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established business and personal analysis tools. They offer
an attractive user interface with graphs and customizable
menus, provide an easy to use computational model, and
offer very substantial interactivity for “what-if” analysis.
Spreadsheets offer many financial, statistical, engineering
and mathematical functions as well as data transformation
services like pivot, aggregation, lookups, etc.

serious shortcomings. They lack a well defined algebra and
their computation is cryptic. A scalability problem exists
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Abstract

Spreadsheets, and MS Excel in particular, are
established analysis tools. They offer an attractive user
interface, provide an easy to use computational model
and offer substantial interactivity for what-if analysis.
However, as opposed to RDBMS, spreadsheets do not
provide a central repository hence they do not provide
shareability of models built in Excel and lead to
proliferation of multiple copies of the same spreadsheet.
Furthermore, spreadsheets do not offer scalable
computation, for example, they lack parallelization. To
address the shareability, and scalability problems, we
propose to automatically translate Excel computation
into SQL. An analyst can import the data from a
relational system, define computation over it using
familiar Excel formulas and then translate and store it as

On the other hand, there are existing computational

engines without scalability or fragmentation problems and
with a well-defined computational algebra, for example,
OLAP [7], [8], Statistical [12] and Relational engines. They
' are, however, at a disadvantage in interactivity, graphical
presentation and popularity of the computational language.

This paper discusses a system that combines the

presentational and interactive modeling power of Excel and
the computational power and scalability of an established
Relational Engine with Analytical Extensions. This system
is called Query By Excel (QBX) and has these features:

Analysts build and edit their model using familiar Excel
formulas. The model is then automatically translated
into SQL and stored as a set of publicly available
relational views.

Analysts designate areas in the spreadsheet that are
relational sources, calld®iTables The area contains an

a relational SQL view over the imported data. The Excel
computation is then performed by the relational system.
To edit the model, the analyst can bring the model back
to Excel, modify it in Excel and store it back as an SQL

View. We refer to this system a3uery by ExcelQBX

in short.

image of (a sample of) a relational table. An RTable can
be transformed into another RTable using Excel
operations corresponding to Outer Join, Selection,
Projection and Aggregation. Hence, users can perform
Relational operations with Excel without writing a SQL.

e The analyst writes Excel formulas on samples of tables
that fit in an Excel spreadsheet. However, when
operations are translated to SQL they operate on entire
tables, hence applying the scalability of the RDBMS (in
size and parallelism) to Excel models.

To import relational data to Excel, users currently use
Relational Query Builders [10], [11] that require some
knowledge of SQL. QBX disposes of them as query
building is done entirely with Excel formulas.

Business Reporting tools [9] can access the Relational
Views of translated Excel spreadsheets. Excel
consolidation becomes as easy as combining these
views using SQL operations like Join, Union, etc.

This paper was motivated by new SQL Analytic

Introduction

Spreadsheets, MS Excel [5],[6] in particular, are

Spreadsheets as computational machines, however, have

when the data set is large. Also, spreadsheets offer gxtensions: SQL Model [1],[2] and SQL Pivot Operator [3]

fragmented, unconsolidated picture of a business with dat@hich provide language bindings to express Excel formulas
residing in separate sources, like RDBMS, and formulasn efficient SQL.

describing the business in a spreadsheet.

This paper is organized as follows. Section 2 briefly
Permission to copy without fee all or part of this material is grahte  gagcribes SQL extensions used for Excel translation. Section
provided that the copies are not made or distributed for direc . . . .
commercial advantage, the VLDB copyright notice and the title of the3 describes the hlgh level archltec_ture and relational
publication and its date appear, and notice is given that copying is byschemas. Section 4 discusses translation of Excel formulas
permission of the Very Large Data Base Endowment. To copy otherwisd0 SQL and Section 5 presents its optimizations. Section 6
or to republish, requires a fe and/or permission for the Endowment shows performance of our translated models. Section 7

Proceedings of the 31st VLDB Conference, Trondheim, Norway, concludes and suggests topics for further research.
2005
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2 SQL Extensions MODEL
REFERENCE budget ON (SELECT r, p FROM budget)

This section briefly describes the SQL Model [1] [2]  DBY(r) MEA(p)
extension (available in Oracle 10g Release) used in our PBY () MEA (sum(s) s)
Excel to SQL Translation. Our examples are based on a star
schema with three dimension tablegne_dim prod_dim )
region_dimand a fact tablé(t, r, p, s, c) f is dimensioned by The evaluation of formulas can be done in the order of
time (), region ¢), and product §) columns and has two their dependencies or in the lexicographical order of their
measures: sales)(and costq). specification referred to as AUTOMATIC or SEQUENTIAL

[1] introduced an SQL extension for analytical processingorder, respectively. Consider the following SQL Model
called SQL Spreadsheet Clause, later renamed SQL Modatlause:

Th|s. 'extenSflon allows users tp view a relation as a MODEL PBY(r) DBY (p.t) MEA (s) AUTOMATIC ORDER
multldlmen5|onal array an'd spg_ufy mulltllple fprmula}s OVET (grdvd’,2002] = s['dvel’,2000] + s['dvel’,2001]

it. The SQL Model clause identifies partition, dimension and  spdvd’,2001] = 1000

measure columns within the query result. The partition )

(PBY) columns divide the relation into disjoint subsets. The Here, the first formula depends on the second and
dimension (DBY) columns uniquely identify rows within consequently we will evaluate the second one first. SQL
each partition, calledells The measure (MEA) columns are Model also provides iterative execution of rules with
expressions computed by the model. A sequence of formuldermination conditions, and options to treat NULL values in
describing computation on cells, follows the PBY, DBY and numeric expressions as 0, etc., which are used in QBX.
MEA definitions. The structure of the SQL Model is: 3 Architecture of QBX

s['west’,2002]=budget.p['west']*s['west’,2001]

<existing parts of a query block>

MODEL PBY (cols) DBY (cols) MEA (cols) <options> Our system, Query By Excel, aims at making Excel
( Spreadsheet a front end to Relational Databases. Figure 1
<formula>, <formula>,.., <formula> shows the system’s components and their interactions. The

) hQBX Schema stores a representation of a spreadsheet’s data,

-CeIIs_ are referenced Using an array notation wit formulas, layout, and RTables. The RDBMS interaction and
dimension columns qualified by predicates, for example

s[p="dvd’, t=2002] or s['dvd’, 2002] for short. A formula modeling component allows the user to manage RTables.

) : he Persistence component stores information about a
represents an assignment of expressions over measures to the
) Spreadsheet to the QBX schema. The Excel to SQL
target cells. For example:

Translation translates a spreadsheet into an SQL view. There
SELECTr, p, t, s FROM f are two categories of users in this system: the Excel analyst
MODEL PBY(r) DBY (p, ) MEA (s) uses Excel to design models on the underlying transactional
(sfver,2002] = sfver,2000] + sfver 2001], data; RDBMS users and applications consume the models

s['tv’, 2002] = avg(s)['tv',1992<t<2002
) [ 1= avglol ] created by the Excel analyst.

partitions tablef by region r and defines that within each Figure 1Architecture of QBX
region, sales of 'vcr’ in 2002 will be the sum of sales in 2000

and 2001, and sales of 'tv’ will be the average for years ( App”catioa) ( UI EsEeEr; S )

between 1992 and 2002. The left side of a formula can define

a range of cells and the new function() carries the value of .
i i i i i i RDBMS
a dlrr_]e_nsmn from the I_eft side to the_ right side thus se.rvmg nteraction || Excel->SQL | QBX
as a join between the right and left sides. For example: & Modeling | Translation | generated
QBX SQL objects
MODEL DBY (r, p, t) MEA (s) Database
( Persistence [ ™| Schema
s['west’,*,t>2001]=1.2*s[cv(r),cv(p),cv(t)-1]
) EXCEL RDBMS

states that sales of every product in the 'west’ region for
year > 2001 will be 20% higher than sales of the same 1h€ Database Schema Componenstores Excel two-
product in the preceding year. dimensional grid and relational objects represented in a set

[1] also introduces read-only Reference Models which arf relational tables: _
n-dimensional arrays defined over other query blocks. They EXCels(eid, name, owner, ExcelBinary, SQLVieegords
are used as lookup tables in the main SQL Model clause. Fgiccounting information about stored Excel spreadsheets
example, assume a budget tattedget(r,p) containing including thelr' name, internal Excel |¢|(j), owner, and the
predictionsp for the sales increase for each regiorithe ~ EXCel XIs file in a lob columnExcelBinary. It also stores
following query predicts sales in 2002 in region ‘west the name of the SQL View containing SQL translation of

scaling them using predictignfrom thebudgettable. Excel inSQLViewcolumn. This view is available to public.
Cells(eid, sheet, row, col, x, Btores cells of an Excel

SELECTr. t, s FROMf GROUP by, t spreadsheet. It records a cell's coordinasseét, row, co|
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and either its valuexj, or its formula f). Cells that are not 1.
populated are not stored. We store values as strings and rely
on SQL for implicit type conversion. 2.

RTables (eid, RTable, sheet, row, col, sample, RTableView,
..) stores, for each Excel, the name of each RTable imported

into Excel RTablg, its location within Excel(sheet, row, 3.
column) parameters (e.gsamplesize), name of the SQL
View representing the RTableRTableViey, and other 4.

accounting information like column types. The SQL Text
representing RTable is stored in the public catalog.
To illustrate, consider the following Excel spreadsheet

A new Excel ID (eid) is created and the Excel xIs file is
stored in théexcelstable together with its name, etc.
The location, and the formula or the value of each popu-
lated cell that does not belong to an RTable is stored in
theCellstable.

The location of each RTable is stored. The SQL view
representing the RTable is also stored.

The Excel to SQL translator (described in Section 4) is
invoked and the resulting relational view, representing
the Excel computation, is stored in the RDBMS public
catalog. Its name is recordedHErcelstable.

Figure 2Examplel The Translation Component performs two types of

A B C D translations: it translates Excel formulas into an SQL view
1 sale diff over the Cells table; and over views representing RTables.
> 10.00 The component runs in the RDBMS as a Java stored
3 1200 | =c3-c2 procedure. The translation is described in detail in Section 4.

When this Excel spreadsheet is persisted, we create 4 Excel to SQL Translation
single entry in theExcelstable, and then store five cells C1, o ]
C2, C3, D1 and D3 to th€ellstable with their Excel <sheet, In QBX we try to minimize extensions to Excel. We used
row, col> coordinates. Cells C1, C2, C3, D1 have constant@dvanced Excel capabilities, like pivot functions, advanced
(in the Cells.x column) and cell D3 has a formula (in the filters and operations on hamed ranges, to simulate relational

Cells.f column). This Excel spreadsheet does not contairPPerations like aggregation, selections, and set functions,

RTables, hence RTables is empBxcelsalso contains the

respectively.

name of an SQL view, which represents computations done We recognized that Excel supports functions not yet

by this spreadsheet.
QBX generated SQL Objectsstore views representing

represented in SQL, like financial functions, and decided not
to translate Excel spreadsheets containing them. Our goal

Excel computation in public dictionary. For the examplewas to translate a subset of Excel functions which have

above, we store the following view:

Q1

CREATE VIEW Examplel AS

SELECT sheet, row, col, x FROM cells

MODEL DBY (sheet,row,col) MEA (x) AUTOMATIC ORDER

x[1,3,4] = x[1,3,3] - X[1,2,3] -- D3 = C3-C2
)
The RDBMS Interaction and Modeling component is

an Excel add-on written in VBA. This component exposes a("e" i i k )
0(Sectlon 4.2) uses Excel operations on imported relational

menu-driven interface; a main menu called QBX allows us t

correspondents in SQL. Many Excel functions could be
implemented as simple SQL row functions using PL/SQL.
Others, like SUMPRODUCT that takes a variable number of
ranges, could be translated to SQL using aggregates and
collections, and these are left for future extensions.

We distinguish three types of Excel to SQL translations.
Fixed frame translation (Section 4.1) handles self-contained
Excel computation, i.e., formulas operating on embedded
non-imported) Excel data. The Table Translation

manage RTables and to store, translate and load Excel to aﬁ%bles to simulate parts of relational algebra. The Unified

from the database. It has two major sub-menus:

1.
load a relational table (menu itehbadTablg, add and
drop columns from itAdd Column/Drop Columnsave
a transformed RTable as a relational vieBayeTablg

and save regions of Excel spreadsheets as Relation

Views (SaveRegion

QBX->Spreadsheet menstoretranslates an Excel
spreadsheet into SQL and stores it in the database to-
gether with the original Excel spreadshdaiadloads a
previously stored Excel spreadsheet for editing.

This component invokes the Translation and Persistenc

components for the bulk of its work.
The Persistence Componenpersists information about

RTables, their locations in Excel, SQL views representinq/i
them, populated cell values and formulas in the RDBMS
This component is implemented as a VBA Excel add-on
using Objects for OLE. These steps are followed to persis

an Excel spreadsheet:

QBX->RTables menu manages RTables. It allows us to

translation allows Excel computations on RTables (Section
4.3 and Section 4.4).

4.1 Fix Frame Translation.

Thefix frame translatioris based on the observation that
glxcel formulas operate on a fixed grid dimensioned by sheet,
row, and col(umn). Within this grid, the formulas compute
cells as functions of other cells or cell regions using Excel
expressions and functions. The fix frame computation
translates well into the SQL Model as it can define SQL
formulas on an array dimensioned by Excel grid: (sheet, row,
%ol). A few exceptions are noted below.

Each cell in Excel is stored in th@ellstable, which keeps
the location, the value, and the formula of every populated
cell. The Excel spreadsheet is then represented by an SQL
ew over theCellstable that computes the value of the cells.

The view contains an SQL Model dimensioned by Excel

oordinates: (sheet, row, col) with measure x representing
the value of the cells. Excel coordinates are expressed as
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array indexes, e.g, Sheetl!Al has (1,1,1) coordinates. For R(fcnAgg ( cell picell )=

cells containing formulas, SQL Model's update rule  sdlFen(fcnAgg) (s) [ sheet(cell 1
computes their values row(cell y<=rows=row(cell ),
For example consider the following Excel: col(cel p<=colc=colicell  2)]-- faggregate
A B C R(fcnOp (e 1.€ 2,))=
- R(e ') op(fcnOp) R(e 2") op(fcnOp)
; ; :ﬁ;:i‘z whereR(e 1,e 5, )=(e 1, e ', )--foperator

When the Excel spreadsheet is persisted, four cells Al, R(fen (exprlist) ) =

. sqglFcen(fen) ( R( exprList) -- fscalar
B2, B1 & B2 are stored in th€ellstable. Constants Al and _
A2 do not generate update rules; B1 and B2 are representedR(€1: €2.-) = L(e1), L(€2)... - exprList
with two update rules: L(cell ;:cell ,)= - Lis a routine for lists
SELECT sheet, row, col FROM cells s [cell 1],..s[cell »] --crange_in_list

MODEL DBY (sheet,row,col) MEA (x) AUTOMATIC ORDER

( X[1,1,2] = X[1,1,1] + X[1,2,1],~ B1=A1+A2 L(e)=R(e) ,where eis not a cell range

-- other_expr_in_list

) ML22]=x1al+1 - BasAs For example the following Excel spreadsheet
Observe that SQL Model uses the AUTOMATIC ORDER A B
option, which guarantees that formulas are processed in their 11 =sum(A1:A4)
dependency order, similar to Excel. We do not show this 2 |2 =product(A1,A2)
option and the sheet coordinate in the following examples 3 |3 =In(A1)

for brevity.

Basic Fix Frame Translation. Figure 3 lists the rewrite
rules for our translation. A recursive rewrite functiBriakes
an Excel formula and converts it to an SQL Model formula.
We use these rewrite rules:

is translated as:

SELECT row,col, x FROM cells

MODEL DBY (row,col) MEA (x) AUTOMATIC ORDER

(x[1,2]= SUM(x)[1<=row<=4, 1<=col<=1],

-- B1=SUM(A1:A4)
X[2,2]= X[1,1] * x[2,1], - B2=PRODUCT(A1,A2)

+ cref-translates a cell reference e.g. R(Sheet1!Al) = x[1, x[32]=In(x{1,1]) - B3=LN(AL)
1, 1].
« crangeandcrange_in_list translates a cell range Note that theCells table will contain 8 cells when

argument of an Excel function. For an Excel aggregate persisted: constants in cells representing A1,A2,A3 and
we translate the Excel range into a relational range. Foformulas in B1,B2,B3.

example, R(sum(A1:A10)) = sum(x)[1, 1<=row<=10, Vlookups and HLookups. These are frequently used
1]. In some cases, the range is expanded into a list of Excel lookup functionsVlookup(key, range, colyupports
cells (e.g. "A1:A3" expands to "A1,A2,A3"). content-addressable lookup tables. A user specifiesy#o
There are three rewrite rules for Excel functions: match against, eangeof cells, and whiclkcolumnto lookup
« faggregatean Excel aggregate is translated to an SQL within the range. Thekey is matched againgtange’s first
aggregate over a set of rows. column, and the corresponding value in the lookofumnis
« fscalar an Excel scalar function is translated to its SQL returned. There is no simple translation Wbokup()to a
correspondent. SQL function in the basic fix frame translation. However,

foperator some Excel functions are translated to infix  vliookup()is very similar to SQL reference Model clause that

SQL operators, for instance, PRODUCT() translates to implements lookup tables.

the infix *, Informally, our translation of vlookups works as follows:
Unfortunately, Excel has functions that are not available inFor any formula containing a vlookup, we translate the

SQL and these terminate translation with a failure. formula to a reference model containing the key column as
The following helper functions are used in rewrite rules: its dimension, and the lookup column as its measure. Thus,
« sqlFcn(excelFcn) translates Excel to SQL function. in the main MODEL clause, the reference model is used as a
« op(excelFcn} translates Excel function to lookup table. More formally, assume that viookup’s range is
corresponding SQL infix operator. defined by the left-upper corner g£rcg> and right lower
« sheet(c), row(c), col(c)translates Excel coordinates of corner <g, cz> Excel positions. The translation of a
a cellc to 1-based offsets. Vlookup(key, €rs, ¢, <rg, C>), col) results in the following
Figure 3Rewrite Rules for Fix Frame Translation SQL reference Model:
R(e 1ope ,)=R(e q1)opR(Ee ) -- operator Q2
REFERENCE vlookup_ref ON
R( const ) = const -- constant ( SELECT k.x key, v.x value
R(cell) = FROM cells k, cells v
s[sheet(cell), row(cell), col(cell)] -- cref WHERE k.col=  Cg&v.col=  Cgtcol-1
& krow >= rg & krow <= rg & v.row=k.row )
R(cell j:cell  5)= DBY (key) MEA (value)
s[ sheet(cell 1), Thekeyis in the first column of the rangeJ¢thevalueis
row(cell 1)<=row<=row(cell 2),

o in the lookup column, th&eyandvalueare in the same row,
col(cell 1)<=col<=col(cell 2)] -- crange
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and that row is in the specified ranggt@ rp). This reference inter-column computatiordérived RTable

model creates a mapping frokeys(first column values) to A direct RTable is created from an RDBMS table or a
values(lookup column values). A vlookup over the specified view using our Add-On Excel menu, “"QBX->RTable-
range, on the specified lookup column, with key value K is>LoadTable”, similar to the “Data->Import External Data”

translated to: menu available with Excel. Users have an option of
viookup_ ref.value[K] importing the entire table, its schema only, or its sample. _For
For e;<ample, viookup(Al, A2:D4, 2) in cell A3 is the last case, the number _N of imported rows must be given
translated as: and we create a region with N rows even if the source has

smaller cardinality. We provide random sampling (using

SELECT row, col, x FROM cells ANSI SQL SAMPLE clause) or repeatable sampling for

MODEL
REFERENCE viookup_ref ON taples. The latter returns t_op N records ordered_ by _the
(SELECT k.x key,v.x value FROM cells kcells v primary key qf the ta_ble. A direct RTable by de_fault |_nher|ts
WHERE k.col =1 & v.col = 2 the name of its relational source and we require uniqueness
& krrow >= 0 & krrow <= 4 & v.row = k.row) of RTable names.
D'EEY(("EV) Ml')f/;/l(éi'”(e; The data in RTables is always sorted for uniqueness of
row, co S s . fps . . .
( s[3.1] = viookup_ ref.value[ s[1.1]] ) positioning within Excel. Sorting is done by either the PK of

If an Excel spreadsheet has multiple viookups referring tgN€ Source tables or by a user specified unique order. The
the same region, we construct a single SQL reference modétter is requested by standard Excel “Data->Sort” menu.
for all of them. For example, viookup(Al, A2:D4, 2) and The sort order is _remembered by QBX. When an RTable is
viookup(A1, A2:D4, 3) are satisfied with a single referenceCreated on a relational table T, we will create a vigyover
model. T which in addition to T's columns has an integer column,

We should mention that our viookup() translation is based™: representing the ordering as a sequence of consecutive
on finding an exact match of the specified key, whereas ift€9€rs, 1,2... Column rn is calculated using the ANSI SQL
Excel, viookup() searches a column for a given key valugunction A ter by <orderin col
and finds the row which has the largest value that is less than fgg;”;;‘af;o ﬁ;’eré?r uerre y 4< O;r?cr)l\;‘\/g}scol?\’s;;bl éact (A2:D10)
or equal to the specified value. However, equality matche§ _p » M9 ) ) P

. ime d (2:J4), prod_d (16:J8), region_d (110:J12)
are the most used and we implemented these. — : — g —
\ N . - corresponding to our electronic warehouse. The user

Excel'sHLookup) function is translated in a similar way. . . )

) . , imported samples of the underlying relational tables.

This translation only works for vlookup’s on constant

data. In our formulation, théey and value are the values Figure 4Electronic warehouse RTables in Excel
from the Excel cells and disregard the formulas stored there A B c D [ '_ J
To account for these, our SQL Reference clause would hav{t f?‘Ct time_d
to pull in the SQL rules corresponding to those formulas and2 |city  Jprod Jmonth Jsale month | year
any dependent cells. This is left for future work. 3 LA v m1.00 | 10.00 m1.00 | y.00
4.2 Table Translation 4 |LA  Jradio |m2.00] 12.00 m2.00 | y.00

' ' 5 [TA v |mi01]14.00 prod_d

The table. transllat.ion creates named, rectangular, 6 ILA_ Iradio Tm2.01l 16.00 prod Categ
protected regions within Excel, call®iTablesrepresenting 7 [Bostorl tv ml.oa 0.0 ™ ~ed
relational tables_or views. A fundamentgl prmmpl.e behind s—Tsesot oo T o5 22'03 —— -1
RTables and their Excel transformations is our ability to map .

. . . 9 |Bostor] tv m1.01f 24.00 region_d

them to SQL views. This mapping allows us to translate ot - R W : =
Excel operations over RTables to SQL to persist Excel osonpradio) meq <> city Sae
computation in RDBMS. 11 LA CA

An RTable has a header specifying the table and column12 Boston | ma

names followed by the rows representing the data. Within In the RDBMS, fact table will have a viewfact, with the
Excel's RTable structures, we remember the associatet®llowing column in addition to all columns of fact:
metadata like the data types of the columns, PK and PK-FK row_number() over (order by city, month, prod) rn
constraints of the base tables, etc. Similarly for the dimension tablesie_d etc.

A region occupied by an RTable is visibly marked by an We pr0\_/ide a small set of operaftors on RTables (in menu
outline and is protected similar to the Excel Pivot Table, i.e..@nd function form) to create derived RTables, emulating
it cannot be split by adding new Excel columns or rows. Werelational inter-column  calculation,  projection,  join,
protect the shape of RTables to preserve and track theftdgregation and selectl_on.
mapping to relational sources and other RTables. Inter-column calculat_lons. Users add a new (calculated)

An RTable can directly represent an RDBMS table or acolumn to an RTable with two steps. _
view (direct RTablg, or be derived from other RTables using 1- The RTable is extended by a column and given a name
a small set of Excel operations corresponding to the Via our “QBX->RTable->AddColumn” menu. This new
fundamental relational operators like join, aggregation, and ~ column is initially populated with NULLSs.
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2. A calculation is added to the column. It is an Excel for-the  “Data->Subtotal” and the “Data->PivotTable”
mula which references either constants or other columnsaggregations. We have selected the latter two as the most
from thesamerow in the RTable. The formula must be general and most similar to relational algebra. Both
replicated in the entire column of the RTable. operations accept regions of data (hence the resemblance to

Projection. Users can delete (i.e., project in relational relational algebra), which in our case are RTables, and both
terms) an RTable column via “QBX->RTable- produce multiple aggregations. They are easily simulated
>DeleteColumn” menu. The menu acts similar to thewith SQL GROUPING SETS functionality. The SQL query
standard “Edit-Cut” menu except that PK columns or themust have an ORDER BY to preserve the ordering generated
ordering columns of the RTable cannot be deleted, as thelyy Excel aggregation, see examples in Q3 and Q4.

are required in order to preserve correspondence to relational “Data->PivotTable” aggregation can also pivot the data

sources and the uniqueness of their presentation. using an additional SQL GROUP BY operator or with the

Joining of RTables.Joining of two RTables Rand R is  proposed SQL pivot operator [3]. For example, consider

non-trivial as Excel doesn't provide a natural correspondenapplying a PivotTable operation to the RTable from Figure 5.

of relational inner-join. The closest Excel operation, We will pivot region D3:G10. It can be aggregated using a

HLOOKUP or VLOOKUP, is similar to relational outer join, PivotTable without pivoting as shown in Figure 6, or with

and this is what we implemented. Thg REFT OUTER  pivoting as shown in Figure 7. Aggregation in Figure 6 uses

JOIN R, operation is similar to adding a calculated columnExcel PivotTable option “Grand Total For Rows”; in Figure

and proceeds in two steps: 7 uses “Grand Total for Rows” and “Grand Total for
1. Anew column is added to the left table of the outer join,Columns” The corresponding SQL expressions are given in
R, Q3 and Q4, respectively.
2. The column is populated with VLOOKUP{Rok, Ry, Figure 6Aggregation using PivotTable without Pivoting Q3
R,.coly), which left outer joins Rto R, and projects the L M N
Rz.C0|2. 1 PivotQ3
Figure 5Join of fact to its dimension tables 2 |state year total
A B c D E F G 3 [ca y.00 | 22.00
1 |fact 4 y.01 30.00
2 Jcity |Jprod [Imonth |state [categ | year | sale 5 [lca total 52.00
3 LA v ml.00fca  |vided® Jy.oo® |10.00 6 [ma y.00 42.00
4 |LA radio |m2.00] ca audio] y.00 [ 12.0¢ 7 y.01 50.00
5 |JLA tv m1.01 | ca video| y.01 | 14.00 8 [ma totaI'I 92.00
6 |LA radio {m2.01] ca audio] .01 16'0T Q3 - without pivoting and “Grand total for rows” option
7 |Bostor] tv m1.00 ma vided y.00 20.0!) SELECT state, year, sum(amt) amt,
8 IBostod radio I m2.0d ma audi v.00] 22.d0 row_number() over (order by state,year) rn
. FROM
9 |Bostor] tv . m1.0}) ma V'de_c y.01 24.0p fact f outer join time_d t on f.month=t.month
10 |Bostor] radio | m2.0] ma audip vy.01 26.q0 outer join prod_d p on f.prod = p.prod
a. =viookup(B3, 17:38, 2) outer join geog_d g on f.city = g.city

GROUP BY GROUPING SETS ((state,year),(state))
b. =vlookup(C3, 13:34, 2) ORDER BY state NULLS LAST, year NULLS LAST;
Figure 5 shows a join of the fact table with the dimension
tables. We have extended tfaet RTable with three columns  If there are Foreign key constraints between join columns,
(state, categ, year) and placed the Excel vlookup functionguter joins in Q3 and Q4 are replaced with inner joins.
joining to the dimensions. For example, cell F3 contains Query Q4 can be expressed more elegantly using PIVOT
vlookup(C3, 13:34, 2) that looks up the year of ‘m1.00’ in the [3] operation.

time_d RTable and returns ‘y.00'. Region 13:J4 corresponds Figure 7Aggregation using PivotTable with Pivoting Q4

to the dimension table time_d from Figure 4. Cells E3:E10, L M N @)
representing year, have analogous vlookup functions. Cell 1 [PivotQ4
E3 contains viookup(B3, 17:J8, 2), which looks up the 2 |prod audio
category of ‘tv’' in prod_d, resulting in ‘video’, etc. 3

The inner join is not supported by our translator, which is 4 [state [yo0 o1 ol
quite limiting. We plan to simulate it with a menu driven 5 lca 500 11600 1 2800
Leson of e fon Smlar o e Pt Tble and v s [o_ [ [zzm [mm [
the integrity constraints on RTables, if there is an enforced 7 [otal 3400 | 42.00 | 76.00
Foreign key constraint between join columns, outer join is Q4 - with pivoting on time column
converted to inner join. SELECT state,

. . . sum(case when year = 'y00’ then amt end) y00,
Aggregating an RTable.Excel provides multiple ways to sum(case when year = 'y01’ then amt end) yO1,

aggregate data, for example aggregation of named regions, sum(case when year is null then amt end) total,
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row_number() over (order by state nulls last)rm Excel contiguous regions, and analyzes them further using

FROM Excel formulas. With RTables, we provide analysts a tool to
(ﬁsgfﬂm state, year, sum(am) amt perform the pre-processing of the relational data directly in
fact f outer join time_d t on f.month=tmonth Excel and represent it as a derived RTable. Ideally, we would
outer join prod_d p on fprod = p.prod like to represent the subsequent Excel computation over
outer join geog_d g on fcity = g.city RTables as further SQL transformations, which is difficult to
WHERE prod = ‘audio’ - <a predicate on prod> express using standard ANSI SQL as users can specify an
)GROUP BY cube(state,year)) arbitrary formula for every row of an RTable, each
GROUP BY state ORDER BY state NULLS LAST; referencing arbitrary cells.

Selecting data from an RTable. Excel provides an To support arbitrary Excel calculations on RTables, we
advanced filtering facility “Data->Filter->AdvancedFilter”. linearize them as 2-D arrays with Excel (row, col)
It filters entire rows from Excel regions and hence is verycoordinates. Consider an RTable R(c1, c2, ..., cn) with M
suitable for filtering of RTables. This operation on RTablesfows whose left-upper corner is rooted at Excel ¢, <>
corresponds to the WHERE clause of an SQL query blockosition, and right-lower corner is at &M cs+N>. There is
and this is how our tool translates it to SQL. a relational view T corresponding to R with the same

Composition of RTable Transformations. QBX tracks ~ columns (cl,.. cn), as well as an integer column, rn,
the above operations on RTables. Any RTable can be #epresenting unique ordering of rows for placement gé T
subject to Aggregation, Outer Join or Selection and this willdata within Excel. Note that R represents all rows in T (i.e.,
create another RTable. We can track back the operation to tH8 is built on the entire data set of T), otherwise linearization
direct RTables (i.e., ones with direct relational tables) and rewould depend on the size of the sample.
create a corresponding SQL view over the relational tables. We experimented with two linearization techniques. First,
For example, aggregation on Figure 6, can be expressed fglled Assignment Linearizationrepresents Jas a SQL
terms of relational tables as Q3. Reference Model dimensioned by Excel coordinates (row,

Persisting of RTables in RDBMS.A user can persist a ¢€0l). The transformation is based on stacking columanc
derived RTable in the RDBMS either as a view, or athe previous column;g with a UNION ALL operator. For
materialized view (MV) using our menu “QBX->RTable- example, the first column, c1, of i represented as
>SaveTable”. The view is expressed using a set of SQL sglecT m+rg AS row, ¢ ¢+1 AS col, c1 AS x FROM T,
transformations on the direct RTables. Note that when a usehe second column, c2, as
creates a direct RTable in Excel, he/she may request only a UNION ALL
sample of the data from the underlying relational table. (- & (4t . AS row, ¢ +2 AS col, 2 AS x FROM T,

However, when we persist a derived RTable, we create thg. | the Main SQL Model, it assigns the reference values
view on entire relat_lonal tables, not their samples. Hence t_hﬁ) corresponding Excel cells in ther(s c.>, <r ¢+M co+N>)
views (_:orrespo_ndlng to RTables operate on the _ entlrt;egion. The SQL formulation is:
underlying relational tables. For example, aggregation on
Figure 6 is stored as a view on entire relational ta_lbles, see g‘ELECT row,col, x FROM cells
Q3, even though the RTables on Figure 4 contained only mopeL
samples of data. Samples were imported into Excel just to REFERENCE ref _t ON
provide example data which fits in a limited space. (SELECT m+r s m, ¢ s+1 ¢, ¢l x FROM t , UNION ALL
In addition to storing an RTable as an RDBMS object ~ SELECT mirs m, ¢ +2.¢c, c2 x FROM t, UNION ALL
(view or an MV), we record the po_sition within Excel of the SELECT mir .M +Mc cnxFROMtE o)
RTable so it can be later restored into the same place. DBY (rn, ¢) MEA (x)
Refreshing a derived RTable from the RDBMS.Once a MAIN DBY (row, col) MEA (x)
relational view representing an RTable has been created, the(XIr  s<=row<=r s+M, 1] = ref_tx[cv(row)],
RTable can be restored back to Excel. This gives users the X' s<=OW<=r s*M, 2] = ref_tx{cv(row)],
_desirable capability to design a se_ries of relationa_\l op_era_tions XIf (<=row<=r o+M, N] = ref_txcv(row)],
in Excel on a sample of the relational tables which fits in a  _ followed by translated Excel formulas
limited Excel sheet, store this as a relational view, compute it )
in the RDBMS using scalable and parallel execution, and This linearization assumes that columns of different data
bring the final results back to Excel. It is very likely that the types are first converted to a common type, such as the
final result, due to aggregation, will be small enough to fitcharacter type.
into Excel even though the original relational inputs would The second linearization, calléeference Linearization,
not. Refreshing is done using the same menu as loadinglirectly translates references to cells occupied by RTable R

“QBX->RTable->LoadTable". to references to a reference model as shown below:
. . . REFERENCE ref_t ON
4.3 Translation of Fix Frame Operations on RTables ( SELECT m, c1, ¢2, .., cn x FROM t )

DBY (rn) MEA ( c1, c2, ... cn)
In this case, since the RTable is rooted af <¢>, and
xtends N columns to the right and M columns down,

Frequently, an Excel application loads pre-processed data
from external sources like relational tables, places them iré
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references to a cell g¥x, cty> in this region is expressed directly using the SQL Reference Model of Q5.

by SQL model reference
Q6 ref_tc y[X]

The Reference Linearization avoids assignment to the
Excel cells using SQL Model rules and uses direct references
to the SQL Reference Model instead. This requires us to

As an example, consider RTable from Figure 6, and theserify that a reference to a cell falls within an RTable region
following fragment of Excel which calculates, per each stateduring formula translation (see Figure 3), and if so, use the

ratio of sales in individual year to total sales in all years.
Figure 8Example-2. Ratio yearly sales to total sales per state

translation of Q6.

For reference linearization, range arguments to Excel
functions have to be translated to lists of cells. For example,
consider a cell containing the formula SUM(N3:N4) in
Figure 8. The formula must be translated first to
SUM(N3,N4), then to the infix notation N3+N4, which
finally can be translated to SQL as:

r.total[1]+r.total[2]

Rules of Figure 3 perform this translation for Excel
functions except lookup-functions likdookug). A lookup
function on an RTable R is translated by constructing a SQL
Reference Model which is dimensioned by the column of R

It is translated using the Assignment Linearizationserving as a lookup key and whose measure is the looked up

L M N (0]
1 |PivotQ3
2 |state year total ratio
3 Jca y.00 22.00 =N3/N}
4 y.01 30.00 =N4/N5
5 [ca total 52.00 | =N5/Nj
6 [ma y.00 42.00 =N6/N¢§
7 y.01 50.00 | =N7/N8§
8 [ma total| 92.00 | =N8/N
method as:
SELECT row, col, x FROM cells
MODEL

REFERENCE ref_t ON

( SELECT m+2, 1 c, state x FROM t o UNION ALL
SELECT r+2, 2 ¢, time x FROM t , UNION ALL

SELECT rn+2, 3 ¢ total x FROM t o)
DBY (rn, c) MEA (x)

MAIN DBY (row, col) MEA (x)

( x[3<=row<=8, 12] = ref_t.x[cv(row)],-- column L
X[3<=row<=8, 13] = ref_t.x[cv(row)],-- column M
X[3<=row<=8, 14] = ref_t.x[cv(row)],-- column N

X[3, 15] = x[3, 14]/ X[5, 14], -- =N3/N5
X[4, 15] = x[4, 14] / x[5, 14], -- =N4/N5
X[5, 15] = x[5, 14] / X[5, 14], -- =N5/N5
X[6, 15] = x[6, 14] / X[8, 14], -- =N6/N5
x[7, 15] = x[7, 14]/ x[8, 14], -- =N6/N5
X[8, 15] = x[8, 14] / X[8, 14] -- =N8/N5

The Reference Linearization is:

7

(S?ELECT row, col, x FROM cells

MODEL
REFERENCE r ON
( SELECT rn, state, time, total FROM t o)
DBY (rn) MEA (state, time, total)

MAIN DBY (row, col) MEA (x)

( X[3, 15] = r.total[1] / r.total[3], -- =N3/N5
X[4, 15] = r.total[2] / r.total[3], -- =N4/N5
X[5, 15] = r.total[3] / r.total[3], -- =N5/N5
X[6, 15] = r.total[4] / r.total[6], -- =N6/N5
X[7, 15] = r.total[5] / r.total[6], -- =N6/N5
X[8, 15] = r.total[6] / r.total[6] -- =N8/N5

)

In the above translations, tablg ¢orresponds to the

PivotQ3 table - see Q3.

column. For example, considelookup(key,M3:N4, 2in the
spreadsheet of Figure 8. M3:N4 represents a region within
the RTable with columnime serving as the lookup key, and

columntotal as the looked up column hence the formulation:
REFERENCE ref_lookup ON
( SELECT time, total FROM t
DBY (time) MEA (total)

o WHERE <=2

viookup(key,M3:N4, 2} then translated as a reference to:
Q8 ref_lookup.total[key]

Observe that the SQL Reference Model contains a
WHERE predicate (rn <= 2) restricting the underlying table
to the rows present in RTable. Our translation of lookup
functions on RTables assumes that the range of the function
doesn’t extend beyond the RTable.

The Reference Linearization avoids assignment to the
Excel cells using SQL Model rules and multiple scans of the
relational table corresponding to the RTal)&tQ5. So it is
likely to be more efficient than Assignment Linearization.
Section 6 compares performance of the two methods.

In many cases, OLAP in particular, the RTable represents
a relatively small cube or small aggregation where the
number of rows in the corresponding relational table fits in
an Excel sheet and does not change often. In such cases, it
may be useful to store fixed frame computations on the
RTable as a new column. For example, consider Figure 8.
Assuming that PivotQ3 represents all data (i.e, RDBMS
stores only CA and MA states and years y.00 and y.00), we
could make colummratio (Excel column O), a calculated
column of RTable. The new colunmatio will be calculated

Observe that with Assignment Linearization, translationUSing SQL Model rules. Our translator will construct the

of an Excel formula referencing the RTable regiony<.>,

following query:

<r.+M, c,+N>) can be done as the fix frame translation of Q9 _ _
Section 4.1, since the SQL Main Model populates the cells SELECT m, state, year, total, ratio FROM PivotQ3

corresponding to the RTable before executing rules which

MODEL
REFERENCE r ON

reference the RTable. This applies to any Excel function (sglgcT m, total FROM PivotQ3 )

except the lookup functions, likdookup(),which reference

DBY (rn) MEA (total)

portions of the RTable. These functions are translated MAIN DBY (rn) MEA (state, year, total, O ratio)
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(ratio[1] = r.total[1] / r.total[3], -- =N3/N5 translation, which is an optimization we discuss in Section 5.

ratio[2] = r.total[2] / r.total[3], -- =N4/N5 .
ratio[3] = r.total[3] / r.total[3], -- =N5/N5 Figure 9 Usage of rtlookup

ratio[4] = r.total[4] / r.total[6], -- =N6/N5 L M N O P R

ratio[5] = r.total[5] / r.total[6], -- =N6/N5 1 |PivotQ3
ratio[6] = r.total[6] / r.total[6] -- =N8/N5 2 [Istate year total ratio
)
ORDER BY 3 Jca y.00 22.00 Jp42
Observe that we reference the PivotQ3 view twice in Q9. (4 y.01 30.00 Jos&
The first reference is in the main query block and the seconds—ea =500 1 1.00
in the Reference Model _clause. Values of tlaeo_ column 3 Y00 700 1048
are computed using fixed frame computation on the -
. - 7 y.01 50.00 0.52
reference model “r". Our translator verifies that Excel
8 |ma 94.00 1.00

formulas reference only cells within the RTable. We refer to
this translation, where an RTable has a column that is a. =N3/rtlookup(L2:N2, 3, L3, null)

calculated using translated Excel formulas, BJable b. =N4/rtlookup(L2:N2, 3, L4, null)

Reference Linearization This also works when the

calculated column references other RTables. These tables The RTable PivotQ3 will be translated to SQL as a view:
will be added to the list of reference models in the SQL q19

query block calculating the column. CREATE VIEW PivotQ3 AS
) ) SELECT state, year, ratio, sum(amt) amt,
4.4 Relative referencing to RTables row_number() over () (order by..) rn
. FROM
Section 4.3 showed how to add a calculated column t0 an ¢c; £ outer join time_d t on f.month=t.month
RTable based on fixed frame Excel computation - see for outer join prod_d p on f.prod = p.prod
example Q9. The method, although computationally general outer join geog_d g on f.city = g.city

as it translates any Excel formula, is limited to RTables that GROUP BY GROUPING SETS ((state year),(state))

are based on a full data set and do not change after ?”?;EFB]BY (state, year) MEA (total, 0 ratio)

translatiop occu_rred. We need a method which is = total[CV(),CV(]/total[CV(state), null]
computationally rich and can operate on samples of RTables )
like the methods discussed in Section 4.2. order by state nulls last, year nulls last;

As noted before, we remember an RTable’s primary key This translation will work well on samples of data as it
(PK) in its metadata. For example, the PK of RTaBieotQ3  can be correctly applied to entire tables.
from Figure 6 is §tate, yeay. To support referencing values  Furthermore, we found that usage ribokup() is quite
from RTables, we have implemented a new Excel lookupgeneral.rtiookup() could reference not only the RTable we
function rtlookup(rtregion, col, pkeyshising VBA. Given a  are adding a column to, but other RTables in the spreadsheet.
region of RTable ttregion), its primary key valuespkeyd  These RTables, which can be based on samples, are added to
and its column numbercl), it returns the value of that the reference model of the SQL view. For example, given an
column at the primary key. For example, in Figure 9: RTableyears_dim (year, prev_yeathat stores the previous

rtlookup(L2:N8, 3, 'ca’, 'y.01’) year for a given year, we can calculate the year-to-year

retrieves the value of column #3, i.e., ttital column, for  (y_diff) sales difference in Figure 10. This would add a new
key ‘ca’ and ‘y.01’, which is 30. Users can also use thereference model and a new rule to the SQL Model of Q10
symbolic name of the RTable (instead of its range) and the

. - -~ MODEL

name of the referenced column (instead of its relative RerereNcEroON
number) as shown below: ( SELECT vyear, prev_year FROM year_dim )

rtlookup(PivotQ3, total, 'ca’, 'y.01") DBY (year) MEA (prev_year)

The rtlookup() function can be used to populate a new DBY (state, year) MEA (total, O ratio)
column in an RTable. If the calculations in every row of the ( ratiol*, *] =

- total[CV(),CV()]/total[CV(state), null],
new column are the same except for relative references, our y_difff*."] = total[CV().CV0)] -

translator will convertrtiookup into a rule in SQL Model total[CV(),r.prev_year[CV(year)]]
clause. )
For example, consider Figure 9 which represents PivotQ3 Observe that this view would operate on entire tables.
RTable from Q3. We added a new columatio representing Figure 10Usage of rtlookup
ratio of yearly sales to total sales per region. The formula i L M N 0) P R IS T
the column is of the form: 1 [PvoiQ3
Irtlookup(L2:N2, 3, L i, null - -
’;ﬁclookupp((LZ:NZ, 3, L nuIII) ret)rieves total sales of every 2 [state Jyear Jtotal fratio Jv dif year d
state. Our translator translates it to SQL Model rule: 3 Jea [|v:00 | 22.0010.42 |° year |prev
ratio[*,*]=total[CV/(),CV()]/total[CV(state),null] 4 y.01 ]130.00]o05& Jo.1A y.00 y.99
Note that equivalent rules have been collapsed in thid Sl 52.00] 1.00 y01 | ¥.00
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a. =N3/rtlookup(L2:N2, 3, L3, null < Sf(lavlc:jal?ge alnd fag%r_egatle transformatu?nslllg Figure _3.
b. =N3 - viookup(rtlookup(S3:T5, 2, M3), M3:M4, 2) QL Model evaluates this rule as a scan of all data, so in
c. =N4/rtlookup(L2:N2, 3, L4, null) some cases the looping construct is more efficient:

d. =N4 - vlookup(rtlookup(S3:T5, 2, M4), M3:M4, 2) X[ FOR row FROMr  ; TOr , INCREMENT 1,

The relative translation results in some cases in FOR col FROM ¢ 1 TO ¢ , INCREMENT 1]
parallelizable execution. SQL Model engine promotes On the other hand, in the example of Q11, if the entire
independent dimensions into PBY clause hence creatingolumn of Excel or RTable is populated with the same
partitions which can be executed in parallel. For exampleformulas (except for relative differences), we could use an

Q10 is transformed as: existential (term of [2]) rule instead of the FOR loop rule:
MODEL PBY (state) DBY (year) MEA (total, O ratio) Q12 x[*, 3]= s[CV(row),1] + S[CV(row),2] . o
( ratio[*] = total[CV()}/total[null] ) For rules operating on a large data set, this formulation is

and the rule can be executed in parallel for each partition. more efficient than the one of Q11 as it uses a scan rather
.. than random access of cells. The decision of which
5 Optimizations translation to use (FOR loop or existential rule) should be

In Section 4.3 we described two methods for translation off0St Pased and integrated into the SQL Model engine. Our

fixed frame computation on RTables. In addition to this, weCUTTeNt implementation uses heuristics and applies the
consider two other optimizations to the translation. existential form to RTables only when a scan is more

Collapsing of Equivalent Rules.In many cases, Excel efficient. In the fix frame translation, we always generate the
formulas in a row or in a column are identical to each other” OR loop rule.

except for the relative differences. In this case, they can bg performance Of Excel Translation
translated as a single SQL Model rule. For example, consider

the following Excel fragment: Our experiments are based on an actual Excel spreadsheet
Table 1: Example-2. Collapsing of Formulas computing two financial measures: increase of sales from
A B C prior period and ratios of sales between different levels of
1 |1 4 Al+B1 product dimension.
2 |2 5 A2+B2 For experiments with RTables we used a synthetic star
3 |3 6 A3+B3 schema from Section 2. Théme_dimcontained 3 levels

This Excel spreadsheet would be translated into a SQI(month, quart, yedrfor a total of 10 yearsregion_dim
Model clause with three rules, one per formula. In fact thecontained 2 levelscity, statg for 1000 cities in the USA
three formulas are equivalent given that the cell referencegvenly distributed among statgsod_dimcontained 3 levels
are relative and they can be replaced by a single SQL Moddprod, brand, catepgwith 10,000 products in 1000 brands,

rule instead: and 100 categories. The fact table had 10,000,000 rows. It
Q11 X[FOR row FROM 1 to 3 INCREMENT 1,3]= was populated SO that Fhe aggregated c_ube starting from the
s[CV(row),1] + S[CV(row),2] second level of dimensions was dense, i.e., every element of

Our translation uses this optimization to coalesce(quartX brandX statg is present in cube.
equivalent formulas in a contiguous range of cells (in a row The experiments were conducted on a 12 CPU, 336 Mhz,
or column). As another example, the SQL Model clauseshared memory machine with a total of 12 GB of memory.
from Q7 will be simplified to: Linearization Techniques.We compared fixed frame and
relative RTable translation techniques. In particular, we

MAIN DBY (row, col) MEA () chose to compare the fixed frame RTable Reference

( X[FOR row 3 to 5 INCREMENT 1, 3] =

total[CV(row) - 2] / total[3], Linearization technique with relative reference technique of

X[FOR row 6 to 8 INCREMENT 1, 3] = Section 4.4. We used the above mentioned schema and

total[CV(row) - 2] / total[6] gueries Q9 and Q10 for this experiment assuming Foreign
) key relationships between join columns (hence outer joins

Fortunately, the Excel Algebra for formulas is a regular
expression, hence finding equivalence amounts to the
recursive traversal and can be done in @)(tilne where N is
the number of Excel formulas.

The optimization significantly reduces SQL Model

were inner joins). We varied the size of the RTable and
¥heasured the execution time of the queries.

The relative translation technique outperforms the fixed
frame translation technique in all cases. This is expected as
- . ) _ Q10 requires one scan over data whereas Q9 requires as
compilation time as the compiler deals with fewer rUIeSmany lookups as there are rows in RTable. SQL MODEL

when deciding their orderi_ng. It also_reduces_execut_ion timeevaluation of Q10 requires us to scan the data and evaluate
as SQL Model uses an efficient run time looping for its FORthe rule for each record scanned. Rule evaluation requires a

Ioons oLr eX|stent|aIIErgItes.t_ | E our initial fix f lookup operation for the right side and an assignment
¢ O: t_oops VS. d X(;S enFla Iorm”. urni |a> _'): ram>e operation. However, for Q9, each rule evaluation requires
ransiation expanded an Excel Cell range, <> : <fz, ¢ three lookup operations. The fact that Q9 performance is

reference to reasonably close to that of Q10 shows that the MODEL
X[r j<=row<=r ,,¢c j<=col<=c ;]
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access structure (hash table) lookup operation is efficient. performance is linear to the selectivity of the predicate.
Figure 11Fixed vs. Relative Translation Figure 12 shows this result.

Our experiments show that fixed RTable Reference
Linearization translation, though general, suffers from
inefficient execution. We leave improvements of SQL Model
queries generated by this technique as future work.

Rule Pruning. Our Fixed Frame translation stores Excel
computation as an SQL View with schemahéet, row, col,

X) over theCellstable, for example see Figure 2 and Q1. In

many cases, users may be interested only in a small s8bset

of cells of the spreadsheet. This set may be derived from a

. . . . . . larger setS; which is still small in comparison to all

D 100000 200000 300000 400000 500000 600000 700000 populated cells. In this case, it is beneficial to evaluate only
Humber of Rows in RTable Ce”S |nSj to return SeS.

The performance of fixed frame translation degrades SQL Model [2] includes an optimization called rule
drastically (the time taken by Q9 when RTable had 600,00®runing which eliminates rules whose computations are
rows is way off the graph) once data Sp|||s to disk. Q]_Oflltered out by the outer filters (e.g, WHERE clause of an
performs well as it processes data in two stages - first, iputer query block). To test it we designed two experiments.
splits data into partitions based stateand then processes  In the first experiment Excel formulas depend on a single
one partition at a time. It can do that becausdependent cell only. Odd Excel rows contain data and even rows
dimension2] optimization of SQL Model identifiestateas ~ formulas. Each formula copies the value of the cell above as
an independent dimension and promotes it as a PBY key. Iahown in Figure 13:

Q9, the entire data has to be processed as one partition as Figure 13Example3. Formulas depend on single cell.

2300

2000 4

1:a.00

10000

Execution Time

o
=]
=]

- - -W- - - Relstive

n.ao

there is no independent dimension. In this case, Q9 requires A B C
random disk accesses and hence performs poorly. 1 (1 2 3
The SQL Model generated by relative RTable translation 2 |=A1 |=B1 |=C1

can be executed in parallel because of the independent |, the second experiment, we constructed in Excel
dimension optimization. SQL MODEL computation of Q10 rectangles where formulas form a dependency chain as
can be evaluated in parallel by distributing the data (eithegpown below:

range or hash based) across processing elements based on

state.The SQL Model generated by fixed translation of Q9 Figure L4Example4. Formulas form dependency chains

. A B C D E F
cannot be.executed in parallel. T T 11 =1 1 =E1
Figure 12Pushing Predicates Optimization > T 1= T=55 1=61 | =02 | =&
s — — — — " 3 |=C2 ]|=A3 [|=B3 |=F2 | =D3 | =E3
+51 In Figure 14 we partitioned the spreadsheet into rectangles
. 3: with 9 cells. Within each rectangle, the second cell depends
£ ] on the first, the third on the second, etc.
£ 5] —————— P In both cases we issued queries against the Excel view.
§ 2 The queries retrieved a single cell. In the case of Figure 13,
Q15 this was a cell from an even row. In the case of Figure 14,
11 Caiemee coomensommnass T this was a cell from the right lower corner of a rectangle, as
o5y T illustrated below:
’ i soluo 10600 15600 QDDIDD 25000 Q13 SELECT sheet, row, col, x FROM ExcelView
Number of Rows WHERE sheet=1 AND row=3 AND col=3;

further optimization of pushing predicates. Predicates in th am(l;t;: anq mtern]:all tracest.. In lcase .Of F||QgL||re 13, the Sc?l_
outer query block on columns that are PBY or independen odel engine periorms optimal pruning. Rules are prunedto
a single rule and we retrieve from ti@ellstable a minimal

dimensions of SQL Model can be pushed through the .
MODEL clause, SQL analytic functions, and Group-By into set of cells. For example, when the outer filter selects cell B2
the WHERE clause of the inner query. We have added 5he engine retrieves qnly B1 and B2 from _ﬂ:tﬂlstable.

predicate onstateand measured the execution time of the In the case of chain dependency of Figure 14, the SQL

gueries Q9 and Q10 varying the selectivity of the predicate!vIOdeI engine performs optimal pruning as well. Rules from

Q9 always takes the same time (and is inferior to Q10) as thgnreferenced rectangles are pruned away. For _exampl.e, n
predicate was not pushed through the MODEL clause. Th e case of Q13 we execute only rule§ from Al.CS region
predicate orstategets pushed through the MODEL clause of and we select only cells from the A1:C3 region from the
Q10 as state is an independent dimension. Q10's Cellstable.

The SQL Model generated by relative translation enable%w We observed rule pruning using the RDBMS explain plan
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Effect of Optimizations of Section 5 The Collapsing of
Equivalent Rules optimization replaces multiple rules with
an equivalent single FOR loop rule or an Existential rule.

more efficiently.

7 Conclusions

Figure 15 shows its effect on the analysis time of SQL oyr goal was to translate Excel computation to SQL and
Model as a function of the number of rules. As expected, thal;se natural extensions to Excel formulas and menus to

time increases quadratically with increasing the number N Oberform Relational Operations on RDBMS tables. We found

uncollapsed rules (according to [2] the analysis is %)IN

that computation can be specified on samples of data which

The analysis time becomes negligible when rules argjt in Excel and then applied to entire relations within
collapsed |_nto a single rule. This optimization also reducefkRpgms. We found that the type of translation is critical.
the execution time (not shown) about 5% to 10% due t0 arpe fix frame translation even though very general was not

more efficient execution mechanism.
Figure 15Collapsing of Rules.
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As mentioned in Section 5, rules can be collapsed eithel®]

into a FOR rule (see Q11) or an Existential Rule (see Q12).
The former implies execution based on random access t

cells via a SQL Model hash table and the latter an executiog
. %]

with a scan over the data. We compared performance of th
two translations as a function of the percentage of data th%
S

rules access for the case when the SQL Model hash table fi

into memory. Figure 16 depicts the ratio of execution time of[g)

an Existential rule to the equivalent rule with FOR loops. We

had 100,000 cells in the SQL Model access structure whefi0]

the rules were evaluated. Evaluation time for the existential
rule does not change significantly with the increased number

of cells that are accessed, although the execution time for thid1]

FOR loop method increases linearly. The graph depicts that
FOR loops are more efficient when less then 30% of cells ar
modified (provided that the access structure fits in memory).

When the data spills to disk, both methods degrade very
quickly as both may involve random access to the cells. In

this case, we observed that a scan performs better as it pages
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as efficient as more restrictive relative translations over
RTables. The latter resulted in SQL formulations which are
scalable in size and parallelization and, in many cases, easily
optimizable by relational engines.

We found that existing Excel operations, in particular
pivot and advanced filtering, are very suited to simulate
Relational Aggregation and selection. We postulate that if
Excel had a few more Relational friendly extensions,
particularly those that simulate joins, allow partitioning of
Excel regions ala SQL window functions [4] and perform
relative computations, it could replace most of query
building and reporting tools. Thousands of analysts with
Excel expertise could construct scalable and efficient
relational queries without writing SQL. Finally, we found
many essential functions missing from SQL, in particular,
financial ones.
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