 € 14.807.958,00 €
Financing {payment) - € € £|- 4864227400 €
Residual Value R = & = % = &
Cash flow E700.00000 €| 24 B66.06250 €[ 3567532844 € |- 709.75373 €

Cash flow to Present Value

22.503.223,98 £

20.219.981,93 € |-

526.046.60 €

Cash flow Sum - Present Value

51.197.159,31 €

Present value - Cash Flows of the Old Plant

36.211.000,00 €

Cash flow increment

12.986.159,31 €
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Heuristic 3

Assignment based on semantics

for each label, not yet grouped to layout areas
m identify semantically assignable cells and
m geometrically assign them

> layout areas

subsequently

m grouping into logical areas [ACM,2000]
m heuristic 4 is applied
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Example — Heuristic 3

A B

Inflation Rate (%)
Sale Value - Unit.

Real growth of Sales (%)
Units Sold

Sales Revenue
Decrease of Variable Costs (%]

2.000.000,00 €
300.000,00 €

Interests of Loans
| 21 Financing (payment
22 Residual Value

b.700.000,00

23 Cash flow

| 24 Cash flow to Present Value
25 Cash flow Sum - Present Value 51.197.159,31 £
26 Present value - Cash Flows of the Old Plant - 3521100000 €
27 Cash flow increment 12.986.159,31 £
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Heuristic 4

Spatial Assignment
identify cells, which are not yet assigned and
geometrically assign them
> layout areas

no further grouping is done as

> no statement on semantical relatedness is
provided
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Example — Heuristic 4

B C 0 E

1 |Inflation Rate {%) 4,50 YEAR 1 YEAR 2 YEAR 3
2 Sale Value - Unit. 8000 € B350 € B7 36 € 9129¢€
3 Real growih of Sales (%} il
4 Units Sold 2.500.000 2625000 2.756.250 2694 063
5 Sales Revenue 200.000.000,00 €| 219.450.000,00 € | 240.781.612,50 € 264.208.487 D9 €
B Decrease of Variable Costs (%) 5,00
7 Total costs 180.000.000,00 € |- 199.055 41667 € - 207.037.91042 € |- 21537861639 €
8 _ Variable costs 105.000.000,00 € |- 10423875000 € |- 10852949376 € |- 113.831.32097 €
9 Fixed costs 7000000000 € |- 7315000000€ |- 7644175000 € |- 7988162675 €

21.BRG.6RE A7 € |- 21.666 6RGA7 € |- 21666 6AG 67 €
11 Gross Profit 20.000.000,00 € 2039458333 €| 33 753.602,06 € 48.628.87071 €
12 Operating Expenses 18.000.000,00 € |- 31.16000000€ |- 3317900000 € |-  35343.000,00 €
13 _ Several Expenses 18.000000,00 € |- 18.81000000€ |- 19656575000 € |-  20.5641.04200 €
14 Interests of Loans* - €| 1235000000€ | 1352325000€ |-  14.807.958,00 €
15 Net Operating Profit 200000000 € - 10765416 57 € 574 602,08 € 1347887071 €
16 Earnings Before Income Tax 200000000 €| 10765 416 &7 € 574 502 0B € 1347387071 €
17 Income Tax (15%) 300.000,00 € TBI4B1250 € [ BE.1903T €] 202198051 €
18 Net Profit 170000000 €] 9.150604,17 € 48841177 € 11.457.690,10 €

21.6B6.666,67 € | 21.666.666,67 € 21,666,666 67 €
20 Interests of Loans € 12.350.000,00 € 13523 260,00 € 14,807 958 00 €
21 Financing {payment € £ €|- 4864227400 €
22 Residual Value EHE = 2 - € - €
23 Cash flow B.700.00000€ | 24BEG06250€] 3567832844 €| 70875923 €
24 Cash flow to Present Value 22.503.22398€ | 29.219.98193 € |- 526.046.60 €

26 Cash flow Sum - Present Value

51.197.159,31 €

26 Present value - Cash Flows of the Old Plant

38.211.00000€

27 Cash flow increment

12.986.159,31 £
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Summary

The user is relieved to be highly experienced in
a specific visualization technique as

1. explicit parametrization is avoided

2. implicit identification of the orientation of blocks of

cells is possible

3. the orientation is identified for each block individually

4. semantically related blocks of cells with different sizes
can be identified

EuSpRIG 2004

24/25




?Questions?
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