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What	does	this	
spreadsheet	do?

What	is	it	computing	
is	column	E?

…

I	don’t	need	all	entries	to	
understand	a spreadsheet.
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Figure 3. Formula Explanations

identi�es values as labels for cells.

L(a0) =
(
S (a) if L�1 (a0) = {a}
(S (a1), S (a2)) if L�1 (a0) = {a1,a2}

L(a0) is unde�ned whenever L�1 (a0) = ?.
We explain sets of formulas that share a common structure

and di�er only in their references by a formula with labels
abstracting the references. Finally, we represent unexplained
areas using the special value? (“unexplained”), which allows
us to reduce potentially large chunks of a spreadsheet by a
single row, column, or cell.
Thus we obtain the following de�nition of explanation

formulas and the derived notion of explanation sheets �Xpl .

x 2 Xpl ::= � | �̄ | a | ā | ` | � (x , . . . ,x ) | ?

The structure preservation embraced by�Xpl aligns the struc-
ture and composition of an explanation sheet with that of
the explained spreadsheet.

3.3 Explaining Spreadsheets with Explanation
Sheets

A spreadsheet explanation is captured by a so-called zoom
X

�2S , which consists of an explanation sheetX , a spreadsheet
S , a total function � that embeds the spreadsheet into the
explanation, that is, dom(�) = dom(S ) ^ rng(�) = dom(X ),
and whose explanation formulas explain the formulas of
the spreadsheet. The totality of � ensures that every cell in
S is covered by a cell in X . We don’t require zooms to be
surjective to allow for “�ller cells” in the explanation sheets
that serve no other purpose than to turn explanation sheets
into rectangular areas.
The purpose of zooms is to explain a number of similar

cells by one cell. Speci�cally, when ��1 (a) = {a1, . . . ,ak }, we
use cell a to summarize, or explain, all the cells a1, . . . ,ak .
We can formalize this idea through the notion of formula
explanation, which is de�ned as a binary relationship x 2 f

that says an explanation formula x explains a spreadsheet
formula f , see Figure 3.
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Figure 4. Explanation Semantics

The cases for plain value, value range, and address range
should be obvious. Rule F������ requires that the explana-
tion and explained formulas have the same structure, and
the premise in the rule L���� ensures that a label exists. The
rules E���� V���� and E���� F������ allow empty values
to be explained by ranges and formulas, respectively, and the
rule U���������� allows any formula to be left unexplained.
For a zoom X

�2S we require that every formula in X ex-
plain all formulas in S that are mapped to it, that is:

8a0 2 dom(X ),8(a,a0) 2 � : X (a0) 2 S (a)

Based on the semantics of spreadsheets, we can de�ne the se-
mantics for explanation sheets as follows. Since explanation
formulas include ranges of values and addresses, they will
generally evaluate to ranges of values.1 To resolve references
the semantics needs access to the explanation sheet. Since
we also have to account for ? formulas, the semantics of ex-
planation formulas is of type J·K : Xpl ! �Xpl ! Val[{?}.
The de�nition is shown in Figure 4. We use the function
lV = (#V ,"V ) to compute the minimally enclosing range
for a set of values V . (We also use it for addresses.)
The semantics of explanation sheets is then given by the

following function J·K : �Xpl ! �Val[{?} .
JX K = {(a, �̄?) | (a,x ) 2 X ^ JxKX = �̄?}

Note that the semantics also depends on the underlying
subject sheet S and a labeling relationshipL to resolve labels
(`) in explanation formulas.

Next we introduce the notion of zoom soundness. This is
essentially the 2 relationship for value ranges and values
applied to whole sheets that are connected via a function �.
We say that an explanation X is sound for a spreadsheet S
under � if JX K �2JSK. This relationship captures the notion
that an explanation sheet X covers all cases of the explained
spreadsheet S and that the evaluation of S holds no surprises.
Now we can present our main result, which says that

zooms are sound.

Theorem 3.1 (Soundness). X �2S =) JX K �2JSK

Note that for any spreadsheet S we always can �nd a trivial
explanation through the zoom S

id2S ,2 which means that any
1A single value � can always be represented by a trivial range (�, � ).
2Here id denotes the identity function.
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