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Why do Spreadsheets matter?

Financial intelligence firm CODA reports that
95% of all U.S. firms use spreadsheets for
financial reporting.

Sarbanes-Oxley: What About all the Spreadsheets?, Raymond R.
Panko and Nicholas Ordway, 2008



Why do Spreadsheets matter?

They are the programming language of choice by non-
professional programmers, a.k.a. end users.

In the U.S. alone, the number of end-user
programmers is conservatively estimated at 11 million,
compared to only 2.75 million other, professional
programmers.

Estimating the numbers of end users and end-user programmers,
Christopher Scaffidi, Mary Shaw, and Brad Myers, VL/HCC 2005
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Why do Spreadsheets matter?

In 2004, RevenueRecognition.com (now
Softtrax) had the International Data Corporation
interview 118 business leaders.

IDC found that 85% were using spreadsheets in
financial reporting and forecasting.

Sarbanes-Oxley: What About all the Spreadsheets?, Raymond R.
Panko and Nicholas Ordway, 2008



 Abstraction

* Encapsulation
* Type system

e Testing
* IDE



And the consequences may be...

Around 200 people who thought their only
experience of the London 2012

Olympic Games would be minor heats of
synchronised swimming have

received an unexpected upgrade to the men’s
100m final following an

embarrassing ticketing mistake.

[ocog said the error occurred in the summer,
between the first and

second round of ticket sales, when a member of
staff made a single

remaining tickets.

The Telegraph, 04 January 2012

The Telegraph  Monday 15 July 2013

LONDON2012

m PARALYMFICS SCHEDULE MEDALS SPORT GUIDES PICTURE GALLERIES VENUES ci

HOT TOPICS: Paralympic magic moments | Paralympic medal map | Classifications explained | 50 bestimag

London 2012 Olympics: lucky few to get 100m final tickets after
synchronised swimming was overbooked by 10,000

Around 200 people who thought their only experience of the London 2012 Olympic Games
would be minor heats of synchronised swimming have received an unexpected upgrade to the
men’s 100m final following an embarrassing ticketing mistake.

10



And the consequences may be...

e /N a 2010 paper™ Carmen Reinhart, now a professor at
Harvard Kennedy School, and Kenneth Rogoff, an

Free exchange

BRI | economist at Harvard University...argued that GDP
T ——= growth slows to a snail’s pace once government-debt
S— levels exceed 90% of GDP. The 90% figure quickly
Revisiting Reinhart-Rogoff became ammunition in political arguments over

e e austerity... This Week a new piece of research poured fuel

into question..
Economy losses of $10 bllllon/year'

The Economist, 17 April 2013

Bloomberg Businessweek FlLike [1dsk
Global Economics

: : : : e
Harvard University economists Carmen Reinhart _
FAQ: Reinhart, Rogoff, and the Excel Error That Changed

and Kenneth Rogoff have acknowledged making [t

a spreadsheet calculation mistake in a 2010 i RS
research paper, “Growth in a Time of Debt”, [ s pvm S y——

which has been widely cited to justify budget-
cutting.

Business Week, 18 April 2013

e in their 2010 paper that average

countries wi 1]_
Of oo an o 2
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Why Models?

Mangel tritt
uf

Mitarbeiter des
Fahrparsonals wird
iiber den Mangel
informiert

Mitarbeiter des

=] Fahrperscnals
Mangel- Mangelmeidun;
meldung

If Schichtleiter ist
benachrichtigt

Schichlleiter bewertat
5 Mangelmeldung und
wergibt Prioritat

nahmen
einleiten




Spreadsheet Example

A B C D E F G H | J
Pilot-Id Pilot-Name Phone Depart Destination Date Hours N-Number Model Plane-Name
pl1 John 321654987 OPO  NAT 12/12/2010-14:00  07:00 N2342 B 747 Magalhdes

3 |pl2 Mike 1472583690P0O  NAT 01/01/2011 -16:00  07:00 N2342 B 747 Magalhaes
pl1 John 321654987 LIS AMS 16/12/2010-10:00  02:45 N341 B777 Cabral
pI3 John 4691842010PO CLJ 13/07/2013-10:00  05:45N101 A380 DSL

14



Functional Dependency?
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Functional Dependencies

* \WWe compute the business logic from the data, by
inferring FDs

* They are the building blocks inferring models for
(legacy) spreadsheets

 The better the FDs we infer, the better the model we
compute!

16



["A"] ->

e =
["D"] ->
["E"] ->
["E"] ->
["G"] ->
["H"] ->
"Iy ->
["J"] ->
["K"] ->
["L"] ->
["M"] ->
["B", "K"]
["B", "L"]

[ "B" ’ "M" ]

["B","C","D","E","F"]
["A","B","D","E", "F"]
["A","B","C","E","F"]
["A","B","C","D","F"]
["A","B","C","D","E"]
["H","I","J"]
["G","I","J"]
["G","H","J"]
["G","H","I"]
["L", "M
["K", "M"]
["K","L"]
-> ["A","C","D","E","F"]
-> ["A","C","D","E","F"]

_> ["A","C","D","E","F"]

17/



Accidents happen

* We use a data mining algorithm which produces to
many accidental FDs!

* We introduce some spreadsheet specific heuristics to
filter out “accidental” FDs

18



Organize them

Label semantics: often keys are labeled “code” or “id”

Label arrangement: we prefer FDs respecting the
order of columns

Antecedent size: small keys are preferable
Ratio: small ratio between keys and non-keys

Single value columns: columns always with the
same value appear in too many FDs

19



3 pl2 Mike 1472583690P0  NAT 01/01
pll  John 321654987LIS  AMS 16/12/2010 - 10:00
/07

Final set

A B C D E F
Pilot-Id Pilot-Name Phone Depart Destination Date

2 pl1 John 321654987 0PO  NAT 12/12/2010 - 14:00

2011 - 16:00

2013 -10:00

pl3 John 4691842010P0 CLJ 13

Pilot-ld — Pilot-Name, Phone

N-Number — Model, Plane-Name

G H

| J

Hours N-Number Model Plane-Name

07:00 N2342
07:00 N2342
02:45 N341
05:45N101

B747 Magalhaes
B 747 Magalhdes
B777 Cabral
A380 DSL

Pilot-ld, N-Number, Depart, Destination, Date, Hours — {}
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The first model: a relational model

Having computed the FDs, we can now use the FUN
algorithm to produce a relational model for the
spreadsheet:

Pilots (Pilot-ld, Pilot-Name, Phone)

Planes (N-Number, Model, Plane-Name)

<Flights> (#Pilot-ld.# N-Number, Depart, Destination, Date Hours)

21
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ClassSheets - Models for Spreadsheets

ClassSheets are a high-level, object-oriented formalism to
specify spreadsheets

_Pilots T A [ 8 [ ©_

2 |ID Name Phone

3 pll  John | 321654987

e | CamTaT

LDIB Anne 369248136
(a) Pilots’ table.

(b) Pilots” visual ClassSheet model.

Pilots : Pilots 1 LU ikl
Pilots : 1D | Name | Phone

Pilots : (id= "" | name= "" | phone= [}_)‘L

(c) Pilots’ textual ClassSheet model.



ClassSheets - Models for Spreadsheets

P R T B | LA | B [
L_planes | 1 JPlanes |
e iR Dal etods | 2 JN-Number |n-number="" |
3

e R 5 fiodel _model=
Mo [apiiin (Cobest P [ Name —frame="

(a) Planes’ table. (b) Planes’ visual ClassSheet model.

 |Planes: Planes ~ \ ( |Planes: LI

N-NumberN-Number N-Numbern-number= ""
Model: Model Model: model="" ~

Name: Name Name: name= ""

(c) Planes’ textual ClassSheet model.

P



ClassSheets - Models for Spreadsheets

A B c D E F
1 |Flights PlanesKey
2 lane key=Planes.n-number
3 |PilotsKey Depart Destination Date Hours Total Pilot Hours
4 |pi|r.:1t key=Pilots.ID hepartf'“ destination="" |date=d  |hours=0 total=SUM(hours)

5| | | | | [total=SUM(PilotsKey.total)
(a) Flights’ visual ClassSheet model.

A | B | C | D | E | F | G | H L | J |
1 |Flights PlanesKey PlaneskKey
2 N2342 N341
3 |PilotsKey Depart Destination |Date Hours Depart Destination |Date Hours [Total Pilot Hours
4 |pl1 OPO NAT 12/12/2010 — 14:00 | 07:00LIS AMS 16/12/2010 —10:00 | 02:45 09:45
5 |pl2 OPO NAT 01/01/2011 - 16:00 | 07:00 07:00
6 16:45

b) Fliehts” table.
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ClassSheet Inference

Original SS Improved SS

- . - + —

™ i |

I

F

3

5
b

&

F

3

5
b

&

)
| A
Detect FDs Generate SS App

' =

A—-B
CD~E — Infer CS = o

Total
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WITSL Editor

Why the Embedding?

B

Model [}ex-'elu:.lpment Spreadsheet Use

Spreadsheet Template Spreadsheet File

Microsoft BExcel / Gencel addin
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Embedding...

 Embedding a language into another language is
a recurring strategy (e.g. for DSLs)

- Embedded language inherit all the power of the
host language :-)

- Users are used to the host language and do not
need to learn a (complete) new language :-)

- Implementation effort is much reduced :-)
- It may have some restrictions :-(

 \We embedded ClassSheets in traditional
Spreadsheet systems

30



Vertically Expandable Tables

B-lBH= 4 @al vE LLE-J EE2d= & BEER Y X

L]
g v T = __
= - AE 6 W K==
A B C —

1  Pilots e - c

Pilots
ID Name Flight hours > ID

r Name Flight hours
3 pl1 John 3400 3 id="" name="" flight_hours=0
4 |pl2 Mike 330 : : :

5

pl3 Anne 433




Horizontally Expandable Tables

A B C D
Planes
N-Number N2342 N341 |N1343 - n-number=""

Model B 747 B 777 A 380 model="
Name Magalhdes Cabral Nunes ' name=""
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Relationship Tables

. ! =~ [ 8 [ c¢ [ o | € | ¢ | 6 [ o0& | v g 0k ]
Flights PlanesKey PlanesKey
2 N2342 N341
Destination Date Hours Depart Destination Date Hours otal Pilot Hours
NAT 12/12/2010 — 14:000 07:00LIS AMS 16/12/2010 — 10:00 02:45 ... 09:45
NAT 01/01/2011 - 16:00 07:00 07:00

Flights | PlanesKey

plane_key=Planes.n-number
PilotsKey Depart Destination Date Hours ... Total Pilot Hours
pilot_key=Pilots.IDdepart="" destination="" date=d hours=0 ... total=SUM(hours)

total=SUM(hours)...total=SUM(PlanesKey.total)

33



airfine gdy - LibreOFfice Calc

T TN
[he foreign key
constraint guarantees

",

PilotsKey

3]

3 G |
] N - Y Y & ¥ | ™ that only existing values ¢
are referenced, or -
. _.-E-—_-—; —————— . e e e e e e e — —_————— i : - &
JT-’ ; | created if necessary. —
i & ! B I = D L [ F |- -
1 If PlaneskKey * -
2 [pare_key =Plane. N-Number _ g
3 H - Such Pilot ﬂL."E'LI'u'J-[EAIELDD:,"’JLI'.M’&H'Zt".l.!l:hﬂl[-" I_
oK gancel IBitate
2 ; - 4
il =5 LIM{hours) o L
X sirlineods - LibeeOifice Calc
h_m Fibe Edft Weew |ndert Foomat [oold elta Wandow Help
- 'ﬂu_hmm C# Lo+ Lok Hios  How Infer . i.. v 'ﬂr-:.:- L] &+ ‘_"l, H :ﬁ. I‘E -':.- Fii j . » T u'
: 3. 7
i 24 | e E = =
: =) I #
& IN-Number ¥ Ry - Nid+ I A [ 7] E - G H I
= ; I“J_E : =5 H
15 el gl=" ) | ' [Flights Planeskey
16 (Name jname="" L L2 [M341 T[]
o L\ tedel ST T u: ;f _ 3 |PilotsKey De art Destination Date Hours Depart Destination Date Hours
- YT T = | |50 | a MAT 12125010 = 1400 0700 LIS AMS 16272010 = 10:00 | 02:45
e e | i, [ =1 L i
r — -"‘jrﬂ_ _H\"‘"___“ ] 5 MNAT UL01A011 - 1600 0700 U1LN15A010 = 0200 0000
. /" The value constraint 6 01/01/2010 - 0:00 0100 0101/2010-0:00 = 01:00
| guarantees that T | :
I values of a block are ™, 8 15:00 03:45 1
: within a certain 9 |
i range. | 10 [Pilots
: n jip¥ Mam ghit hiow
I 12 jpll __ dohn_ - —
| The value should be egual or greater than ¢ :-‘1-. ?}:Iﬂ? Mike 330
| i | 14 [pl3 Anneg 433
I' oK 15 Jpi2 |
[ 16 e : |
I — |
Lt ] he b ﬂl; T a= " | 18 [Planes
I. .
UL - - LR TR e
constraint guarantees i i oy i o [Model B 747 B 777 A 380
that no duplicate values oKl 21 |[Name Magalhfies Cabral Nunes
are inserted in a block. - — e .
Sheat 2 f 2 | Befault st 02 | | L= @ @
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Why do Spreadsheet Models Need Evolution?

e Suppose now you need to add new information
to the spreadsheet

* Forinstance, the number of passengers of each
flight

* |t would require to do several error-prone tasks
« Add columns, labels, update formulas, etc.

36

* \We can do it automatically!



Why do Spreadsheet Instances Need Evolution?

e Some evolution steps are easier to perform on
the instance

* For instance, to add a column to one of the
repetition blocks

* People felt the need to evolve the data

37



@S @ airline.ods - LibreOffice Calc
File Edit View Insert Format Tools Data Window Help

8 - | E [N | o6 £

c+ - ||::c:-|+ Col- |P.,c-'.'.'+ Row-

s model evolution
d |

o I |
T * 1§ [ ¢ [ b5 [ F [T: => data co-evolution

[ 1 [Flights PlanesKey *

[ 2 ] plane_key=Planes.N-Number
PilotsKey Depa Destination Date Hours
|4 |pilot_key=Pilots.ID |depart=" destination=" date=01/01/2010— 0:00 hours=1>0

total=SUM(hours)

| 8 |Pilots @@ @ airline.ods - LibreOFffice calc

ID‘J Name Flight hours File Edit View

Insert Format Tools Data
| 10 [id="": phd+ name=" flight_hours=0>=0

Window Help

& - = 2
ct i ||:Zc:-|— Col- |P.c:-w— Row-
n-number="": N\d+

| 15 |Model model="
Name name=""

i
i/ >k \Model - i PlanesKey-‘ PlanesKey *

Sheet1/2 E N2342
Depart Destmatlon Date Hours Depart Destination Date
4: 07:.00LIS AMS

. Flight hour§ ¢
=> model co-evolution i1 o i
Anne 433

data evolution



Bidirectional Transformation System

" Op \ .
ClassSheet i ClassSheet'

A b

‘ | to |

conforms to | . rconforms to

I I

| |
Spreadsheet _ 4 Spreadsheet

Op
D
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(Data) Operations on Instances

airline.ods - LibreOffice Calc

File Edit View Insert Format Tool

c+ C- |CD|+ Col- |Row+ Row- |Infer

data Opp : Data — Data =

addColumnp Where Index add a column

| delColumnp Index delete a column

| addRowp Where Index add a row

| del Rowp Index delete a row
AddColumnp Where Index add a column to all instances

| DelColumnp Indez delete a column from all instances

| AddRowp Where Index add a row to all instances

| Del Rowp Index delete a row from all instances

| replicatep ClassName Direction Int Int -- replicate a class
addInstancepn ClassName Direction Model -- add a class instance
setLabel (Indez, Index) Label -- set a label

| setValuep (Index, Index) Value -- set a cell value

SetLabelp (Indez, Index) Label -- set a label in all instances
SetValuep (Indez, Index) Value set a cell value in all instances



(Model) Operations on ClassSheets

airline.ods - LibreOffice Calc

File Edit View Insert Format 1

c+ C- |Col+ Col- |Row+ Row- |p

data Opys : Model — Model =
addColumny;  Where Index add a new column
| delColummnyg Index delete a column

| addRow g Where Index add a new row

| del Row g Index delete a row
| set Label (Index, Indez) Label set a label
| setFormulay;  (Index, Index) Formula set a formula
| replicate ClassName Direction Int Int replicate a class
| addClass g ClassName (Index, Index) (Index, Indezx) -- add a static class
| addClassExpy ClassName Direction (Index, Index) (Indez, Index)
-- add an expandable class




Bidirectional Transformation Functions

to: Opy — Opp
to (addColumnag
to (delColummnyg
to (addRow s

to (del Row g

to (set Labelns

to (set Formulay

)
)
)
)

to :Model x Opy — Opp
from: Data  x Opp — Oply

DelColumnp (colummn Inde:
AddRowp w (rowlIndexp 1)
DelRowp (rowIndexp 1)

) = SetLabelp (positionp (:

from : Opp — Op)y
from (addColumnp w i) =
replicate py className Horizontal classInstances instancelndex )
s addColummnys w columnOffsetindexys
from (delColumnp 1) =
replicate pr className Horizontal classInstances instancelndex
- delColummnas columnOffsetindezys
from (addRowp w 1)
replicate yy className Vertical classInstances rowlIndex
:add Row s w rowOffsetIndexns
from (del Rowp i) =
replicate s className Vertical classInstances rowlIndex s
- del Row s rowQOffsetIndexas
from (setLabelp (i,7) 1) =
replicate py className Horizontal classInstances columnliIndex ys
- replicate s className Vertical classInstances rowlIndex s
. set Labelys positionOffsetns 1
Valuep (i,7) 1 J=0
dinstancern en dir m) = )



Compositional
Example: Add a Column and a Class

addRow); Before 3;addClassExpy, "BlueClass" Horizontal (2,1) (3,4)
ABCD A BC D

1
=" 2
¢
3

ABCD

- ::}

W< o=
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B el 100
0 o /0 J 1 U 0
T
" The foreign key
3 : : = constraint guarantees
e ok Mows how bl -@_ B EEE VS &S E- A i that only existing values
I e : are referenced, or
L20 e A e = o e created if necessary
] A - B ] C D 3 [ F =]
I Emﬂ"!r'
I
¢ (pane_key=Plane.N-Number 3
oK | icancel |
i E
iodal=5UM{hours) P
¢+ Colt Cob  Hows Fow  Infer I !:} - g"";’_"‘ s 5 = Eﬁ' T A 4" - w"
L#d B .ﬁ'ﬂ' I = I #__,"
=
A | B [ [ 7] | e | F | 4 H I J
7 1 [lights  Planeskey ¥ - PlanesKey "
i 2 N2342 - T N34l [
= o b \sodel SEETES I : 1 |PilotsKey EEP‘ Destination Date Hours Depart Destination Date Hours
sefe1/2 lospi—0 [ 4 Ismj. | 4 o0 Jero MAT 12/12/2010 - 1400 07:00LIS AMS 16/12/2010 - 10:00 | 02:45 |8
| = : 5 =) OPO MNAT 010172011 - 16:00 0700 0180152010 = 0200 00:00
| I'he value constraint 6 = 01/01/2010-0:00  01:00 0L0L2010-0:00 = 01:00
| guarantees that 7 3
I values of a block are 8 15:00 03:45 1
: within a certain £
I range. 10 [Pilots
I 1 ot M
: il Joho — - —
| The value should be equal or greater than 0. | 1. LER s Mike 330
| et gt 14 lpl3 Anne 433
: oK 15 Jpiz |
I 14 |- |
”
I _——_“\,-F =
[ =~ | 12 [Planes
i : A
T'he primary ke
g s 19 [N-Number ¥ p2342 N34l N1343
SO I ey e The key already exists 20 Model B 747 B 777 A 380 =
that ng dulﬁl?ﬂm ;FJEE" oK 21 |[Name Magalhies Cabral Nunes
are 1nserted 10 a £ - W EEEDDMe T 1 P
Sheet 2/ 2 | Befault | Jsto |0 | | Sum= |& & @ | 120


http://youtu.be/6LNdTdCpV2U
http://youtu.be/6LNdTdCpV2U

* Available at http://ssaapp.di.uminho.pt

 Built out of 7886 LOC:

- 3181 in Haskell, for the inference and evolution
- 980 in Basic, for the embedding

- 2884 in C++, for gluing all components

- 340 in Perl, for compilation and setup

- 722, for makefiles
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http://ssaapp.di.uminho.pt/

Bproadehoots are groat!

Omnipreses

Ralational Modael

+ Fawing ecevganiad th FDa, W GG Faowwr L L
mmhhmw n ol blermn ] e S
b il Taderl

. ClasaSheet Modal infarence
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More?

More at http://ssaapp.di.uminho.pt

Querying model-driven spreadsheet

Visually querying model-driven spreadsheets
Detections of bad smells

Edit assistance

Empirical validations

Variational spreadsheets (@ OSU)

50
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Empirical Study Settings

e 17 student from a MSc course

2 different spreadsheets

- Microsoft budget

- Local company responsible for water supply of
Braga, Portugal - agere

52



Study Setting

* Hypotheses:

(1) In order to perform a given set of tasks,
users spend less time when using model-
driven spreadsheets instead of plain ones.

(2) Spreadsheets developed in the model-
driven environment hold less errors than plain
ones.

53



Completion

Main Results

Number of tasks performed on the MS spreadsheet

M Plain
Model-Driven

10 11 12 13 14 16 17

Participant
54



Main Results

Error rate in the budget spreadsheet

M Plain
Model-Driven

s
T
£
]

10 11 12 13 14 16 17

Subject
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