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Let’s Use Tools!

Processes is important ...

... but humans are fallible
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Challenge

Obijective:
get the job done



Everybody is an End User

Consulting,
Development

Programming

Application s

Psychology = HCI
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The Essence of
Spreadsheet Computing



The Essence of
Spreadsheet Computing

e:=Me | ee | x

No Local Scope
No Higher-Order Operations = No Recursion
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Opportunities

No loops/recursion

B
-l -

[IEEE Software, Sept. 2009]




Computation
Model

Complex

Simple

A Sweet Spot

Sparse Rich

Context Info
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End-User Type System!?

Problem Type System
Abstract concept of
types is very difficult to

convey to end users
End user

Idea

Use vocabulary from the

spreadsheet as type information
[PADL02, HCC’02]



Type Checking
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-~ Sheets | Charts |  SmartArt Graphics |  WordArt
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3 May 17 9 26
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5 Total 25 2 47 4
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May Apple
June Orange

May Fruit



Labeling Rules

®00 | Harvest.xls @)

€. L and L . K = € .KI>L Sheets Charts SmartArt Graphics WordArt
< A B | C ] D | EE

. 1 Fruit A

Fruit> Apple Month Apple Orange Total -
3 May ' —> 17 9 26 m

4 June /8 13 /21

5 Total /25 22 [ 47 :

a v

I

< Z‘Tl Sheet 1 - Table 1 453)4»
e:Lande:K=e:L &K '@ al View | Ready P

Month>May & Fruit=Apple

e:Land e’ :K=ete’:L|K MayApple | May Orange
May (Apple | Orange)  Factoring

May Fruit

Generalization ,,



A Summation Error

Sheets Charts SmartArt Graphics WordArt
< A : C | D | E
1 Fruit A
-2 Month Apple Orange Total v
3 May 17 9 26
4 June 8 13 21

Total 22 47 |2
P v

f< » »l Sheet 1 -Tablel < » < »
[@ o -

rmal View Ready 4

B2 : Fruit
B3 : Fruit=Apple

B5 = SUM(B2:B4) B4 : Fruit=Apple
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Reflections

* We can infer label relationships automatically
[VL/HCC'04, JVLC'07]

e Users do use labels to reason about formulas in
spreadsheets to debug effectively [VL/HCC'07]

e Combining syntactic label checking with semantic

dimension analysis finds even more faults
[VL/HCC’08a, JVLC09,VL/HCC'09,VL/HCC’ 1 0]

* |s it actually practical?



Part of Real-World Tool

4 Detect Results:

ERescan || Detect Report < F Options... @) Help = ™% Back [H For @) Help =

B21 v A =SUM(B16:B20)+SUM(E14:B15)

A l B [ C { D [ E F G |

1 East Gorge District
2 Year 1 Year2 Year3 Year 4 Year5 Y
3 |Cash inflow (Gross) § - % - % 60000 $ 400000 $ 650,000 Cash inflow (Gross) €
4 |COGS b - b - b (36,000} % (220,000) % (325 ,000) COGS €
5 |Capital Expense $ (B00,000) % - % - % - % - Capital Expense €
6 |Addtl Labor Cost ] (20000 § (200000 § (200007 % (250007 § (25,0009 Addtl Labor Cost €
7 |Depreciation b 116600 § 116600 | § 116600 % 116600 | % 116,600 Depreciation €
8 |Salvage $ - % - % - % - % 17 000 Salvage €
9 |Net Cash Flow $ (5034000 $ 965600 $ 120600 § 271600 § 433600 Met Cash Flow €
10 Converted {Dollars) %
1
12 North Park District
13 Year 1 Year2 Year3 Year 4 Yearb Y
14 |Cash inflow (Gross) € - € - € 50000 € 350000 € 700,000 Cash inflow (Gross) $
15 |[COGS € - € - € (30000 € (192500) € (350,000) COGS %
16 |Capital Expense $ (4500007 % - b - b - b - Capital Expense b
17 |Converterted (Euros) € (279 000) € -1 € = = -
18 |Addtl Labor Cost € (20000) € | 2results > 1)] Addtl Labor Cost  §
19 | Depreciation € 116600 € || i - I Depreciation §
20 Saﬁrage € - € Dcurren_cy - E:;E:;Eal?isolgg"offm i ] Saﬁfage b
21 |Net Cash Flow  [[EnniBagoEn < | | ™ inconsistent formuia currencies § &€, using ) Net Cash Flow  §
22 |Converted (Dollars) & (561 ,ZAE:}‘&« i wikh cells B16:B17. (@ P
3 Ignore Test
24
25
6 Year 1 Yeg These results were foundin Tgnore Cell R NPY
27 Total Cash Flow  § (2720,128) § | “=IB2L ) 10% ($24,371)

4 4 » »[\ProjectOverview { Sheetz /

Ready

[«

currencyDemo. xls

Filters

Tests =

You ran 10 of 28 tests, and S had
results. To ignore the results of a
test, uncheck it below. To disable a
test permanently, open the Detect

Options.,

[V I Currency error @

[V I Formula fails to cover area @

[V 1 Formula in data range @

[V 1 Inconsistent formula ¢ s
[V Constantin formula @

Results

Sort by: ISeverity

ProjectOverview - B21 - (2 result £
ProjectOverview - M3 - (3results
ProjectOverview - B7
ProjectOverview -B17
ProjectOverview -B19
ProjectOverview - B22
ProjectOverview -C7
ProjectOverview -C17
ProjectOverview -C19
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Goal-Directed Debugging

-

Key Ideas

Computed 8 ‘
Expected 7

Change
Suggestions

[VL/HCC'05]



Example

e 00 | Harvest.xls =
Sheets Charts SmartArt Graphics WordArt

< A B C E =

1 Fruit :

2 Month Apple Orange Total m

=0 May 17 g 30

4 June 8 13 - :
@,

s Total 25 22 Value Expectation
Value in | D4 should be | equal to
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Cancel
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Example

D4 = B3 + C4

- Sheets | Charts | SmartArt Graphics |  WordArt
< A B C D E
1 Fruit 3
2 Month Apple Orange Total
3 May 17 9
4 June 8 13 O  CellD3
5 Total 25 2|
6 change C4 to C3
7 -
8 (Ignore ) (More > :
v
@@ 4« < » .>| Sheet 1 - Table 1  Sheetl =« VRIS E Jal» -
Normal View Ready Vi
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Evaluation of GoalDebug

(

e Corrects 97% of faults

e Ranking of correct
change suggestion

~

First | 59%

Top2 | 71%

Top 5 | 80%
[ICSE’'07,VL/HCC’08b]
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Conclusions

Facilitate

\

Effective, Easy-to-Use Software Engineering Tools

[Simpliﬁed Computation Model & Spatial Embedding\

J

More Examples:
* Generation of Correct Spreadsheet:

Gencel [VL/HCC05, ICSE’05, ICSE’06, JFP’06]
ClassSheets [ASE’05, JOT’0/7,VL/HCC’ | 0a]

e Jesting [VL/HCC’06,VL/HCC’08, TSE’09]

e Pattern Inference [PPDP’06, ICSE’06,VL/F

CC’10b]
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