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(57) Abstract

A computer software system (10) is provided. The computer software system (10) includes a compiler (12) operable to receive
a worksheet definition (20) and to access a plurality of model interface functions (16). The worksheet definition (20) is named and
parameterized and comprises a phurality of cell definitions (24) each defining a model-independent expression (26). The compiler (12)
is further operable to generate a worksheet template (32) comprising a plurality of cell templates (36) cach defining a model-dependent
expression (38). An evaluator (40) is operable to receive the warksheet template (32) and a parameter expression, The evaluator (40) is
further operable to access the plurality of model interface functions (16) and a user model (60). The evaluator (40) is operable to evaluate
the parameter expression and the model-dependent expressions (38) in the workshest template (32) and is operble to generate a worksheet
instance (48) containing a plurality of cell instances (52) defining model-specific values (54).




personnel could use planning software to devel op solutions to problens and
to.react and conpete intelligently in a given market. Planning software is
10 needed that can be programred by users to answer the questions that
need to be answered in a format useful to the user. The productivity inpact
of manufacturing planning software may be limted by the capabilities of
the 15 software, itself. Conventional planning software can be
i ncapabl e of g&YRPHMMEYL needed reports, perform Ag needed anal YPETEUS96/09908
al l owi ng the needed nodifications to a nodel, or nodeling the problem
needed to be sol ved. Consequently, users have limted options because many
20 hel pful planni ng tasks cannot reasonably be done manual |y and
pl anni ng software is unable to do them automatically. One -fundanental need
of manufacturing personnel, for exanple, is to generate customreports that
di splay desired information in formats, terns, and units that are 25
used in daily manufacturing operations. Users of planning software should
not be required to manually
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INTERACTIVE REPORT GENERATION SYSTEM
AND METHOD OF OPERATION

IECHNICAL FIELD OF THE INVENTION
This invention relates in general to the field of
electronic systems, and more particularly to an
interactive report generation system and a method of
10 operation.



search a large quantity of data to find desired informati on and conplete a
desired analysis. Users also should not be required to convert data

mentally from one 30 set of units into units used on the factory fl oor.
Al'l searching, sorting, filtering, converting and translation is work that
it is advantageous for planning software applications to handle. 3 The

programm ng nmechanismthat is nost w dely used by non-progranmm ng-

prof essi onal s iWOR4Bdnvent i onal spreadsheet, such as LOTUS 1PLTAISA689908
M CROSOFT EXCEL. Often pl anners, purchasers, sal@s professionals and
others, faced with inadequate planning software applications, devel op

sophi sticated anal yses and reports using conventional spreadsheet tools.
Contrary to conventional planning software applications, it is advantageous

that a planning soft¥@kgspounp oF THE INVENTTON
Conventional pianning software applications are used
in a wide variety of industries to accomplish various
planning purposes. These planning software applications
5 generally utilize a model of the user's environment for
which planning is desired. -In the manufacturing context,
personnel could use planning software to develop
solutions to problems and to react and compete
intelligently in a given market. Planning software is
10 needed that can be programmed by users to answer the
questions that need to be answered in a format useful to
the user.
The productivity impact of manufacturing planning
software may be limited by the capabilities of the
15 software, itself. Conventional planning software can be
incapable of generating needed reports, performing needed
analysis, allowing the needed modifications to a model,
or modeling the problem needed to be solved.
_ Consequently, users have limited options because many
20 helpful planning tasks cannot reasonably be done manually
and planning software is unable to do them automatically.
One fundamental need of manufactu;ing personnel, for
example, is to geherate custom reports that display
desired information in formats, terms, and units that are
25 used in daily manufacturing operations. Users of
| planning software should not be required to mgnually
search a large gquantity of data to find desired
information and complete a desired analysis. Users also
should not be reguired to convert data mentally from one
30 set of units into units used on the factory floor. all
searching, sorting, filtering, converting and translation
is work that it is advantageous for planning software
applications to handle.



application be directly programmabl e by the personnel that need pl anning
tools. It is problematic for a user to be required to turn to a | ocal
system mai ntai ner or progranmer or the software vendor to initiate a new
analysis or to make mnor adjustnents. It is also problematic if a user is
unable to experinent with different options and possibilities in order to
devel op an analysis of and interface with the nodel ed environnent whether
manuf act uri ng, %‘Pg'f’?q“ﬁht ion, supply or other plahning environnBRI/USPE05298 o
I s advant ageous that a user be enabled to acconmish anal ysi s
through direct interaction with a reporting system nTHlSCSl-&It;@“
US- A-5, 189,608 discloses a financial reporting systgmin
stored in a predefined format and then user definable

seneraed ot < Gt el S P, Beed T e
wherepy it is | oadedy mqmpmmimmmeﬁsimMﬁn isothe wonventional
spreadsheet. United g¥,dffsnades sudn Asd 1610s0332d5S8hasREcROSYPTCRRERE..
generatl ng a secondaéé/terne Fi:.oo.lfatnrlcerr:osrl1 %u clhrgg re %r:l.tes professionals and
5 others, faced with inadeguate planning software
applications, develop sophisticated analyses and reports
using conventional spreadsheet tools.
Contrary to conventional planning software
applications, it is advantageous that a planning software
10 application be directly programmable by the personnel '
that need planning tools. It is problematic for a user
to be required to turn to a local system maintainer or
programmer or the software vendor to initiate a new
analysis or to make minor adjustments. It is also
15 problematic if a user is unable to experiment with
different options and possibilities in order to develop
an analysis of and interface with the modeled enviromment
whether manufacturing, distribution, supply or other
planning environment. It also is advantageous that a
20 user be enabled to accomplish planning analysis through
direct interaction with a reporting system.
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Eur opean Published Patent Application EP-A-0,067,303 discloses a system for
generating reports in which a report tenplate is produced and used to
generate code for producing a report conformng to that tenpl ate.

SUMVARY OF THE | NVENTI ON A need has arisen for a report generation system
that provides programmability, nodel independence and interactivity. In
accordance with the present invention, an interactive report generation
system and a n3VO\8U0M87 oper ati on are provi ded tHat substanti al TS/HPISPPE: o
or reduce di sadvantages and probl ens associ at ed 4w conventional pl anni ng

and spreadsheet software applications. The inventi pH|S SHEET FMS mp di ng
d

to claims 1 (system) and 20 (rmethod). 5 Preferrp
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that provides programmability, model independence and
interactivity.

In accordance with the present invention, an
interactive report generation system and a method of
operation are provided that substantially eliminate or
reduce disadvantages and problems associated with
conventional planning and spreadsheet software
applications.

According to one embodiment of the present
invention, a computer software system is provided. The
computer software system includes a compiler operable to
receive a worksheet definition and to access a plurality
of model interface functions. The worksheet definition
is named and parameterized and comprises a plurality of
cell definitions each defining a model-independent
expression. The compiler is further operable to generate
a worksheet template comprising a plurality of cell
templatés each defining a model-dependent expression. An
evaluator is operable to receive the worksheet template
and a parameter expression. The evaluator is furthexr '
operable to access the plurality of model interface
functions and a user model. The evaluator is operable to
evaluate the parameter expression and the model-dependent
expressions in the worksheet template and is operable to
generate a worksheet instance containing a plurality of
cell instances defining model-specific values. '

According another embodiment of the present
invention, an interactive report generation system is
provided that includes a compiler, an evaluator, a
renderer, and a plurality of model interface functions.
The compiler is operable to receive report, .layout, and
worksheet definitions, to access a plurality of model
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expressions in addition to "get" expressions such that editing the cell can
result in changes to data in the user's nodel as opposed to changes sinply
in the cell. In preferred enbodi nents of the present invention, the val ues
returned by the worksheet and nodel access functions have a well-defined
type. The type allows type-sensitive interaction and help. Further, the
type all ows overl oaded functions which are functions with the sane nane
that take diff¥Q@#0088ies of arguments and can have different BERAISI6HRINGr

each. A preferred feature of the present inventison of
different classes of worksheets within reports such 38I$8HEEY HASBERE] |
fornula results in one value) and replicating (one kell REPIALED S

replicated into many cell val ues) worksheets. A further plclchcé—Le& ure

of the present inveption_is the provision of different classes of

associated with eacﬁnﬁFﬁggcﬁngBEﬁEﬂ%%{sa?§ F%p%??§r§%%¢PEEF?%EﬁIE 339%@-
chart, Gantt chart, Thadewaiuatayoﬁssopénmbhertotnecpiveethe|rnpmttotenpuaWe,
different tabular '%)SOHEéesQ“Q bﬂuPé‘iiﬁ%%f‘rmo&éQViﬂeérfﬂeefft‘ﬁ?& ﬁns, to

axi s-cross layout for replicatih eets In reg
prefecred feature i 8FPRESIBi PEEY B?d?%yoﬁPg o ger F%tﬂ|4f¥ﬁﬁﬁﬁtcﬁﬂFFGP§e°
for di play o6 and Antrenderepnisi dpetdislectdbsreceive the ksdmmtt oinatanper and

Exanpl es of the dif{gr§fkpiay ana allow interaction with that report
instance.
One technical advantage of the present invention is
allowing interactive access to a model of a user's
10 environment through report functions where the functions
are parameterized and are independent of the model. The
cells provided in a worksheet of a report have "set"
expressions in addition to "get" expressions such that
editing the cell can result in changes to data in the
15 user's model as opposed to changes simply in the cell.
Another technical advantage of the present invention
is that the values returned by the worksheet and model
'access functions have a well-defined type. The type
allows type-sensitive interaction and help. Further, the
20 type allows overloaded functions which are functions with
the same name that take different types of arguments and
can have different behavior for each.
an additional technical advantage of the present
invention is the provision of different classes of
25 worksheets within reports such as normal (one cell
formula results in one wvalue) and feplicating (one cell
formula is replicated into many cell values) worksheets.
A further technical advantage of the present
invention is the provision of different classes of
30 layouts associated with each class of worksheets in
reports such as tabular, bar chart, Gantt chart, and menu
layouts. Further, the present invention allows different
B tabular 1ayouts, and in particular, provides the flexible
axis=-cross layout for replicating worksheets in reports.
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controls provided include different classes of controls for display and
interaction including text, slider, Gantt chart and bar chart controls. An
additional preferred feature of the present invention is the power of a
graphi cal user interface (GU) specification in the report specification
where commands on controls equate to GJ event handlers, controls in

| ayouts equate to GUI w dgets, layouts in reports equate to GU w ndow
segnents, nenuswoakoddsal ogue boxes, and a report ‘equates to a Gdr/vssedwos
7 BRIEF DEFIN TION OF THE DRAW NG A nore conpl e§e understanding of the

present invention and advantages thereof may be a de to
the follow ng definition taken in 5 conj uncti n MAt cgﬁgenying
drawi ngs in which Iike reference nunbers indicate ke ﬂﬁ - s..and

wherein: FIGURE 1 is a block diagramof a repor eneratlon system
constructed accordi ng to & Haxtherhteghnic P@g—éﬁﬁ isvEhej apility of

layouts to utilize different controls for display of and
interaction with the cells in the worksheet of a report.
Examples of the different controls provided include

5 different classes of controls for display and interaction
including text, slider, Gantt chart and bar chart
controls.

An additional technical advantage of the present

invention is the power of a graphical user interface

10 (GUI) specification in the report specification where
conmmands on controls equate to GUI event handlers,
controls in layouts equate to GUI widgets, layouts in
reports equate to GUI window segments, menus and dialogue
boxes, and a report equates to a GUI window. '
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10 FIGURE 2 illustrates a table showi ng expressions utilizing a
list and the nunber of cells resulting fromeval uation of the expressions;
FI GURES 3A, 3B, 3C, and 3D illustrate tables showi ng exanples of lists and
eval uati ons of expressions that are 15 functions of lists; FIGJRE 4A
illustrates a dependency diagram and FlI GURES 4B, 4C, 4D, 4E, 4F, and 4G
illustrate tables show ng exanpl es of axis-cross |ayouts of cells resulting

from eval uat i onW&X9780487 essi ons. DETAI TLED DEFI' NI TI ON OF THE RGUWS9/PSA
Report Generation System FIGURE 1 is a bl ock di agram of a report. generation
system indicated generally at 10, constructed according 5 to the

teachi ngs of the present invention. Report generation system 10 includes a
conpiler 12. Conpiler 12 receives a report definition 14 and nodel

Interface ' BRIEF DEFINITION OF THE DRAWINGS
A more complete understanding of the present
invention and advantages thereof may be acquired by
reference to the following definition taken in
5 conjunction with the accompanying drawings in which like
reference numbers indicate like features and wherein:
FIGURE 1 is a block diagram of a report generation
system, constructed according to the teachings of the |
present invention;

10 FIGURE 2 illustrates a table showing expressions
utilizing a list and the number of cells resulting from
evaluation of the expressions;

FIGURES 3A, 3B, 3C, and 3D illustrate tables showing
examples of lists and evaluations of expressions that are

15 functions of lists;

FIGURE 4A illustrates a dependency diagram; and

FIGURES 4B, 4C, 4D, 4E, 4F, and 4G illustrate tables
showing examples of axis-cross layouts of cells resulting
from evaluation of expressions.



functi ons 16.

Report definition 14 refers by nane to at | east one | ayout

definition 18. Layout definition 18 10 refers by nane to a worksheet
definition 20 and at |east one control definition 22. Wrksheet definition

20 i ncludes at

| east one cell definition 24 that includes at | east one

expression 26. There should be at | east one control definition 22
associated with any cell definition 15 24 that is to be visible to the
user. One conW@P7®d¥7 nition can be associated 'with zero or rRSTTAUS96/09908
definitions, and one cell definition can be ass&iated with zero or nore

control definitions.

The enbodi nent of FIGURE 1 is not intended nor shoul d

be construed to limt 20 the scope of the present invention. More than
one report definition 14 can use the same Iayout definition 18, and nore

t han one | ayout defi. i
Conpi | er 12 generaté€
14 and nodel interf 8

shggt definition 20.
report definition
BRI tenpl ate 28 includes a | ayout

templ ate 30 for each Iayosttsmlﬂlits @ bldckndiapean O€f anrepert lfendrabiion
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system, indicated generally at 10, constructed according
to the teachings of the present invention. Report

_ generation system 10 includes a compiler 12. Compiler 12

receives a report definition 14 and model interface
functions 16. Report definition 14 refers by name to at
least one layout definition 18. Layout definition 18
refers by name to a worksheet definition 20 and at least
one control definition 22. Worksheet definition 20
includes at least one cell definition 24 that includes at
least one expression 26. There should be at least one
control definition 22 associated with any cell definition
24 that is to be visible to the user. One control
definition can be associated with zero or more cell
definitions, and one cell definition can be associated

' with zero or more control definitions. The embodiment of

FIGURE 1 is not intended nor should be construed to limit
the scope of the present invention. More than one report
definition 14 can use the same layout definition 18, and
more than one layout definition 18 can use the same
worksheet definition 20.

Compiler 12 generates a report template 28 from a
report definition 14 and model interface functions 16.
Report template 28 includes a layout template 30 for each
layout definition 18 in report definition 14. ILayout
template 30 includes a worksheet template 32
corresponding to worksheet definition 20. Layout
template 30 also includes a control template 34 for each
control definition 22 in report definition 14. Worksheet
template 32 includes a cell template 36 for each cell
definition 24 in report definition 14. Cell template 36



tenpl ate 30 includes a worksheet tenplate 32 correspondi ng to worksheet
definition 20. Layout 30 tenpl ate 30 also includes a control tenplate
34 for each control definition 22 in report definition 14. Wrksheet
tenplate 32 includes a cell tenplate 36 for each cell definition 24 in
report definition 14. Cell tenplate 36 9 includes an expression 38 for
each expression 26 in cell definition 24. An eval uator 40 receives report
templ ate 28 an®OM8487i nterface functions 16. Eval uator 40 al sBCHES%48%W8 5
a user nodel 42. User nodel 42 conprises a nodel of a user environnent
such as a manufacturing environment. Evaluator 40 generates a report

I nstance 44. Report instance 44 includes a |layout instance 46 corresponding
to layout tenplate 30. Layout instance 46 includes a 10 wor ksheet

Instance 48 and Cngﬂéﬂuéégtggcgié¥gssion 38 for each expression 26 in cell

definition 24.
An evaluator 40 receives report template 28 and
" model interface functions 16. Evaluator 40 also accesses
5 a user model 42. User model 42 comprises a model of a
user environment such as a manufacturing environment.
-Evaluator 40 generates a report instance 44. Report
instance 44 includes a layout instance 46 corresponding
to layout template 30. Layout instance 46 includes a
10 worksheet instance 48 and control instance 50
corresponding to worksheet template 32 and control
template 34. Worksheet instance 48 includes at least one
cell instance 52 corresponding to an evaluation of cell
template 36. Cell instance 52 includes a value 54. A

1s renderer 56 is coupled to report instance 44. Renderer
56 generates a report 58 and manages interaction with
report 58.

In one embodiment of the present invention, report
< generation system 10 comprises a computer software system

20 executed by a general purpose digital computer. 1In this
embodiment, a data storage device 60 is operable to hold
model interface functions 16 and user model 42. A data
storage device 62 is operable to hold report definition
14, report template 28 and report instance 44. Data

25 - storage devices 60 and 62 can comprise magnetic storage
devices, memory devices or other such data storage
devices. Further, data storage devices 60 and 62 can be
separate or can comprise parts of a single device. an
execution memory 64 is operable to hold compiler 12,

30 evaluator 40 and renderer 56 such that each can be
executed by a processor in the general purpose digital
computer. Execution memory 64 is also operable to hold
executable code associated with model interface functions
16. Execution memory 64 can comprise a memory device or



correspondi ng to worksheet tenplate 32 and control tenplate 34. Wrksheet

I nstance 48 includes at | east one cell instance 52 corresponding to an
eval uation of cell tenplate 36. Cell instance 52 includes a value 54. A 15
renderer 56 is coupled to report instance 44. Renderer 56 generates a
report 58 and manages interaction with report 58. In one enbodi nent of the
present invention, report generation system 10 conprises a conputer
sof t war e syst enW@P700487 execut ed by a general purpose digital cofHS609908 n
this enbodinent, a data storage device 60 is opeiable to hol d nodel

i nterface functions 16 and user nodel 42. A data storage device 62 is
operable to hold report definition 14, report tenplate 28 and report

i nstance 44. Data 25 storage devices 60 and 62 can conprise magnetic

storage devi ces, nerrgé%epeg‘h&% Qéadé‘ggfaigc%‘;@@ st r@ﬁ&,%&%& ce 66 is

Further, data storage devices e separa rise
parts of a single deoperabke tRcEiSPLAY RERAKE BB tqpquﬂq;eractlon

conpiler 12, 30 Y %4 User &P ﬁéﬁbfewﬁaﬁﬁnstsysﬁémtma.acm PHinker is
an example of a display device 66 that can display the
5 report but can not support interaction with the report.

Report Generation Model .
In operation, compiler 12 generates report template

28 from report definition 14 utilizing model interface

10 - functions 16. Report template 28 is provided to
evaluator 40. Evaluator 40 generates report instance 44
from report template 28 utilizing model interface
functions 16 and data from user model 42. Report
instance 44 is provided to renderer 56. Renderer 56

15 generates report 58 from report instance 44 and manages
use interaction with report 58. In this report
generation mode, report generation system 10 processes
report-definition'14 to produce report 58 which displays
and allows interaction with the desired report

20 information incorporating data from user model 42.

Report generation system 10 is user-programmable,

model-independent, and interactive. Model independence
arises from the fact that report definition 14
generically defines the desired report without regard for

25 the data values contained in user model 42. Report
definition 14 includes a layout definition 18 for each
window. segment desired in report 58. Layout definition
18 includes worksheet definition 20 and a control
definition 22 for each independently defined window

30 element desired in the window segment in report 58. Each
window element for control is associated with, displays
and provides interaction with, particular cells defined
by worksheet definition 20. Worksheet definition 20



executed by a processor in the general purpose digital conputer. Execution
menory 64 is also operable to hold executable code associated wth nodel

i nterface functions 16. Execution nenory 64 can conprise a nenory device or
10 other such data storage device. A display device 66 is operable to

di splay report 48 for viewng and interaction by a user of. report

generation system 10. A printer is an exanple of a display device 66 that

can display theVP908 5t but can not support interaction witPRCVHP609908

report. Report Generation Mdel In operation, caidiler 12 generates report
tenplate 28 fromreport definition 14 utilizing nodel interface 10
functions 16. Report tenplate 28 is provided to eval uator 40. Eval uator 40
generates report instance 44 fromreport tenplate 28 utilizing nodel

interface functions 30 .30d.d2ka;000 438" cdPICiefti 88 34 having at least

one expression 26.
Compiler 12 receives a report definition 14 as an
input. Compiler 12 generates a corresponding report
5 template 28 suitable for use by evaluator 40.
compilation of some of the functions used in expressions
26 are as dictated by model interface functions 16. The
resulting expressions 38 refer to the corresponding
executable function in the model interface functions 16

10 for use by evaluator 40.

Evaluator 40 receives report template 28 as an
input. Evaluator 40 accesses model interface functions
16 to obtain function implementations in order to
evaluate each expression 38 in report template 28.

15 Evaluator 40 accesses data in user model 42 according to
the function implementation when evaluating each
expression 38. Evaluator 40 generates report instance 44
ih which each cell template 36 has been evaluated to one
or more cell instance 52 each having a value 54. Value

20 54 is the result of evaluating expression 38 with data

" from user model 42. Evaluator 40 also converts each
control template 34 to a control instance 50 apprdpriate
for use by renderer 56 to display interactive controls
reflecting cell values 54.

25 Renderer 56 receives report instance 44 as an input.
Renderer 56 processes each control instance 50 and
worksheet instance 48 associated with each layout
instance 46 to generate and display report 58. Renderer
56 may also manage interaction with the generated report

30 58 in the case of electronically rendered reports.
Report 58 displays data from user model 16 according to
the desired report analysis defined by report instance
44.



I nstance 44 is provided to renderer 56. Renderer 56 15 generates report
58 fromreport instance 44 and nmanages use interaction with report 58. In
this report generation node, report generation system 10 processes report
definition 14 to produce report 58 which displays and allows interaction
mﬁéhlthe desired report 20 I nformation incorporating .data from user
nodel 42. Report generation system 10 is user-programmbl e,
nDdeI-independé%?g”gﬁﬁ7interactive. Mbdel i ndepé gence ari ses TEUHPIPOB ¢
that report definition 14 generically defines t B8 desired report w thout
regard for 25 the data val ues contained in user nodel 42. Report
definition 14 includes a |ayout definition 18 for each w ndow-segment
desired in report 58. Layout definition 18 includes worksheet definition 20
and a control defi nijawdrabtivel Modeh | ndependent |y defined wi ndow 30

E o P, PR Sl fon] ST o ke AL EFE Ve
particul ar cells deffespedly toekyusex afiernreporto88 igryemecatediandton
20 displayed. In this interactive mode, a user can interact
5 with report 58 to modify user model 42 and to modify
report instance 44. In one embodiment of the present
" invention, report 58 is displayed through a graphical
user interface (GUI) and interaction is driven by actions
a user takes on controls in the GUI display.
10 In interactive mode, report 58 provides information
to renderer 56 describing actions taken by a user.
Renderer 56 makes corresponding changes in report
instance 44 such as changing value 54 for cell instance

52. Evaluator 40 receives the changes to report instance

15 44, accesses report template 28 if necessary, and makes
appropriate changes to data values in user model 42.
Evaluator 40 also re-evaluates report template 28,
regenerating report instance 44, if any values of other
cells should change due to a change of data values in

20 user model 42. .

Modification of user mcdel 42 and report instance 44
is accomplished through the use of "get" and "set"
expressions for expression 38 in cell template 36. The
get expression informs evaluator 40 what data to obtain

25 as a value from user model 42 when evaluating an
expression 38. The set expression informs evaluator 40
as to an appropriate response to a change in value 54
interactively caused by a user modifying report 58. When
value 54 for cell instance 52 is changed, evaluator 40

30 determines whether to modify data values within user
model 42. As an example, a first cell may.give a value
for a queue time associated with a particular
manufacturing resource. The get expression associated
with the first cell could inform evaluator 40 what data



11 defines at |least one cell definition 24 having at | east one expression
26. Conmpiler 12 receives a report definition 14 as an input. Conpiler 12
generates a correspondi ng report 5 tenpl ate 28 suitable for use by
eval uator 40. Conpil ation of some of the functions used in expressions 26
are as dictated by nodel interface functions 16. The resulting expressions
38 refer to the corresgonding executabl e function in the nodel interface

functions 16 10YO97/048

use by eval uator 40. Evaluator 40 recePtdUSo60%08

tenplate 28 as an input. Evaluator 40 accesses fddel interface functions 16
to obtain function inplenentations in order to evaluate each expression 38
in report tenplate 28. 15 Eval uat or 40 accesses data in user nodel 42
according to the function inplenentati on when eval uati ng each

10

15

20

25

30

to obtain for the gueue time from user model 42. The set
expression associated with the first cell could inform
evaluator 40 that a change in the value of the first cell
should result in changing the data in user model 42 to
match the queue time value entered by the user. A second
cell could display a sum of the queue time and a wait
time associated with the same resource. A get expression
associated with this second cell could inform evaluator
40 what data to get from user model 42 for the queue time
and the wait time and to sum the two values. The set
expression associated with the second cell could inform
evaluator 40 that a change in the value of the second
cell should result only in a change of the wait time in
user model 42. Thus, if the queue time were 10, and the
wait time were 5, and a user changed the value of the
second cell from 15 to 20, evaluator 40 would change the
data in user model 42 for the wait time from 5 to 10.

Report generation system 10 is programmable in that
report definition 14 is created and supplied by a user
such as through a graphical or textual report tool.
Report definition 14 refers to one or more layout
definitions 18. Each layout definition 18 refers to a
worksheet definition 20 and consists of a number of
control definitions 22. Multiple report definitions 14
can share layout definitions 18. Layout definition 18
can share worksheet definitions 20. Each worksheet
definition 20 consists of one or more cell definitions 24
which contain expression 26. Each control definition 22
is associated with zero or more cell definitions 24 of
worksheet definition 20. '

Report definition 14 is compiled by compiler 12 into
report template 28. Report template 28 has similar form
and structure to report definition 14. Compiler 12
utilizes model interface functions 16 designed for



expression 38. Evaluator 40 generates report instance 44 in which each cel
tenpl ate 36 has been evaluated to one or nore cell instance 52 each having
a value 54. Value 20 54 is the result of evaluating expression 38 with
data fromuser nodel 42. Evaluator 40 also converts each control tenplate
34 to a control instance 50 appropriate for use by renderer 56 to display
I nteractive controls reflecting cell values 54. 25 Render er

recei ves reportWOHFOMFe 44 as an input. Renderer 56 processes eadH %@ﬁﬁPo|
i nstance 50 and worksheet instance 48 associ atedl4i th each | ayout instance
46 to generate and display report 58. Renderer 56 may al so manage
interaction with the generated report 30 58 in the case of

el ectronically rendered reports. Report 58 displays data from user nodel 16

according to the desLiad LERA" hedPAhIELT 4278 Fefind SRt IH [ACEs Yaced

in expressions 38. Report template 28 is evaluated using
implementations from model interface functions 16 and
data from user model 42 by evaluator 40. Evaluator 40

5 evaluates report template 28 to generate report
instance 44; Report instance 44 can drive a number of
renderings including on-screen graphical user interfaces
(GUI's) or paper reports. According to the teachings of
the present invention, report instance 44 is not static.

10 By interaction of a user with report 58, report instance
44 operates as an interactive tool giving a user the
ability to manipulate data in user model 42 and change
values in report instance 44.

15 Interaction with User Model
Report generation system 10 provides interaction

with user model 42. User model 42 comprises a data
structure for supporting desired report functionality
such as_manufacturing planning. Expressions 26 in report

20 definition 14 support functions for accessing user
visible data in user model 42. Those functions further
support both getting and setting of values in user model
42, as described above. Editing a cell in report 58 can
have two effects: the user can change what portion of

25 user model 42 the cell accesses, or the user can change
the value of a data field in user model 42 that is
accessed to generate the cell value.

According to the teachings of the present invent;on,

the function implementations that pull information out of

30 user model 42 are associated with a type such that the
type of data (quantity, number, string, pathname, etc.,
or a user model type such as an operation, resocurce,
buffer, etc.) pulled out by each function is known and
checked. For example, if a function expects to be passed



12 Interactive Mode Report generation system 10 can be interactive with
respect to a user after report 58 is generated and displayed. In this

i nteractive node, a user can interact 5 with report 58 to nodify user
nodel 42 and to nodify report instance 44. In one enbodi ment of the present
I nvention, report 58 is displayed through a graphical user interface (GUJ)

-and interactiogwbawa&? yen by actions a user takes on controls 5?1%%@&@“h8

di splay. 10 n interactive node, report 58 provides infornation to
renderer 56 describing actions taken by a user. 1Renderer 56 nakes
correspondi ng changes in report instance 44 such as changi ng val ue 54 for
cell instance 52. Evaluator 40 receives the changes to report instance 15
44, accesses report tenplate 28 if necessary, and makes appropriate changes

to data values in U-%?f quiRfisity’ 2bu%V§Hﬁ:*é¥d 4@ Paweedcacpathnhne,’ ehent the
ermfate 20, evene T T RS vhdy, oo habtoieind chbp1aS" 7
can post an error. Parameters are passed to worksheet
definitions 20 which are model independent. For example,
5 a worksheet definition 20 can be defined that will cause
the display of fields related to a resource without
specifying which resource. When calling or instantiating
that worksheet definition, the desired resource can be
passed as a parameter, Parameters of a worksheet or
10 report define what additional information must be
combined with the worksheet or report template so that it
may become a worksheet or report instance.

Classes of Worksheets
15 Worksheet instance 48 is a collection of cells that
consists of evaluated expressions. The cells are named
by row-column as with a conventional spreadsheet, but are
not restricted by that naming as in conventional
spreadsheets. Worksheets in which cells are defined can
20 be one of several different classes of worksheets.

One class of worksheets produces cells like a
traditional spreadsheet such that for each cell in
worksheet definition 20 there is one cell generated in
worksheet instance 48. Cells are generated in the same

25 . row and column position as the cells are named.

According to the teachings of the present invention,
other worksheet classes can be defined that are very
different from the spreadsheet class. For example, a
menu worksheet class may produce cells such that each

30 cell is a menu entry with a label, mqemonic, and keyboard
accelerator. Another worksheet class is a replicating
worksheet which may generate hundreds of cells in the

i instantiation of worksheet instance 48 for each cell in
worksheet definition 20. The cells are replicated



20 user nodel 42. Modification of user nodel 42 and report instance 44
I s acconplished through the use of "get" and "set" expressions for
expression 38 in cell tenplate 36. The get expression infornms eval uator 40
what data to obtain 25 as a value fromuser nodel 42 when eval uating an
expressi on 38. Ehe set expression infornms evaluator 40 as- to an appropriate
response to a c¢han val ue 54 interactively caused by a use;c?@ ' |
report 58. Wien¥ (QIﬂﬂ%&£4 for cell instance 52y|s changeé eval ua orsk%hgg
determ nes whether to nodify data val ues wi t hi nt€ser nodel 42. As an

exanple, a first cell may give a value for a queue tine associated with a
particul ar manufacturing resource. The get expression associated with the

first cell coul d i nform eval uator 40 what data 13 to obtain for the
queue time from uselyRAdind’ upbR®iAbrmation in the data set of user model
42.
Replicating Worksheet
5 " FIGURE 2 illustrates a table showing expressions

utilizing lists and the number of cells resulting in
evaluation of the list expressions. One data type that
can be returned by a worksheet expression is a "list of
elements of type V" or "type LIST <V>." A replicating
10 worksheet can be evaluated such that cne cell will be
instantiated for each element in a list computed by a
single cell expression. Cells that use a cell that
computes a list see a type matching the type of elements
that are in the list. The same number of cells generated '
15 for a list can be generated for each cell expression that
computes from the list. The table of FIGURE 2 provides
examples of expressions utilizing lists.
A cell whose expression evaluates to List <V> can be
instantiated with one cell for each V in the list. The
20 number of cells depends on the size of the list which in
turn depends upon the user model data set to which the
worksheet is applied. For example, consider a cell Al
that accesses the model field "primes" returning a list
of three numbers that are prime: 2, 3, and 5. A List <T>
25 is treated the same as List <V>. Consider a cell A2 that
‘accesses another field "vowels" returning a list of five
strings containing vowels: a, e, i, o, and u.
As shown in row three of FIGURE 2, a cell's
expression may compute a value of type 8 using the cell
30 that computes List <T>. The expression uses data of type
T, and can be reevaluated for each T in List <T>. Thus,
the expression can instantiate the same number of cells
as elements in List <T>. The relationship between
corresponding cells instantiated with T's and



expression associated with the first cell could informevaluator 40 that a
change in the value of the first cell should result in changing the data in
user nodel 42 to 5 mat ch the queue tine value entered by the user. A
second cell could display a sumof the queue tine and a wait tine
associated with the sanme resource. A get expression assoctated with this
second cell couydohpdser M eval uator 40 what data to get from useprARskdesss?2
for the queue tinme 10 and the wait tine and-gg sumthe two values. The
set expression associated with the second cell uld i nform eval uat or 40
that a change in the value of the second cell should result only in a
change of the wait tinme in user nodel 42. Thus, if the queue tinme were 10,
and the 15 wait time were 5, and a user changed the val ue of the second
cell from15 to 20, ifvetamtiiited witd G '@hdzgmatintadaed accordingotel tié for

DTt o e A 15U ",y L QHRBIET e
through a graphical @#liscamibe ceinlawed inrEber saper FAW: PENCPIUMBfers to
one or nore |ayout As shown in row four of FIGURE 2, another cell's
5 expression may compute a value of type R using both a T
and a V from List <T> and List <vV>. In this case, an R
can be computed for each combination of T and V computed
in List <T> and List <V>. If List <T> results in ten
T's, and List <V> results in seven V's, there will be 70

10 R's computed. Once again, the relationship between each
R and the T and V from which it was computed can be
maintained. For example, if the T's are in rows and the
V's are in columns, and then the R's can be placed in the
row-column intersection relative to the T and V from '

i5 which each R was computed.

In row five of FIGURE 2, a cell computes a List <Q>
from each T in List <T>. In this case, the instantiation
of the cell can include one cell for each Q in each _
List <Q> computed from each T in List <T>. If three T's

20 were computed, for example, the first one may yield four
Q's, the next one may yield two Q's, and the last one may
yield five Q's. There would be eleven Q's, and each
would be instantiated into a separate cell. The
relationship between the Q's and the T's from which each

25 Q was computed can be maintained as mentioned above.

This relationship results in a hierarchy, where each
parent T may have several children Q's.

An expression could compute a List <P> from both a T
and a V, which came from List <T> and List <V>,

30 respectively, as shown in row six of FIGURE 2. The
result can be one cell for each P in each List <P>
generated from each combination of T and V. For example,

- D1 could compute the next Al number of letters following
the letter in A2. Given Al has value 2 and A2 has value



definitions 18. Each | ayout definition 18 refers to a worksheet definition
20 and consists of a nunber of control definitions 22. Multiple report
definitions 14 25 can share | ayout definitions 18. Layout definition
18 can share worksheet definitions 20. Each worksheet definition 20

consi sts of one or nDre cell definitions 24 which contain-expression 26.

Each control 22 is associated with zero or nore cellp, éﬁﬁ ns
24 of 30 . e%she deflnltlon 20. Report defiqdtion 14 is conpi $@h%h9
conpiler 12 into report tenplate 28. Report tenplate 28 has simlar form
and structure to report definition 14. Conpiler 12 utilizes nodel interface

functions 16 designed for 14 accessing user nodel 42 to define function

calls placed in expressions 38. Report tenglate 28 is eval uated u5|n9
i npl erent at i ons fronf'RBdethermmémteﬁulaés ofier 1B1 wanld be "b" and "c" (the

2 letters following "a"). Given Al has value 5 and A2
has value "u", the list "y¢", Ny, #Wxn, Nyn uge,
Finally, in FIGURE 2, a cell could compute a list
5 <N> obtained by referencing itself. Such a cell is
recursive. For example, a cell Al could return the
List{Item] that includes all Items required to build a
particular Item. For each Item in that list, we may want
to find the List[Item] need to build that Item. By
10 continuing in that way, the full tree of Items that go
into an Item can be generated. The 'recurse' function
supports such self-referencing cells. The initial list
is passed into recurse along with an expression to be
evaluated on each licensor, for example #.children.
15
Examples of Cells Based Upon Lists
FIGURES 3A 3B, 3C and 3D illustrate examples of
cells instantiated based upon lists. In FIGURE 3a, list
Al includes three elements: 2, 3 and 5. Cell Bl computes
20 (A1+3). Evaluation of Bl is performed once for each
element in the list of Al. Thus, the result for Bl is
three cells having the values 5, 6, and 8, as shown.
FIGURE 3B illustrates cells instantiated based upon
two lists. Cell B2 computes A2 concatenated with a
.25 string representation of Al. A2 is a list of vowels: a,
e, i, o, and u, and Al is a list of prime numbers: 2, 3
and 5. B2 converts the prime number of Al to a string
and concatenates the vowel in A2. The expression of B2
is reevaluated for each combination of elements from Al
30 and A2. Thus there are fifteen cells instantiated as
shown in FIGURE 3B.
FIGURE 3C illustrate a list generated from a list.
Cell C1 computes the next Al multiples of Al. For this
expression, Al is a number. The expression of Cl1



data fromuser nodel 42 by eval uator 40. Evaluator 40 5 eval uat es
report tenplate 28 to generate report instance 44. Report instance 44 can
drive a nunber of renderings including on-screen graphical user interfaces
(QU"' s) or paper reports. According to t he teachings of the present

i nvention, report instance 44 is not static. 10 By interaction of a
user with repokyobfigesseport instance 44 operates as an inter acPCrTAISH6NI908
giving a user the ability to nmanipul ate data i nggiser nodel 42 and change
values in report instance 44. 15 Interaction with User Mdel Report
generation system 10 provides interaction wth user nodel 42. User nodel 42
conprises a data structure for supporting desired report functionality such
as manufacturing planning. Expressions 26 in report 20 definition 14
support functions fewvaluetedi fiygomsal issrpevaluatednfoxgacghdeumker inodad.

functions further S%BQO&-Lga%hiseatimtaaé fthbbPg Pbr'édcstesci nevataatede!

42, as described above. Editing a cell.in rSBSEt 38 an hqf two_effects:

the user can changef®RBt Adort A8nSRpwn in FI 3C, ten cells are
instantiated.

5 FIGURE 2D illustrates cells based upon a second list
that itself is based upon a first list. C2 has the sanme
formula as B2, but is computed from Cl1 and A2 rather than
Bl and A2. C2 generates one cell for each combination of

. A2 and Cl1. Thus, fifty cells are instantiated for C2 as
10 shown in FIGURE 3D. The examples of FIGURES 3A through
3D are not intended and should not be construed to limit

the scope of the present invention.

Classes of Layouts
15 A layout specifies how cells instantiated from a

worksheet should be arranged for presentation to and
interaction with a user. Each worksheet can have many
layouts, and each layout can present the same information
in a different way. There can be different classes of

20 layouts. An example layout for replicating worksheets is
the axis-cross layout which allows the generated cells to
be organized hierarchically in two different axes and in
the intersection, or the "cross". This allows celis
computed from multiple other cells to be arranged

25 meaningfully, showing the relationships between the
cells. Alternatively, the same replicating worksheet
could be presented with a bar chart layout presenting the
information as bars in a histogram. The information
could be organized into side by side bars, stacked bars,

30 and nested bars.



25 user nodel 42 the cell accesses, or the user can change the val ue of
a data field in user nodel 42 that is accessed to generate the cell val ue.
According to the teachings of the present invention, the function

i mpl enentations that pull information out of 30 user nodel 42 are
associated with a type such that the type of data (quantit.y, nunber,

string, pathna a user nodel type such as an operati
resource, buffgﬁw etc. 3 puIIed out by each funcbbon i s known a.éﬁhﬁﬁﬂ%@ﬂ?

For exanple, if a function expects to be passed 15 a quantity, but

I nstead is passed a pathnane, then the call to that function will not
conpile and conpiler 12 can post an error. Paraneters are passed to

wor ksheet definitions 20 which are nodel independent. For exanple, 5 a
wor ksheet definition 20 can be defined that will cause the display of

fields related t0 a ALPoLiecs M LAvmit

An axis-cross layout organizes cells of a
replicating worksheet into three sections: the X axis,

5 the ¥ axis and the cross (the intersection of the two
axes). In one embodiment of the present invention, each
cell may appear in zero or one of the sections.

FIGURE 4A illustrates a dependency diégram and
FIGURES 4A, 4B, 4C, 4D, 4E, 4F and 4G illustrate examples

10 of axis-cross layouts. A cell in the X or Y axis cannot
appear in a different axis than any cell from which it
computes. Therefore, a cell that is computed from cells
in both axes can only appear in the cross. In an axis,
each cell nests within other cells it is dependent upon

15 and nests within any cells to the left of it. In the
cross, the cells nest within any of the cells in the
axis, but do not nest within other cells in the cross.
The elements of FIGURES 4A through 4G are based upon the
cells and expressions used as examples in FIGURES 3A

- 20 through 3D as described above.

FIGURE 4A iliustrates a dependency diagram. Al and
A2 are independent (not dependent on other cells). Bi
and Cl1 depend upon Al. B2 depends upon both Al and A2.
C2 is dependent on A2 and C1, and is thus indirectly

25 dependent upon Al.

FIGURE 4B illustrates a layout where the Y axis
includes Al, Bl and Cl. Elements in the Y axis are
displayed in columns, where as elements in the X axis
(empty in this example) would be displayed in rows.

30 FIGURE 4C illustrates an axis-cross layout where the
Y axis includes Al, Bl, and Cl. The X axis includes A2
and the cross, where the cross is defined as B2. Thus,
the elements of Al, Bl, and Cl1 are arranged in columns,
and the elements of A2 are arranged in a row. The cells

35 of B2 are located in the cross, as shown.



speci fying which resource. Wien calling or instantiating that worksheet
definition, the desired resource can be passed as a paraneter. Paraneters

of a worksheet or 10 report define what additional information nust be
conbined with the worksheet or report tenplate so that it nay becone a
wor ksheet or report instance. C asses of Wrksheets 15 - Wor ksheet

I nstance 48 i swoemosgecti on of cells that consists of eval uat epeTnuses/09908
expressions. The cells are named by row col um qﬁ wi th a conventi onal
spreadsheet, but are not restricted by that naf g as in conventiona

spreadsheets. Wrksheets in which cells are defined can 20 be one of
several different classes of worksheets. One class of worksheets produces
cells like a traditional spreadsheet such that for each cell in worksheet

definition 20 there i s GPEGURE I4Dgemamﬁmﬁes \eoY lestiseriosst aayeut8wh@add she
are generated in the SAE fiiuded 8 ,2H1 CUMEROSD etk hDEsCEY
eac |ngs 0

named: According to t ‘t he ‘present 'i nvention, other mnrk eet
classes can be def MR he,FaRs,y where the cross is defined as C2.
Similar to FIGURE 4C, the cells of Al, Bl, and Cl are

5 located in columns, and the cells of A2 are located in a
row. The cells of C2 are located in the cross, as shown.

FIGURE 4E illustrates an axis-cross layout where the
cross is defined to include two lists. In FIGURE 4E, the
Y axis is defined to include Cl. The X axis includes a2

10 and the cross, where the cross is defined as B2 and C2.
In this layout, for the X axis, the cross nests within
A2. Thus, the cells of the cross are grouped under the
cells of A2. As shown, the cells of Cl1 are arranged in a
column, and the cells of A2 are arranged in a row. The

15 cells of the cross are arranged according to the B2 and
C2 corresponding to each element of A2.

FIGURE 4F is similar to FIGURE 4E except the nesting
of the X axis is switched. 1In FIGURE 4F, the X axis is
defined as the cross and A2, where the cross includes B2

20 and C2. The Y axis is again defined as Cl. In FIGURE
4F, A2 nests within the cross. Thus, the cells of the
cross are separated according to B2 and C2, as shown.

FIGURE 4G illustrates an example of grouping. In
FIGURE 4G, the layout is defined such that Bl and Cl are

25 grouped under Al. For each value under Al, all of the
titles in the group will nest. In this case, the titles
Bl and Cl1 nest in rows for each value of Al. In a second
column, the values of the group nest with and under the
corresponding group title. So, the Cl values are put on

30 the rows with the Cl1 title. Dependent groups can also be
defined which nest like groups, but do not display a
column of titles. Rather, the values display dependent
upen which independent group member is displayed on the



different fromthe spreadsheet class. For exanple, a nmenu worksheet cl ass
may produce cells such that each 30 cell is a nmenu entry with a | abel,

mmenoni c,

and keyboard accel erator. Another worksheet class is a

replicati ng worksheet which may generate hundreds of cells in the
instanti ati on of worksheet instance 48 for each cell in worksheet

definition 20.

Weonehs7s are replicated dependi ng upon i nf orret/USYE/89908

the data set of user nodel 42. Replicating Wrksiret 5 FI GURE 2
illustrates a table showi ng expressions utilizing lists and the nunber of
cells resulting in evaluation of the 1ist expressions. One data type that
can be returned by a worksheet expression is a "list of elenents of type V'

or
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25

30

" LIST Cv>." A repljcat] 0 heet b ted
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then no row needs to be generated for the value or the
title.

Classes of Chart Layouts

There can be a number of different layouts such as

" bar charts (histograms with side-by-side, stacked and

overlapping bars), pie charts, line charts and Gantt
charts. Each layout allows the arrangement and disﬁlay
of the same cell information but in different graphical
formats and with different interactive behavior.

A bar chart layout may allow a user to specify a
series of cells. The first cell on an axis is the
deepest, the second is in front of the first, and so on.
A group of cells of that axis indicates that those cells
are at the same depth, positioned side-by-side. The
first cell in the group is the left most, the next is to

- the right of that and so on. A group within a group on

an axis can indicate that those cells have the same depth
and same left to right position, positioned side-by-side
and stacked. The first cell in the group within the
group can be on the bottom, the next is on the top of
that, and so on. .

This is ocne possible set of rules for a bar chart
layout. Some embodiments provide more flexibility but
are not as simple. Others can be more simple but not as
functional. It is advantageous to provide several
different bar chart layouts that provide different
features and complexity.

For example, an axis-~bar chart layout could be setup
like one axis of the axis-cross layout, allowing
arbitrary nesting in the axis labels, and inclusion of.
arbitrary information, just as if it was an axis of axis-
cross. Effectively, the last one or few cells in the



single cell

expression. Cells that use a cell that conputes a list see a

type matching the type of elenents that are in the list. The sanme nunber of

cells generated 15

for a list can be generated for each cell expression

that conputes fromthe list. The table of FIGURE 2 provides exanpl es of
expressions utilizing lists. A cell whose expression evaluates to List <V>
can be instantwetoz®o4s7t h one cell for each Vin the list. The PCI/US96/oer
of cells depends on the size of the list which g8 turn depends upon the

user nodel data set to which the worksheet is applied. For exanple,
consider a cell Al that accesses the nodel field "prinmes" returning a |ist
of three nunbers that are prine: 2, 3, and 5. A List <T> 25 Is treated

the sane as List <V>  Consider a cell A2 that accesses another field
"vowel s" returning aestingowonldebst sprgifisd: fPnnag bBRebar gonkrol, o
As shown in ¢awliking @h thekRbeZngadiepllagedxpsebarsn nay Corrput e a

and u.

<T>.
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Thus,

axis of axis-cross is given. All cells that are not
given one of several line controls are displayed just
like axis-cross. The cells that are specified to have
line control are replaced in the axis cross with just a
legend indicator (the shape of the points used for that
line) and the data is drawn as a line. .

Another class of layout is a Gantt chart. A cell is
specified to delineate the rows. Then a dependent cell
that computes a list is defined that generates the blocks
and their labels for the Gantt chart. Then two cells
that are dependent upon the second cell define the start
and end positions of each block. The result is a generic
specification of a Gantt chart. A Gantt chart could be
specified in other ways, and given various features,
duality, flexibility, and ease of use.

A further layout class is a menu layout. The menu
layout provides a series of cells containing "buttons" or
menu items. The layout can result in a platform and
window System conforming menu that includes loock and
feel, mnemonic handling, and accelerator handling as
appropriate for the platform. In fact, where the native
window system provides menu mechanisms, the menu layout
and controls can be compiled directly into menus of the
native window system, giving efficiency and consistency

controls
Controls are individual display elements of a

layout. For example, a pie slice in a pie chart layout
can be a separate control. Each bar in a Gantt chart
layout can be a separate control, and each cell of a
tabular layout could contain a different control. A



t he expression can instantiate the same nunber of cells as elenments in List
<T>. The relationship between corresponding cells instantiated with T's and
17 instantiated with S's is nmaintained according to the teachings of the

present invention.

For exanple, the cells can be displayed in the sane row

or colum. As shown in row four of FIGURE 2, another cell's 5
expressi on nay wogimwoss7a val ue of type R using both a T and a \PdIvussshesms

<T> and List CV>.

In this case, an R can be conpyjed for each conbination

of T and V conputed in List <T> and List <V>. |If List <T> results in ten

T s, and List CV> results in seven V's, there will be 70 10 R s
conputed. Once again, the relatlonshlp between each R and the T and V from
which it was conputed can be maintai ned. For ex

if the T's are in
rows and the V' s areSihdes| gamnsrok eewtd be Hélwgsjdidh Y eadladdy the all were
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numeric. The slider provides a graphic handle that
slides in a groove indexed with the range of possible
values for the cell. A user can change the value of the
cell by sliding the handle using interaction with a mouse
or other input device. A logical valued cell may have a
check box control that is checked if true and empty if
false. Changing the value is accomplished by clicking
the mouse on the box.

Bach class of layout determines the type of controls
that are meaningful. Some layouts may not need different
controls to be selected. However, the more controls
accepted by a layout, the more flexible that layout
because the more options that are available.

For example, consider the line chart layout. There
are several different line controls that give different
charts. The line control takes an 'x' and a 'y', draws a
point at that position, and connects a straight line from
the previous position to this new point's position. The
line-step control also takes an 'x' and a 'y' and draws a
point at that position, but it connects with the previous
point by drawing horizontally from the previous point to
the 'x' of the new point and 'y' of the previous point,
and then drawing vertically to the new point. The line-
rate control takes a third value in addition to 'x' and
'y': a 'rate'. It draws the point at 'x' and 'y' like
the other, but draws a line from the previous point with
a slope of 'rate! until it reaches the 'x' of the new
point, at which point it draws vertically.

As another example, a pie slice control would
generally be useful only in a pie chart layout, and pie
chart layouts may only allow pie slice controls. Sonme
pie slice controls may allow edges to be dragged in order
to change the value displayed. Other pie slice controls



rowcolum intersection relative to the T and V from 15 whi ch each R was
conputed. In rowfive of FIGURE 2, a cell conputes a List <@ fromeach T
in List <T>. In this case, the instantiation of the cell can include one
cell for each Qin each List <@ conputed fromeach T in List <T> If
three TV s 20 were conputed, for exanple, the first one may yield four
Q s, the next OMOWBAA8Yield two Q s, and the | ast one may yi el @CTIUS26/G3968
There woul d be el even Qs, and each would be in88antiated into a separate
cell. The relationship between the Qs and the T's fromwhich each 25 . Q
was conputed can be maintained as nmentioned above. This relationship
results in a hierarchy, where each parent T may have several children Q s.

An expression could H%maah'sgli Erogbbghglngs qof'éhegQ; h&ﬁaggder

fromList <T> and L|s res ectlve as shown inr

FIGURE 2. The resulte Highidobike the |slfi<9e-ea9 PT| GOREYPLS | By <Eispba¥: bexy
fromeach conbinati oih &hhel s2i¢eY. BimiTaIR,ccalbt Cohhrlee onRyt énipeanssiy A

nunber of letters f(aaﬁ%ﬁ %%r controls. 1In contrast, a text control may be
) 5 usable in many layouts. 8Some text controls may allow any
text to be inserted. Other text controls may restrict
what text can be input or may invoke valid;tion rules.
In addition to the behaviors provided by a control,
additional commands can be attached to a control to be
10 invoked for particular events. For example, a command

"bring up help menu" could be associated with event
"right button" for a particular control in a given
layout.

15 Overview

The report generation system of the present
invention can comprise a software system executable on a
general purpose digital computer. In general, the report
generation system operates in two modes. The first mode

20 is that of generating a report. In this generation mode,
the report generation system processes a report

"definition by compiling it to a report template and

evaluating the report template to a report instance. The
report instance is then rendered to display the report to

25 a user. At this point, the report generating system can
enter into the second mode.

This second mode is an interactive mode. A user is
enabled to interact with the report display in a number
of ways. The report is analogous to a traditional GUI

30 environment. The analogies are as follows: GUI event
handlers are commands and bindings on controls; GUI
widgets are controls in layouts; GUI windows segments are
layouts; GUI menus are layouts; GUI dialogues are
layouts; and GUI windows are reports.

35



the letter in A2. Gven Al has value 2 and A2 has val ue 18 "a", the
generated list for DD would be "b" and "c" (the 2 letters followng "a").

G ven Al has value 5 and A2 has value "u", the list "v", "w', "x", "y",
"z". Finally, in FIGURE 2, a cell could conpute a list 5 <N> obt ai ned
by referencing itself. Such a cell is recursive. For exanple, a cell Al
could return the List[lten] that includes all Itens required to _build a
particul ar ItemWe8MM8Lh |temin that list, we fmy want to fi nHCTAE6/09908
List[Iteni need to build that ITtem By 10 c@ftinuing in that way, the
full tree of Itens that go into an Item can be generated. The 'recurse
function supports such self-referencing cells. The initial list is passed

into recurse along with an expression to be evaluated on each licensor, for
exanpl e #.children. 15 A report is a window displaying information to a

user. A user performing an action in a report

constitutes an event on a control. The controls in the

layouts, once activated, are serviced. A user is enabled
5 to perform various functions including editing the wvalues

in the report and editing associated values in the user

model. The user interacts with the report based upon the

graphical user interface.

One technical .advantage of the present invention is

10 allowing interactive access to a model of a user's
environment through report functions where the functions
are parameterized and are independent of the model. The
cells provided in a worksheet of a report that have "set"
expressions in addition to "get" expressions such that

15 editing the cell can result in changes to data in the
user's model as opposed to changes simply in the cell.

In addition, report information types are used that are
identical to information types in the user's model,
supporting and allowing type sensitive expressions,

20 functions, menus and help features. )

Another technical advantage of the present invention
is the provision of different classes of worksheets
within reports such as a spreadsheet worksheet and
replicating worksheets.

25 . A further technical advantage of the present
invention is the provision of different classes of
layouts associated with each class of worksheets in
reports such as tabular, -bar chart, Gantt chart, pie
chart and menu layouts. Further, the present invention

30 allows different tabular layouts, and in particular
provides the flexible axis-cross layout for replicating
worksheets in reports.

A further technical advantage of the present
invention is the capability of layouts to utilize



Exanples Cells Based Upon Lists FIGURES 3A 3B, 3C and 3D illustrate
exanpl es of cells instantiated based upon lists. In FIGURE 3A Ilist Al

i ncludes three elenents: 2, 3 and 5. Cell Bl conputes 20 (AL1+3).

Eval uation of Bl is perforned once for each elenent in the list of Al.
TEus tgfcifsult for BL is three cells having the values.5, 6, and 8, as
shown. RE 3B illustrates cells instantiated based upon tmn I
B2 conputes A2 QR hated with a 25 strin represgntatlond<'Jri?ds;&‘f’wg;6ﬂ
is alist of vowels: a, e, i, o, and u, and Al #§ a
2, 3 and 5. B2 converts the prine nunber of Al to a
the vowel in A2. The expression of B2 is reeval uate

for B&éhAcgmbination

of elements fromAl 30 and A2. Thus there are fitteen telts-
instantiated as ShOW&thrEh@UEEn%ﬁolﬁl@UBEdigblh ugtraha dntefhct26RT WitH
froma list. Cell Cl conp e ﬁ% * eg of FOE gm g
expression, Al |s_atﬁﬁnﬁ§ %%ﬁr§?§ hegEs report. xamples of the

different controls provided include different classes of
controls for display and interaction including text,
5 slider, Gantt chart and bar chart controls.

An additional technical advantage of the present
invention is the power of a graphical user interface
(GUI) specification in the report specification where
commands and bindings on controls equate to GUI event

10 handlers, controls in layouts equate to GUI widgets,
layouts in reports equate to GUI window segments, menus
and dialogue boxes, and a report eguates to-a GUI window.

The report generation system of the present
invention provides a powerful reporting system allowing a

15 user to create reports, analyze data, and engage in
hypothetical evaluations of a user model.

Although the present invention has been described in
detail, it should be understood that various changes,
substitutions and alterations can be made hereto without

20 departing from the spirit and scope of the invention as
defined by the appended clainms.
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19 evaluated fromAl is r

nunber in Al. The result is a
list of nunbers f or each Al. As shown in FIGURE 3C, ten
cells are instantiated. 5 (ﬂ"ﬂ mﬂ!ﬂﬁﬁ{m illustrates cells based upon a
second list that itself is bas t list. C2 has the sanme formul a

as B2, but is conputed fromCl and A2 rather than Bl and A2. C2 generates
one cell for eagh conbination of A2 and C1. Thus, fifty cells are °

i nstanti ated fol"oc34®710 shown in Fl GURE 3[;!'8 The exanpl e FIUSH/B9RE S
3A through 3D are not intended and should not be construed to I|n1t the

scope of the present invention. C asses of Layouts 1
specifies how cells instantiated froma worksheet sh égigéﬁ
presentation to and interaction with a user. Each wo kshe ERave

| ayouts, and each | aWHAY E8nCRASMER(IEhe same information

1. A computer software system comprlsxng.
a compiler operable to receive a worksheet
definition and to access a plurality of model interface
5 functions, the worksheet definition being named and
parameterized and comprising a plurality of cell
definitions each defining a model-independent expression,
and the compiler further operable teo generhte a worksheet
template comprising a plurality of cell templates each
10 defining a model-dependent expression; and
an evaluator operable to receive the worksheet
template and a parameter expréssion, the evaluator
further operable to access the plurality of model
interface functions and a user model, operable to
15 evaluate the parameter expression and the model-~dependent
expressions in the worksheet template, and operable to
generate a worksheet instance containing a plurality of
cell instances defining model~-specific values.

20 2. The computer software system of Claim 1,
wherein: '
the compiler is further operable to receive a set-
expression for each cell definition of the worksheet
definition and to record the set-expression in the
25 worksheet template; and
the evaluator is further operable to receive edits
to the values of the worksheet instance and change the
user model as specified by the set-expression recorded by
the compiler in the worksheet template.
30

) \
This Sheet Has g

TS



in a different way. There _can be different classes of 20 | ayouts. An
exanpl e | ayout for replicating worksheets is the axis-cross |ayout which

axes and i n Che | nt er sect ?lﬂﬂlﬁﬂllﬂlﬂﬂﬂlllﬂﬂlr' “This &l lows col IS computed

frommultiple other cells td b& atrahged 25 nmeani ngf ul Iy, showi ng the
rel ationshi ps bgbwemeusyhe cells.” Alternatively, the sane repli

wor ksheet coul d be presented with a bar chart |ayout presenting tﬂ%&mmms
information as bars in a histogram The infornmalT oR

side by side bars, stacked bars, 30 and nested

Layout An axi s-cross |ayout organi zes cells of a rgpli caREPIGAGED kshedt

three sections: the X axis, 5 the Y axis and tH
i ntersection of the two 3. The computer software system of Claim 1,

wherein the compiler and the evaluator are operable to
process one of a plurality of worksheet types including a
replicating worksheet for which a cell that evaluates to
s a list of values is evaluated into replicated cells in
the worksheet instance, and a cell that evaluates from
such list-valued cells also evaluates into replicated
cells, one for each replicated cell from which it is
evaluated. ' '
10
4. The computer software system of Claim 3,
wherein a model-independent and a model-dependent
expression comprise a recurse expression that allows a
cell to generate a list from itself, resulting in nested
15 replications generated from each replication of the same
cell, continuing until the nested replications result in
lists of zero values.

5. The computer software system of Claim 4,
20 wherein:
the compiler is further operable to receive an
additional set-expression for each cell definition of the
worksheet definition; and
the evaluator is further operable to receive edits
25 to the values of the worksheet instance and to change the
user model as specified by a set-expression recorded by
the compiler in the worksheet template.
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axes). In one enbodi nent o Invention, each cell may appear in
zero or one of the sections. FI trates a dependency di agram and
FI GURES 4A, 4B, 4C, 4D, A4E, \“ ““‘“ ate exanples 10 of

axi s-cross layouts. A cel Or & axis cannot appear in a different
axi s than any cell fron1mh|ch It conputes Therefore, a cell that is
conmput ed from GRblo$ndesr POt h axes can only appear. in the cross. pbfnygssasdss.
each cell nests within other cells it is depeng%nt upon 15 and nests
within any cells to the left of it. |In the crossithe—ecells nest within
any of the cells in the axis, but do not nest withifgj® g-}ﬂ e t he
cross. The el enents of FIGURES 4A through 4G are pased ;ﬁ@ ne cel]s and
expressions used as exanples in FI GURES 3A 20 TR ri bed
above. FI GURE 4A il ustrét es Thelcpompriey spifhyane S&BtaMdQN2C&ﬂ@m 1,

i ndependent (not depgpgot Eéh(gfbéin%%ééndé%ra%ge%ﬂi@%drm&v@ £nB?2

depends upon both endent o t hus
ingirectI5 25 dlﬂgﬂﬁEﬁ%nﬁﬁﬁﬂcﬁdan to visually d splay con %rois to a

user, and wherein:

5 the compiler is further operable to receive a layout
definition, the layout definition being named and
parameterized and comprising a plurality of contreol
definitions that specify display of cell values,
specifying the worksheet definition by name and passing

10 specific parameter expressions to the worksheet
definition, and the compiler further operable to generate
a layout template;
the evaluator is further operable to receive the
layout template and to generate a layout instance

15 specifying a precise relative layout of control
instances, the control instances specifying a precise
‘display of worksheet values; ' -

the layout definition, template and instance
comprise a layout type; and

20 the controls comprise a plurality of control types
appropriate for the layout type.

7. The computer software system of Claim 6,
wherein: '

25 the compiler is further operable to receive an
additional set-expression for each cell definition of the
worksheet definition;

the evaluator is further operable to define
interaction of each control to edit cell values of the

30 worksheet instance and change the user model as specified
by the set expression recorded by the compiler in the
worksheet template; and

the renderer is further operable to support user
interaction with the displayed controls.

35 '
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FIGURE 4B illustrates a | ay i ncl udes A, Bl and Cl1.

Elements in the Y axis are dj where as elenents in the X
axis (enpty in this exanpl e)“ mﬂ l@“mgd in rows. 30 FI GURE
A4C illustrates an axi s-cross ayou Y axis includes A, Bl, and
Cl. The X axis includes A2 and the cross, where the cross is deflned as

B2. Thus, the fsy Of Al, Bl, and Cl are arranged in col unper,

el ements of A27are arranged in a row. The cel |l s3g5 of BZ are located in

the cross, as shown. 21 FIGURE 4D illustrates Uaa eyout where

the Y axis includes Al, Bl, and Cl, and the X ax gﬁilié t he

cross, where the cross is defined as C2. Sim |l ar{t o Fl CE@ t he ceIIs of

A, Bl, and Cl1 are 5 | ocated in columms, and the cells of AZ

| ocated in a row. The ceBks oThezca?Euteﬁa?@gtwﬁr9h§Y§F8§s°faSl%HBmﬁ'
wherein:

the compiler and the evaluator are operable to
process one of a plurality of worksheet types including a
5 replicating worksheet for which a cell that evaluates to
a list of values is evaluated into replicated cells in
the worksheet instance, and a cell that evaluates from
such list-valued cells also evaluates into.replicated
cells, one for each replicated cell from which it is
10 evaluated;
the compiler is further operable to receive an axis-
cross type of layout definition and generate an axis-
cross layout template;
the evaluator is further operable to layout controls
15 nested along each axis relative according to how cells
were evaluated in the worksheet template and generate a
layout instance that can display multi-dimensional data
nested into a two-dimensional table; and
the renderer is operable to display the two-
20 dimensional table.

9. The computer software system of Claim 8,

wherein:
a model-independent and a model-dependent expression
25 comprise a recurse expression that allows a cell to

generate a list from itself, resulting in nested
replications generated from each replication of the same
cell, continuing until the nested replications result in
lists of zero values;
30 a depth of nested evaluations of each cell are
available to layout controls; angd
an indented-text type of control is available which
is operable to indent displayed text according to the
depth of the nested evaluation that produced the value in
35 the control. :
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FI GURE 4E |IIustrates an axis-cross |ayout where the cross is defined to
i nclude two lists. NI“IW“E"IIIH:HIY axis is defined to include C1. The X
axis includes A2 10 where the cross is defined as B2 and
C2. In thiss layout, fdr fhe"X %ixi%, "the cross nests within A2. Thus, the
cells of the cross are grouped. under the cells of A2. As shown, the cells

of Cl are arrangfsengissr col um, and the cells of A2 are arrangeﬁm@sgammgv

The 15 cells of the cross are arranged accogﬂlng
corresponding to each elenent of A2. FIGURE 4F is si Imqssqgﬁm
AT REFLACEAX] ©

except the nesting of ' the X axis is switched. In FlGU
defined as the cross and A2, where the cross includes
The Y axis is again defined as Cl. In FIGURE 4F, A2 nests mnthln the
cross. Thus, the cells oﬂobheT@Pb§§"EP§e§eESf§V§EeaEE%Fﬂanft%1!Ema%d c2,
as shown. FIGURE 4Gyhereihzat es an exanpl e of grouping. In FI GURE 4G the
| ayout is defined such t r r
each val ue under A, all tll'ﬁ% E%mﬁ?. ? 18 %U?Eher c(:ﬁéﬂh?f? negfeéc%iv? 4:19
case, the titles additional set—express on for each cell deflnxtion of the
5 worksheet definition;
the evaluator is further operable to define
interaction of each control to edit cell values of the
worksheet instance and change the user model as specified
by a set expression recorded by the compiler in the
10 worksheet template; and
the renderer is further operable to support user
interaction with displayed controls.:

J
€
(D)

1l. The computer software system of Clainm 6,
15 wherein:
the compiler and the evaluator are operable to
process one of a plurality of worksheet types including a
replicating worksheet for which a cell that evaluates to
a list of values is evaluated into replicated cells in
20 the worksheet instance, and a cell that evaluates from
such list-valued cells also evaluates into replicated
cells, one for each replicated cell from which it is

evaluated;
the compiler is further operable to receive an axis-
25 bar type of layout definition and generate an axis-bar

layout template;
the evaluator is further operable to layout controls
nested along an axis relative according to how cells were
evaluated in the worksheet template and to generate a
30 layout instance that can display multi-dimensional data
nested into a row of headings and bars, the bars
positioned side-by-side, stacked, and nested according to
the nesting of worksheet evaluations; and
the renderer is operable to display the row of bars.
35
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Bl and Cl nest in rows for each value of Al. In a second colum, the
val ues of the group nest wth—and—under—the—corresponding group title. So,

the d values are put on 3 h the Cl title. Dependent
groups can al so be defined mmlkm lmmm Hlbr oups, but do not display a
columm of titles. Rather, the Valﬂes"d|8phay dependent upon which

i ndependent gr (peisuaRer 1s displayed on the 22 current rowp, Cf
a group nenber has no val ues, then no rom/needsa% or t e

value or the title. 5 Cl asses of Chart Layo
different |ayouts such as bar charts (histograns
and overl apping bars), pie charts, line charts and
| ayout allows the arrangenent and display 10 of the same Ce
informati on but in diffenent gOhepeosphter software system of Claim 11,

wherein:

the compiler is further operable to receive an
additional set-expression for each cell definition of the

5 worksheet definition; and

the evaluator is further operable to define
interaction of each control to edit the cell values of
the worksheet instance and change the user model as
specified by the set expression recorded by the compiler

10 in the worksheet template; and

the renderer is further operable to support user

interaction with the displayed controls.

e_gener at ed
.‘W‘?\ . mber of

ylai sﬂEﬂN rstacked
. L ch

-
—

[his Sheet Hag

Wi



formats and with different interactive behavior. A bar chart |ayout may
allow a user to specify a-se#%es—e#—ee##s——$he first cell on an axis is the

deepest, the second is in f and so on. 15 A group of
cells of that axis indicate t&ﬂﬂs are at the sane depth,

posi ti oned si de-by-side. The* |cs sin*the group is the left nost, the

next is to the swaéioeedy t hat and so on. A group within a grouppu&mgyﬂw&ﬁ
can indicate that those cells have the sane de ‘{ 20 . and sanme left to

right position, positioned side-by-side and stacked. t he
group within the group can be on the bottom the nex WIES Sht?ﬁﬁhgéﬁ%‘
that, and so on. This is one possible set of rules for a HREPLARED: 25
| ayout. Sone enbodi nents provide nore flexibility but are not as si npl e.
QO hers can be nore sinpl 83but Thetcopputentseftware systemndefnCigdaus,t o

provi de sever al dif&ﬁégagnbar chart Iayouts that provide different features

gggugonpleX|ty. 30 the ccmpfiér and rkzvu§iué%°£:g%2t°£a ogﬁeggyld be

process one of a plurality of worksheet types including a
5 replicating worksheet for which a cell that evaluates to
a list of values is evaluated into replicated cells in
the worksheet instance, and a cell that evaluates from
such list-valued cells also evaluates into replicated
cells, one for each replicated cell from which it is
10 evaluated;
the compiler is further operable to receive a map
type of layout definition and generate a map layout
template;
the evaluator is further operable to generate a
15 layout instance that can display map data;
the renderer is operable to display the layout
instance;
the replicated cells are taken together. by the map
layout to indicate an x-y position in a two-dimensional
20 space and are drawn as boxes; and '
cells nested within other cells specify an x-y
position that is relative to the parent such that the net
result is that a two~dimensional map of rectangles is
placed down.

25
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li ke one axis of the axis-cross layout, allowing arbitrary nesting in the
axis | abels, and inclusion of arbitrary—tnformation, just as if it was an

axis of axis- cross. Effectivel one or fewcells in the 23
nesting woul d be specifi ec“!ml\jml 2‘! gﬂ“:ont rol, resulting in them being
di spl ayed as bars. A nmulti L art can be done simlarly. One axis

of axis-cross woohhsh Al cells that are not 5 gi ven onerCIfUS6/09908
| ine controls are displayed just |ike axis-crg s. The cells that are

specified to have line control are replaced in"th X7 oSS
| egend indicator (the shape of the poPnts used fof ¥ Hi?HEE

is drawn as a line. 10 Anot her class of [ayoutR¥' A Bantt
A cell is specified to delineate the rows. Then a depéndent cel I
conputes a list is defijaed tine copmputarcsoftwableosystem of Claim 6,

wherein:
the compiler and the evaluator are operable to
process one of a plurality of worksheet types including a
5 replicating worksheet for which a cell that evaluates to
a list of values is evaluated into replicated cells in
the worksheet instance,'and a cell that evaluates from
such list-valued cells also evaluates into replicated
cells, one for each replicated cell from which it is
10 evaluated; .
the compiler is further operable to receive a Gantt
type of layout definition and generate a Gantt layout

template;
the evaluator is further operable to generate a
15 layout instance that can display Gantt chart data; and

the renderer is operable to display the layout
instance; and
the replicated cells are taken together by the Gantt
layout to indicate start and end points of bars nested
20 into rows of a Gantt chart.

15. The computer software system of Claim 14, =
wherein the edges of the Gantt bars can be dragged to
cause values to be set.

25

16. The computer software system of Claim 7,
wherein defined named commands are attached to controls
of a specific type and controls associated with a
specific cell value type, and the commands are operable

30 to be invoked by user interactions specified by event
definitions specifying a command performed when specified
interactions occur.
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and their labels for the Gantt chart. Then two cells that are dependent
upon the second cell define the start—15 and end positions of each
bl ock. The result is a ge,mlﬁum on of a Gantt chart. A Gantt
chart could be specified i mmrnm gi ven various features,
duality, flexibility, and €as€ of u8e.sAfurther |ayout ctass is a menu
Iayout. The memo@fbods7 | ayout provides a series, of cells cont BRCIMUSE/09908
"buttons” or menu itens. The layout can resultyg n a platformand mnndow
system conform ng nmenu that includes |ook and feel, menpp handii-a p
accel erator handling as appropriate for the platform rﬂmngﬁfTWMMiB ¢
native 25 wi ndow system provi des menu nechani sms, {the nREPLAGEEOUt and
controls can be conpiled directly into nmenus of the na z dow-SYSTem
gi ving efficiency and cbhsi sTh@cGomRiEeD|Soffyare systempf (GHaim 16,
I ndi vi dual displ ayywéernt s of a | ayout. For exanple, a pie slice in a pie

chart | ayout oan De . SERRLAR S 694 ypd e W T Y 'R MOl
- formed together to specify a traditional menu system; and
5 the compiler is operable to translate into a native
window system menu system including mnemonic and
accelerator key interactions consistent with the native

window system.

10 18. The computer software systeﬁ of Claim 6,
wherein:
the compiler is further operable to receive a named
parameterized report definition and to generate a report
i template, the report definition comprising of a plurality '
15 of specifications of layout definitions using layout
names and parameter expressions for layout parameters;
the evaluator further operable to receive the report
femplate and a parameter expression and to generate a
report instance comprising layout instances arranged
20 according to a type of report definition, template, and .
instance; and
the renderer further operable to display the report
instance in a window of a native window system.

25 19. The computer software system of Claim 18,

wherein;
the compiler is further operable to receive an

additional set-expression for each cell definition of -the
worksheet definition; and |

30 the evaluator is further operable to define
interaction of each control to edit the cell values of
the worksheet instance and change the user model
specified by the set expression recorded by the compiler
in the worksheet template; and

35 the renderer is further operable to support user
interaction with displayed controls. I
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tabul ar | ayout could contain a different control. A 24 slider control
could be placed in a cell - nuneri c. The slider provides a

graphi c handl e that slides j [ E ed with the range of possible
values for thecell. A user”“mnﬂllﬂmmlm mal ue of the 5 cell by
sliding the handl e using interattiton™i fh & nouse or other  input device. A
| ogi cal val ued ¥OP7904§7 have a check box control . that is_ checked®CrUse609908

and enpty if false. Changing the value is accor‘g;} i shed bﬁrﬁgg
nouse on the box. 10 Each class of |ayout deter Sﬁg§$p88§
controls that are meaningful. Some |ayouts may not need ffe trols
to be selected. However, the nore controls accepted by a |layout, the nore

flexible that |ayout because the more options that are available. 15
For exanpl e, consider th20Li nA computenysystem Waxr cproviding a user with a

computer software system, comprising:
a data storage device operable to store data
representing a user model data set and a plurality of
5 model interface functions;
. a data memory operable to store data representing a
worksheet definition, and a worksheet template;
an execution memory operable to store data
representing a computer software system;
10 a display operable to display a report to a user of
the computer system; and
a processor coupled to the data storage device, the
data memory, the execution memory and the display, the
processor executing the computer software system, wherein
1is the computer software system qomprises;

a compiler operable to receive the worksheet
definition and to access the plurality of model interface
functions, the worksheet definition being named and
parameterized and comprising a plurality of cell

20 definitions each defining a model-independent expression,
and the compiler further operable to generate the
worksheet template comprising a plurality of cell
templates each defining a model-dependent expression; and

an evaluator operable to receive the worksheet

25 template and a parameter expression and to access the
plurality of model interface functions and the user model
data set, the evaluator further operable to evaluate the
parameter expression and the model-dependent expressions
in the worksheet template and to generate a worksheet

30 instance containing a plurality of cell instances
defining model-specific values.

I

ot Has Been Replaced -

b



are several different line controls that give different charts. The |ine
control takes an 'x' and a-ly', draws a point at that position, and

connects a stralght i ne fr Eﬂi B F eV|ous it5|t|on to this nem1p0|nt S

position. The 20 li ne-s H”’ﬁl&ﬂ akes an 'x' and a 'y' and
draws a point at that positi cts with the previous point by

dravm ng hor i zonwel d7wodg7om t he previ ous p0| nt to Ahe '"x' of thePOBNSHENNN0S
and 'y' of the previous point, and then drawnnggvertlcally to the new

point. The |ine- 25. rate control takes a third value in addition to 'Xx'
and 'y': a 'rate'. It draws the point at 'x' and 'y’ Iike t he ot her, but
draws a line fromthe previous point wwth a slope of 'rate' until it
reaches the 'x' of the new point, at which point it draws vertically. 30

As anot her exanple, a plalsl|Tbeccmmpuﬁenmﬁﬂﬁ$§ﬂﬂﬁ§wﬂhﬁ}mb8°us@hﬁ?eéﬂFy in a
pie chart layout, and plehaheaﬁ iw%§mwpﬂﬂmwte gbtetveoat sets.

Che val te di Spl ayeceRERBRLRRETSE | GARtt LY, e Lritith o 8hdhotRahddes®
definition and to record the set-expression in the
5 worksheet template; and
the evaluator is further operable to receive edits
to the values of the worksheet instance and. change the
user model as specified by the set-expression recorded by
the compiler in the worksheet template.
10
22. The computer system of Claim 20, wherein the
compiler and the evaluator are operable to process one of
a plurality of worksheet types including a replicating
~ worksheet for which a cell that evaluates to a list of
15 values is evaluated into replicated cells in the .
‘worksheet instance, and a cell that evaluates from such
list-valued cells also evaluates into replicated cells,
one for each replicated cell from which it is evaluated.

20 23. The computer system of Claim 22, wherein a
model-independent and a model-dependent expression
comprise a recurse expression that allows a cell to
generate a list from itself, resulting in nested
replications generated from each replication of the same

25 cell, continuing until the nested replications result in
lists of zero values.

24. The computer system of Claim 23, wherein:
the compiler is further operable to receive an
30 additional set-expression for each cell definition of the
worksheet definition; and
the evaluator is further operable to receive edits
to the values of the worksheet instance and to change the
' user model as specified by a set-expression recorded by
35 . the compiler in the worksheet template.
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25 may allow the slice to be pulled out of the pie in order to highlight

the slice. Other controls nay“ﬂf8ﬁ+ay~LexL_Ln.the slice. Simlarly, Gntt
charts may only aIIOM/Gantt contrast, a text control nmay
be 5 usabl-e i n many Ia Wﬂi WLcontrol s may allow any text to
be inserted. O her text cont* Ok t what text can be input or may
I nvoke val i dati wOo9mokey. | n addition to the behavi ors provi ded POT/AIS96/09908
control, additional commands can be attached tqga control to be 10

i nvoked for particular events. For exanple, a command "bring up help nenu”
could be associated with event "right button" for a particular control in a
gi ven layout. 15 Overvi ew The report generation system of the present

i nvention can conprise a software system executabl e on a general purpose
digital conputer. In gerRf.al Thehcompufier system of Claim 23, further

comprising a renderer operable to receive the layout
instance and to visually display controls to a user, and
wherein:

5 the compiler is further operable to receive a layout
definition, the layout definition being named and
parameterized and comprising a plurality of .control
definitions that specify display of cell values,
specifying the worksheet definition by name and passing

10 specific parameter expressions to the worksheet
definition, and the compiler further operable to generate
a layout template;
the evaluator is further operable to receive the
layout template and to generate a layout instance
15 specifying a precise relative layout of control
instances, the control instances specifying a precise
display of worksheet values;
the layout definition, template and instance
comprise a layout type; and
20 the controls comprise a plurality of control types
appropriate for the layout type.

———
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generation systemoperates in two nodes. The first node 20 I's that of
generating a report. In this—generation node, the report generation system

processes a report definiti e F“lt to a report tenplate and
eval uating the report tenpl E‘W“mgmw nstance. The report instance is
then rendered to display the«report tvo 25 * a user. At this point, the
report generati mgpenopasTm can enter into the second node. This sSBCTUSHEHSANS
is an interactive node. A user is enabled to igfgeract with the report

di splay in a nunber of ways. The report is analogous to a traditional GU
30 environment. The analogies are as follows: GU event handlers are
commands and bi ndi ngs on controls; GJ wdgets are controls in |layouts; GU
wi ndows segnents are |layouts; GUJ nenus are |ayouts; GUJ dial ogues are

|l ayouts; and GU wi ndow®®s e & apethad of; operating a computer system

interactively to display a report to a user of the
computer system, comprising; '
providing a plurality of model interface functions;
5 providing a user model defining a data set
describing a user environment;
' providing a worksheet definition;
receiving the worksheet definition and accessing the
plurality of model interface functions, the worksheet
10 definition being named and parameterized and comprising a
plurality of cell definitions each defining a model-
independent expression;
generating a worksheet template comprising a
plurality of cell templates each defining a model-
15 dependent expression;
receiving the worksheet template and a parameter
expression and accessing the plurality of model interface
functions and the user model data set;
evaluating the parameter expression and the model-
20 dependent expressions in the worksheet template; and
generating a worksheet instance containing a
plurality of cell instances defining model-specific
values.

25
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26 Areport is a wi ndow displaying information to a user. A user performng
an action in a report constitutes an event on a control. The controls in
the | ayouts, once activated, are serviced. A user is enabled 5 to
perform various functions including editing the values in the report and
editing associated values in the user nodel. The user interacts with the
report based umemetbrasgr aphi cal user interface. .One techni cal BOVES092080f
t he present i nvention is 10 allowing interactive access to a nodel of a
user's environnent through report functions re the functions are
paraneterized and are mdepender_ﬁ 0_ he modef® The cells provided in a

wor ksheet of a report tha h Ve Xpressions in addition to "get"
expressions such that 15 efitingftphe cell can result in chdMges to data
in the user's nodel as opposqd te8 nges sinply in the cell. In addition,
report information types are lubed jtlare identical to infor Jon types
in the user's nodel, supportiln e Ilovm' ng type sensitive ezﬁessi ons,
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20 functions, nmenus and hel p features. Another technical advantage of
the present invention is the provision of different classes of worksheets
within reports such as a spreadsheet worksheet and replicating worksheets.
25 A further technical advantage of the present invention is the
provi sion of. different classes of |ayouts associated with each class of

wor ksheets i n "™W@8TB®8Buch as tabular, bar chart, Gantt.chart b PEI/ES26/09908
and nmenu | ayouts. Further, the present invention 30 al l ows different
tabul ar | ayouts, and in particular providesﬁi2§ fl exi bl e axi-s-cross | ayout
for replicating worksheets in reports. A fu r technical advantage of the

present invention is the capability of layouts to utiljze 27 different
controls for [hxpressign dvaluates iTot er acti on wi §{Number of Cells that Result:
List<v> One cell for each V in list
List<T> One cell for each T in list
S computed from T in List<T> One cell for eoch T in list
R computed from T in List<T> ond V in |One cell for each T-V combination
List<V>

List<Q> computed from T in List<T> One cell for each Q computed from each T

List<P> computed from T in List<T> One cell for each P computed from each T-V
and V in List<V> combination

List<N> computed from N of its own One cell for each N computed by the leaf calls
List, recursively

FIG. 2
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the cells in the worksheets of a report. Exanples of the different controls
provi ded include different classes of controls for display and interaction
including text, slider, Gantt chart and bar chart controls. An additional
techni cal advantage of the present invention is the power of a graphical
user interface (QUJI) specification in the report specification where
commands and biweBTeE®8bNn control s equate to GUI event handl er SPCT/O8%6/09b68 | N
| ayouts equate to GUI widgets, layouts in reports equate to GUJ w ndow
segnents, nenus and di al ogue boxes, and a repgort equates to a GU w ndow.

The report generation system of the present ention provides a powerful

reporting systemallowng a user to create reports, analyze data, and

engage in hypothetical evaluations of e{t usef nodeps o CUAI M} . 1 u

conput er inplenented interactive reporf QidemShistuau (L LOX connrisiing.
At 1 BT | C1 | B2

2 5 a2 | e2 i2 02 | u2

2
| 0 @ 3 6 ; a3 | e3 | i3 | o3 | u3
T QD e
@ BN

a5 | &5 i5 o5 | ud

FIG. 44 -
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means for storing a worksheet definition (20), the worksheet definition
bei ng naned and paraneterized and conprising a plurality of cel

definitions each defining a nodel -i ndependent expression; neans for storing
a user nodel (42) that nodels a user environnent; neans for storing a
plurality of nodel interface functions (16) associated wi'th the user nodel ;
a conpil er (12yoy@edtsl e to receive the worksheet definition PETUSICA9908s s

the plurality of nodel interface functions, t he conpiler being further
operabl e: to gener ate, based on t he wor kshee efinition and t he nodel
I nterface functions, a worksheet tenplate ( conprising a plurality of

cell tenplates (36) each defining a nDdeI dependent expression (38); and an
eval uat or (40) oper] f ate ang 1o acces$ the
plurality of nodel tHe user model . tie ©val uat br
bei ng further opera jegzd ' pnjthe

wor ksheet tenpl ate, he
user nodel, and to t eln ttmce :24 ) 0Zo
T oUEtFSpEYT T I T Vgl ges (

plurality of cell i
nodel - specific valu vEFudt ion| ot §he2 npdd Jadde

expressions wth da Z3T rporyst meuyseresm d%'_‘s- i3 i3 o3 | o3 u3 u3
6 a3 | a6 | e3 | e6 | i3 6 | 03 | o6 | uld | ub
9 03 | c9'] e3 | e9 | i3 i9 | o3 | o8 | ud | us
5 05 | 5 f eS| e | i5 5 1 05| 05 ] ud | ud
10 | o5 |al0]| 5 [e10 ] i5 | i10 | o5 | 010§ uS | ul0
15 1 o5 [a15]) €5 1e15] i5 | i15 ) o5 |ol5] ud | uld
20 | o5 [620] e5 [ €20 ] i5 | i20 | o5 | 020 | uS | u20
25 | o5 |025| &5 | e25 | i5 | i25 | 05 | 025 | u5 | u25
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REPLACEMENT SHEET 29 2. The systemof Caim1l, further conprising a
renderer (56) operable to receive a layout instance (46) and to visually

di splay controls to a user, and wherein: - the conpiler is further operable
to receive a {ayout definition (18), the |ayout definition being naned and
paraneteri zed and conprising a plurality of control definitions (22) that
speci fy di spl awosfoesy | val ues, specifying the worksheet defi RCHEHEIDBII0OHane
and passing specific paraneter expressions to the worksheet definition, the
conpil er being further operable to generate_a, layout tenplate (30); - the
eval uator is further operable to receive thﬁ/ﬁ%yout tenplate and to
generate a | ayout instance specifying a precise relative |ayout of control

i nstances, the control instances specifying a precise display of worksheet

values; - the layout definition, tenplate and instance conprise a | ayout
type; and - the controls conprise a plurality of control types appropriate
for the | ayout type. Al
. 1 2 { Bl 5
Ct 2
4
3 | Bl 6
Ct| 3
6
9
5 | Bt 8
Cl| 5
10
15
20
25

FIG. 4G



3. The systemof Claim2, wherein: - the co
operable to process one of a plurality of wor
replicati ng worksheet for which a cell that eyalu
i-s evaluated into replicated cells in the wor and a cel
that eval uates fromsuch list-valued cells al E eplicated
cells, one for each replicated cell fromwhich it is evaluated; - the

conpiler is further operable to receivwe an axi-8=crusS tyﬁ@“of'léyout
definition and generate _an axis-cross,|l ayqut l.ate; - L valugtor is
further operable tgLr ST TESR S ?eﬁggf_l é‘%ﬁalt%%gp é‘%c ROg%i gg'rggllgt ﬁﬁ%g
according to HuwnesiHps agsreeusivel (paede sisiorRd-swask $hee conyepitaoaaind
generate a | aygifeddiHaANCE SR LARHUEPhAY -NUlahly direRdseralexdata nested
into a t\/\o-dlvr%nsmn | table; and - the renderer 5f6 1.S orierable to

di spl ay the tW:%f TBIRHS + ANTER2F oFFe §§§F§m35 sEMAnlsvgiein: - a
nodel - i ndependsiiterand foagwmt efi-tihe pgvacieriuadhep IPARFINGINGC Gayfitiwag-ea I ecur Si ve
expression th |4l : el e t.e i fr idtself ing in
nested repli cgq%nls&\ﬁrﬁ}%t-éf%eﬁo e%? lf\sep élaé:}ttdl Sh orysie%e asnéirré"%?gHt,s
cont i nui ng unt4SiihEHBad el isprgasirhiasds Helsh |ists of zero val ues; -

a depth of nested exaltpnes HorfAGit idl Plarmviald aiftwadd ayout

controls; and . . C :
applications, it is advantageous that a planning software
application be directly programmable by the personnel

that need planning tools. It is problematic for a user

ator are
ing a
st} of val ues

ypes i nd

a{S?bé 1998 |

speetl 1 nstance,

to be required to turn to a local system maintainer or
programmer or the software vendor to initiate a new
analysis or to make minor adjustments. It is also
problematic if a user is unable to experiment with
different options and possibilities in order to develop
an analysis of and interface with the modeled environment

whether manufacturing, distribution, supply or other
planning environment. It also is advantageous that a

‘user be enabled to accomplish planning analysis through
direct interaction with a reporting system.

United States Patent US-A-5,189,608 discloses a financial reporting system in
which the data is stored in a predefined format and then user definable reports may

be generated from this data set.

United States Patent US-A-5,361,393 discloses a system for uploading data
from a terminal computer to a host computer whereby it is loaded into a single-row,
multi-column form within a spreadsheet.

United States Patent US-A-3,423,033 discloses a systefn for generating a
secondary report from a primary report.

European Published Patent Application EP-A-0,067,303 discloses a system for
generating reports in which a report template is produced and used to generate code

for producing a report conforming to that template.



-7 an indented-text type of control is available which igs sam t BT
i ndent di splayed text according to-the depth of the nestid&trenali-tidiif o’
produced the value in the control. 31 5. The em of C

2, wherein: the conpiler and the evaluator are operable fo P08 HES 1996 a
plurality of worksheet types including a4replicating works egt or whichj a
cell that evaluates to a list of values is evaluated intp
in the worksheet instance, and a cell that evaluates fro
cells also eval uates into reSUMMARY @F THE DRMENDIOMach®
fromwhich it is evaluated; the conpiler is further opgrable to receive an
axi s- bar type of layout definition and generate an axis-bar | ayout

tenpl ate; (A Redd/RisURlseH ifSr § YEpgoRCEentRfibA Ry femOhhttyi@vides PRégrtnmability, model

independence and interactivity.

In accordance with the present invention, an interactive report generation system and a
method of operation are provided that substantially eliminate or reduce disadvantages and
problems associated with conventional planning and spreadsheet software applications.

The invention is defined according to claims 1 (system) and 20 (method).



ﬁﬁ'é\,q_- nan

nested along an axis relative according to how celps=—were—evead ‘ﬁt”ﬁ in the
wor ksheet tenplate and to generate a | ayout instanft ACEMEN §ui‘ni y

mul ti-di mensi onal data nested into a row of headi jg§ and bars, (nh¢
positioned side-by-side, stacked, and nested accofdijn g1g)oglt_.¢ sti
wor ksheet eval uations; and the renderer Ps oper ablle |t )

bars. 32 6. The system of C aim 2, whererp—t+e—eofpill er and
the eval uator are operable to process one of a pI rallty of vvorkshe t types
i ncl udi ng Xrefessed embodigent ofs theetreseot inwintion allaye interastivegve ofal | st

f val | uat ed ksheet f d
o ol ee LS BB o 0 AR S RS R LSSl AR e =
replicat ed affindépen@e® dfthe 9R6dRL BRI elia (pPevidad in 4 WORKsNBELCHT 4 Fepoft RVAI“v@r ed;

expressions in addition to “get” expressions such that editing the cell can result in

changes to data in the user’s model as opposed to changes simply in the cell.

In preferred embodiments of the present invention, the values returned by the worksheet
and model access functions have a well-defined tyiae. The type allows type-sensitive
interaction and help. Further, the type allows overloaded functions which are functions
with the same name that take different types of arguments and can have different

behavior for each.

A preferred feature of the present invention is the provision of different classes of
worksheets within reports such as normal (one cell formula results in one value) and

replicating (one cell formula is replicated into many cell values) worksheets.

A further preferred feature of the present invention is the provision of different classes of
layouts associated with each class of worksheets in reports such as tabular, bar chart,
Gantt chart, and menu layouts. Further, the present invention allows different tabular
layouts, and in particular, provides the flexible axis-cross layout for replicating

worksheets in reports.



the conpiler is .further operable to receive a map

type of |ayout definition

and generate a map | ayout tenplate; the eval uat or pis<fot] NERaale to
‘generate a | ayout instance that can display map d@i KGEM@ ﬁ'f

operable to display the layout instance; the repli
together by the map |layout- to indicate ah x-y posi
space and are drawn as boxes; and cells nested wf{

an x-y position that is relative to the parent s_ti_gh

that a twoAdfunthaspisfaredfagiues is the-atility ofdayautsio

plis
cdted cells arejt dken

hijn ot

. laad .l
At Cric 11

S
[e ent cong'gﬁ;fpr 81 ﬁl:a,%

system of  Gral MifteraliSH %l thé B&1CRRE Wil gt 56+

B B3hipled of the BifRPf

controls provided include different classes of controls for display and interaction

including text, slider, Gantt chart and bar chart controls.

An additional preferred feature of the present invention is the power of a graphical user

interface (GUI) specification in the report specification

where commands on controls

equate to GUI event handlers, controls in layouts equate to GUI widgets, layouts in

reports efquate to GUI window segments, menus and dialogue boxes, and a report equates

to a GUI window.

ti onq bhrggcce I g nsi onal

ecify

i's

to



process one of a plurality of worksheet types |nc| Cﬁhﬂiﬂ n
wor ksheet for which a cell that evaluates to a |is§y ¢f val ues |s eVal uat ed
into replicated cells in the worksheet instance, agd a;tblll)EﬁH%ﬁSe al uat es
from such Iist-valued cells also evaluate€?into replilcated cells, ¢né-for

each replicated cell fromwhich it is evaluated; the conpiler 1s further

operable to receive a Gantt type of |ayout definitijon_and generate a
Gantt. |l ayout tenpl ate; the eval uator is further operable to generate a

| ayout insta an t.a. e S
operable to lef# pray t% e“fPa %Bb'gl ng? %ri%l% ﬁea%de% {@ﬁ{;f&ﬂ &E{a:t}rle t aken
t oget her by tthe Getis| a;xo'ghet Uorkahe&ttei ofay m@\d pexamples ofr the

nested into rﬂ@f&éeﬁt%aaershar gro%meam%clude diffeyen€ntPhskbai 87,
wherein the edges of the Gantt rs can dragged to cause values to be
set . controls for dlsplay and interaction including text,

O

slider, Gantt chart and bar chart controls.

An additional technical advantage of the present
invention is the power of a graphical user interface
(GUI) specification in the report specification where
commands and bindings on controls equate to GUI event
handlers, controls in layouts equate to GUI widgets,
layouts in repdrts equate to GUI window segments, menus
and dialogue boxes, and a report equates to a GUI window.

The report generation system of the present
invention provides a powerful reporting system allowing a
user to create reports, analyze data, and engage in
hypothetical evaluations of a user model.



9. The systemof Claim8, wherein defined naned comuands are
attached to controls of a specific type and controls associ at ed with a

specific cell value type, and the conmands are o E a«F
-user interactions—specified by event definitions i3 SO 11T
per f or med whe ctions occuys. 0.l The system o '
wher ei n: - mum“lulm |Il|umrand menu control tlygesid EECdB%d tq
to specify a tr*ad|°t|enat’ nenu system and - the 4
translate into a native w ndow system ng gtenm includi ng menonifc and
accel erator key interactions consi st ent WI he |n
The system of Caim 10, wherein: - the conpiler is further operabl eto

recei ve a naned paraneterized report. definition and t.0 ner a report
tenpl ate; the r egor‘g COMBPYRT imRismenedintesictiye 5epﬁ|rrlﬁeagqap9n%fs &LOSF‘?‘E%'? B&is of

llayout definitions ysingGod AYSHE a WAEshe@ Wfinition (20), the worksheet definition being

pamed and parameterized and comprising a plurality of cell definitions each defining

a model-independent expression;
- means for storing a user model (42) that models a user environment;

means for storing a plurality of model intertace functions (16) associated with
the uSer modei;

a compiler (12) operable to receive the worksheet definition and to access the
plurality of model interface functions, the compiler being further operable:

to generate, based on the worksheet definition and the model interface
functions, a. worksheet template (32) comprising a plurality of cell templates (36) each
_defining a model-dependent expression (38); and

an evaluator (40) operable to receive the worksheet template and to access the
plurality of model interface functions and the user model, the evaluator being further
operable: |

to evaluate the model-dependent expressions in the worksheet template, using
the model interface functions and data from the user model, and

to generate a worksheet instance (48) containing a plurality of cell instances
(52) defining model-specific values (54), the model;specific -values resulting from

evaluation of the model-dependent expressions with data from the user model.
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worksheet definition by name and passing specific parameter expressions to
the worksheet definition, the compiler being further operable to generate a
layout template (30);

- the evaluator is further operable to receive the layout template and to generate
a layout instance specifying a precise relative layout of control instances, the
control instances specifying a precise display of worksheet values;

- the layout definition, template and instance comprise a layout type; and

- the controls comprise a plurality of control types appropriate for the layout

type.
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instance, and a cell that evaluates from such list-valued cells also evaluates
into replicated cells, one for each replicated cell from which it is evaluated,

- the compiler is further operable to receive an axis-cross type of layout
definition and generate an axis-cross layout template; _

- the evaluator is further operable to layout controls nested along each axis
relative according to how cells were evaluated in the worksheet template and
generate a layout instance that can display multi-dimensional data nested into
a two-dimensional table; and

- the renderer (56) is operable to display the two-dimensional table.

4.The system of Claim 3, wherein:

- a model-independent and a model-dependent expression comprise a recursive
expression that allows a cell to generate a list from itself, resulting in nested
replications generated from each replication of the same cell, continuing until
the nested replications result in lists of zero values;

- adepth of nested evaluations of each cell are available to layout controls; and

- an indented-text type of control is available which is operable to indent
displayed text according to the depth of the nested evaluation that produced

the value in the control.
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19. The systemof Caim 17, further conprising a render (56) operable to
receive the | ayout instance (46) and to visually display controls to a
user, and wherein: the conpiler is further operable to receive a | ayout
definition (18), the layout definition being naned and paraneterized and
conprising a plurality of

5. The system of Claim 2, wherein:

the compiler and the evaluator are operable to
process one of a plurality of worksheet types including a
replicating worksheet for which a cell that evaluates to
a list of values is evaluated into replicated cells in
the worksheet instance, and a cell that evaluates from
such list-valued cells also evaluates into replicated
cells, one for each replicated cell from which it is
evaluated;

the compiler is further operable to receive an axis-
bar type of layout definition and generate an axis-bar
layout template;

"the evaluator-is further operable to layout controls
nested along an axis relative according to how cells were
evaluated in the worksheet template and to generate a
layout instance that can display multi-dimensional data
nested into a row of headings and bars, the bars
positioned side~by-side, stacked, and nested according to
the nesting of worksheet evaluations; and

the renderer is operable to display the row of bars.
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the worksheet instance, and a cell that evaluates from

such list-valued cells also evaluates into replicated
cells, one for each replicated cell from which it is
evaluated;

the compiler is further operable to receive a map
type of layout definition and generate a map layout
'template; o

the evaluator is further operable to generate a
layout instance that can display map data;

the renderer is operable to display the layout
instance;

the replicated cells are taken together by the map.
layout to indicate an x-y position in a two-dimensional
space and are drawn as boxes; and

cells nested within other cells specify an x-y
position that is relative to the parent such that the net
result is that a two-dimensional map of rectangles is
placed down.
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nodel data set; and displ y|ng a report to a user Upor t
i nst ance. 44e worksheet lnsuance, and a cell that evaluates from

such list-valued cells also evaluates into replicated

cells, one.for each replicated cell from which it is
evaluated;

the compiler is further operable to receive a Gantt
type of layout definition and generate a Gantt layout
template;

the evaluator is further operable to generate a
layout instance that can display Gantt chart data; and

the renderer is operable to display the layout
instance; and

cne replicated cells are taken together by the Gantt
layout to indicate start and end points of bars nested
into rows of a Gantt chart.

8. The system -of Claim 7,
wherein the edges of the Gantt bars can be dragged to
cause values to be set.

g. The system of Claim 8,
wherein defined named commands are attached to controls
of a specific type and controls associated with a
specific cell value type, and the commands are opeﬁable
to be invoked by user interactions specified by event
definitions specifying a command performed when specified
interactions occur.
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including mnemonic and accelerator key interactions consistent with the

native window system.

11. The system of Claim 10, wherein:

- the compiler is further operable to receive a named parameterized report
definition and to generate a report template,.the report definition comprising a
plurality of specifications of layout definitions using layout names and
parameter expressions for layout parameters;

- the evaluator is further operable to receive the report template and a parameter
expression and to generate a report instance comprising layout instances
arranged according to a type of report definition, template, and instance; and

- the renderer is further operable to display the report instance in a window of a

native window system.

12. The system of any one of Claims 2 to 11, wherein:
- the compiler is further operable to receive an additional set-expression for
each cell definition of the worksheet definition;
- the evaluator is further operable to define interaction of each control to edit
- the cell values of the worksheet instance and change the user model specified
by the set expression recorded by the compiler in the worksheet template; and
- the renderer (56) is further operable to support user interaction with displayed

controls.
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14. A system as claimed in Claim 1, comprising
- an execution memory operable to store data representing a computer software
system,;
a display operable‘to display a report to a user of the computer system;
a processor coupled to the data storage device, the data memory, the execution

memory and the display, the processor executing the computer software system.
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1S. The system of any preceding Claim, wherein:

- the compiler is further operable to receive a set-expresswn for each cell
definition of the worksheet definition and to record the set-expression in the
worksheet template; and

- the evaluator is further operable to receive edits to the values of the worksheet
instance and change the user model as specified by the set-expression
recorded by the compiler in the worksheet template.

16. The system of any preceding Claim, wherein the compiler and the evaluator are
operable to process one of a plurality of worksheet types, including a replicating
worksheet for which:

- a cell that evaluates to a list of values is evaluated into replicated cells in the
worksheet instance, |

- and a cell that evaluates from such list-valued cells also evaluates into

replicated cells, one for each replicated cell from which it is evaluated.

17. The system of Claim 16, wherein a model-independent and a model-dependent
expression comprise a recursive expression that allows a cell to generate a list from itself,
resulting in nested replications generated from each replication of the same cell,

continuing until the nested replications result in lists of zero values.

18. The system of Claim 17, wherein:
- the compiler is further operable to receive an additional set'-expressio.n for
each cell definition of the worksheet definition; and
- the evaluator is further operable to receive edits to the values of the worksheet
instance and to change the user model as specified by a set-expression

recorded by the compiler in the worksheet template.
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19. The system of Claim 17, further comprising a rendefer 5 & fo receive the

layout instance (46) and to visually display controls to a user, and wherein:

the compiler is further operable to receive a layout definition (18), the layout
definition being named and parameterized and comprising a plurality of
control definitions (22) that specify display of cell values, specifying the
worksheet definition by name and passing specific parameter expressions to
the worksheet definition, the compiler further operable to generate a layout
template (30); . |

the evaluator is further operable to receive the layout template and to generate
a layout instance specifying a precise relative layout of control instances, the
control instances specifying a precise display of worksheet values;

the layout definition, template and instance comprise a layout type; and

the controls comprise a plurality of control types appropriate for the layout

type.
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20. A method of operating a computer system t0 allow interactive . report

generation for a user of the computer system, comprising:
providing a plurality of model interface functions associated with a user
model; |
providing the user model defining data set describing a user environment;
providing a worksheet definition, the worksheet definition being named and
parameterized and comprising a plurality of cell definitions each defining a model-
dependent expression,
receiving the worksheet definition. and accessing the plurality of model
interface functions;

' generating, based upon the worksheet definition and the model interface
functions, a worksheet template comprising a plurality of cell templates each defining
a model-dependent expression;

receiving the worksheet template and accessing the plurality of model interface _
functions and the user model data set;

evaluating the model-dependent expressions in
the workéheet template, using the model interface functions and the user model data
set; | |

generating a worksheet instance containing a plurality of cell instances defining
model-specific values, the model-specific values resulting from evaluation of the
model-dependent expression with the user model data set; and

displaying a report to a user based upon the worksheet instance.



