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J:NTERACTJ:VE REPORT GBNERATJ:ON SYSTEM 
AND METHOD OF OPERATJ:ON 

TECHNICAL FIELD OF TBE INYEN'UQN 
'!'his invention relates in qeneral to the field of 

electronic systems, and more particularly to an 
interactive report qeneration system and a method of 

10 operation • 
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BACJCGRQQNQ OF THE INVENTION 

Conventiona1 planninq software applications are used 
in a wide variety of industries to accomplish various 
planning purposes. These planning software applications 

5 qenerally utilize a model of the user's environment for 
which planninq is desired. ·In the manufacturing context, 
personnel could use planning software to d~velop 
solutions to problems and to react and compete 
intelligently in a qiven market. Planninq 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. 

'I'he productivity impact of manufacturing planning 
software may be limited by the capabilities of the 

15 software, itself. Conventional planninq software can be 
incapable of generatinq needed reports, performinq needed 
analysis, allowing the needed modifications to a model, 
or modelinq 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 manufact~inq per~onnel, for 
example, is to qenerate custom reports that display 
desired information in formats, terms, and units that are 

25 used in daily manufact~ing operations. Users of 
planninq software should not be required to manually 
search a large quantity of data to find desired 
information and complete 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 floor. All 
searchinq, sorting, filtering, convertinq and translation 
is work that it is advantageous for planning software 
applications to handle. 
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THIS SHEET HAs BE'N 
j REPf.AcED 

.The programminq mechanism that is most wide1y used 
by non-programming professionals is the conventional 
spreadsheet, such as LOTUS 1-2-3 and MICROSOFT EXCEL. 
Often planners, purchasers, sales professionals and 
others, faced with inadequate 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 proqrammable by the personnel 
that need planninq tools. It is problematic for a user 
to be required to turn to a local system maintainer or 
proqrammer 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 environment 
whether manufacturinq, distribution, supply or other 
planninq environment. It also is advantageous that a 

20 user be enabled to accomplish planning analysis throuqh 
direct interaction with a reporting system • 
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A need has arisen for a report generation system 

that provides proqrammability, model independence and 

interactivity. 
5 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 

10 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 

15 of model interface functions. The worksheet definition 

is named and parameterized and comprises a pl.urality of 

cell definitions each defining a model-independent 

expression. The compiler is further operable to generate 

a worksheet template comprising a plurality of cell 
. . 

20 templates each defining a model-dependent expression. An 

evaluator is operable to receive the worksheet temp1ate 

and a parameter expression. The evaluator is further 

operable to access the plurality of model interface 

functions and a user model. The evaluator is operable to 

25 evaluate the parameter expression and the model-dependent 

expressions in the worksheet template and is operable to 

generate a worksheet instance containinq a plurality of 

cell instances defining model-specific values. 

According another embodiment of the present 

30 invention, an interactive report_qeneration 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 

35 
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interface functions, and to qenerate a report template. 
The evaluator is operable to receive the report template, 
to access a plural! ty of model interface functions., to 
access a user model, and to qenerate a report instance. 

5 A renderer is operable to receive the report instance and 
to display and allow interaction with that report 
instance. 

One technical advantaqe of the present inv~ntion is 
allowinq interactive access to a model of a user's 

10 environment throuqh 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 arquments and 
can have different behavior for each. 

An additional technical advantage of the present 
invention is the provision of different classea of 

25 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 technical advantaqe 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 
tabular layouts, and in particular, provides the f1exible 

. . 

axis-cross layout for replicating worksheets in reports. 
35 
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A further technical advantage is the ability 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 

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

An additional technical advantaqe of the present 
invention is the power of a graphical user interface 

10 (GUI) specif !cation in the report specification where 
commands 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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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 repo~t 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 30 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, 40, 4E, 4F, and 4G illustrate tables 

showing examples of axis-cross layouts of cells resulting 
from evaluation of expressions. 
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Report Garteratign system 

PCT/US96/09908 

FIGURE 1 is a block diagram of a report generation 

system, indicated generally at 10, constructed according 

5 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 

10 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 

15 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 

20 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 

25 report definition 14 and model interface functions 16. 

Report template 28 includes a layout template 30 for each 

layout definition 18 in report definit~on 14. Layout 

template 30 includes a worksheet template 32 

corresponding to worksheet definition 20. Layout 

30 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 
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includes an expression 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 

15 renderer 56 is coupled to report instance 44. Renderer 
~-6 qenerates a report 58 and manages interaction with 
report 58. 

20 

In one embodiment of the present invention, report 
generat~on system 10 comprises a computer software system 
executed by a general purpose digital computer. In 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 ~nd 62 can comprise magnetic storage 
devices, memory devices or other such data storaqe 
devices. Purther, data storaqe 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 qeneral purpose digita1 
computer. Execution memory 64 is also operable to hold 
executab1e code associated with model interface functions 
16. Execution memory 64 can comprise a memory device or 
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other such data storage device. A display device 66 is 

operable to display report 48 for viewing and interaction 

by a user of report generation system 10. A printer is 
an example of a display device 66 that can display the 

5 report but can not support interaction with the report. 

Re~ort Generation Model 

Xn 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 ss. Zn 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 reqard for 

25 the data values contained in user model 42. RepoJ;t 

definition 14 includes a layout definition 18 for each 

window.segment desired in.report 58. Layout definition 

18 includes worJtsheet 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 
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defines at least one cell definition 24 havinq at least 
one expression 26. 

Compiler 12 receives a report definition 14 as an 
input. compiler 12 qenerates a correspondinq 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 int~face functions 16. ~he 

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 qenerates report instance 44 
in which each cell template 36 has been evaluated to one 
or more cell instance 52 each havinq 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 appropriate 
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 qenerate 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 accordinq to 
the desired report analysis defined by report instance 
44. 
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Inte;active Kod• 
Report qeneration system 10 can be interactive with 

respect to a user after report 58 is generated and 

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 throuqh ~ 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 describinq actions taken by a user. 

Renderer 56 makes correspondinq changes in report 
instance 44 such as chanqinq 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 model 42 and report instance 44 

is accOJ?plished throuqh the use of "qe:t" and 11set11 

expressions for expression 38 in cell template 36. The 
qet expression informs evaluator 40 what data to obtain 

25 as a value from us~r 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 
manufacturinq resource. The get expression associated 

with the first cell could inform evaluator 40 what data 
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to obtain for the queue time from user model 42. The set 
expression associated with the first cell could inform 
evaluator 40 that a chanqe in the value of the first cell 
should result in changinq the data in user model 42 to 

5 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 

10 and the wait time and to sum the two values. The set 
expression associated with the second cell could inform 
evaluator 40 that a chanqe in the value of the second 
cell sh~uld result only in a change of the wait time in 
user model 42. Thus, if the queue time were 10, and the 

15 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 

20 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 

25 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 

30 worksheet definition 20. 
Report definition 14 is compiled by compi1er 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 
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accessinq user model 42 to define function calls placed 

in expressions 38. Report template 28 is evaluated usinq 

implementations from model interface functions 16 and 

data from user model 42 by evaluator 40. Evaluator 40 

5 evaluates report template 28 to qenerate report 
instance 44. Report instance 44 can drive a number of 
renderinqs includinq on-screen qraphical user interfaces 

{GUI's) or paper reports. Accordinq to the teachinqs 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 qivinq a user the 

ability to manipulate data in user model 42 and chanqe 

values in report instance 44. 

15 Interaction with User Hodel 
Report generation system 10 provides interaction 

with user model 42. User model 42 ~omprises a data 
structure for supporting desired report functionality 

such as.manufacturinq planning. Expressions 26 in report 

20 definition 14 support functions for accessinq user 

visible data in user model 42. Those functions further 

support both qettinq 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 invention, 

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, resource, 

butter, etc.) pulled out by each function is known and 
checked. For example, if a function expects to be passed 
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a quantity, but instead is passed a pathname, then the 

call to that function will not compile and compiler 12 

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. 

15 

Classes of WorJcsheets 

Worksheet instance 48 is a collection of cells that 

consists of evaluated expressionsG 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, ~emonic, and keyboard 

accelerator. Another worksheet class is a replicating 

worksheet Which may generate hundreds of ce1ls in the 

instantiation of worksheet instance 48 for each cell in 

worksheet definition 20. The cells are replicated 
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dependinq upon information in the data set of user model 

42. 

Beplicating Worlcabaat 

5 FZGURE 2 illustrates a table showinq expressions 

utilizinq lists and the number of cells resultinq in 

evaluation of the list expressions. One d~ta type that 

can be returned by a worksheet expression is a "list of 

el.ements of type V" or "type LIST <V>." A replicatinq 

10 worksheet can be evaluated such that one cell will be 

instantiated for each element in a list computed by a 

sinqle cell expression. Cells that use a cell that 

computes a list see a type matchinq the type of el.ements 

that are in the list. The same number of cells qenerated 

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 utilizinq lists. 
A cell whose expression evaluates to List <V> can be 

instantiated with one cel.l 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" returninq 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. 

strinqs containinq 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 s 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 

correspondinq cells instantiated with T's and 



W097/00487 PCT/US96/09908 

17 

instantiated with s•s is maintained accordinq to the 

teachinqs of the present invention. For example, the 

cells can be displayed in the same row or column. 
As shown in row four of FIGURE 2, another cell's 

5 expression may compute a value of type R usinq both a T 

and a V from List <T> and List <V>. In this case, an R 
can be computed for each combination of T ~nd 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 aqain, the relationship between each 

R and the T and V from which it was computed can be 

15 

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 
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 1 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 'l' 

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> 

qenerated from each combination of T and v. For example, 

Dl could compute the next Al number of letters f ollowinq 
the letter in A2. Given Al has value 2 and A2 has val.ue 
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"a", the generated list for Dl would be nb 11 and 11c 11 (the 

2 letters following "a"). Given Al has value 5 and A2 

has value "u", the list "v", "w", "x", "y", "z". 
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 A1 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 

Exam,ples of Cells Based Upon Lists 

FIGURES 3A 38, 3C and 3D illustrate examples of 

cells instantiated based upon lists. In FIGURE 3A, list 

A~ includes three elements: 2, 3 and 5. Cell B1 computes 

20 (A1+3). Evaluation of Bl is performed once for each 

element in the list of A1. Thus, the result for B1 is 

three cells having the values 5, 6, and 8, as shown. 

FIGURE JB illustrates celis instantiated based upon 

two lists. Cell 82 computes A2 concatenated with a 

. 25 strinq 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 o~ A1 to a string 

and concatenates the vowel in A2. The expression of 82 

is reevaluated for each combination of elements from A1 

30 and A2. Thus there are fifteen cells instantiated as 

shown in FIGURE 3B. 
FIGURE 3C illustrate a list generated fr~m a list. 

Cell c1 computes the next Al multiples of Al. For this 

expression, Al is a number. The expression of c1 
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evaluated from Al is reevaluated for each number in Al. 

The result is a list of numbers for each Cl evaluated 

from Al. As shown in FIGURE 3C, ten cells are 

instantiated. 
5 FIGURE 30 illustrates cells based upon a second list 

that itself is based upon a first list. C2 has the same 

formula as 
Bl and A2. 

. A2 and Cl. 

82, but is computed from Cl and.A2 rather than 

C2 ·qenerates one cell for each combination of 

Thus, fifty cells are instantiated for C2 as 

10 shown in FIGURE 30. The examples of FIGURES 3A through 

30 are not intended and should not be construed to limit 

the scope of the present invention. 

15 

Classes gf Layouts 

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 di~ferent 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 orqanized hierarchically ·.in two different axes and in 

the intersection, or the 11cross11 • This al.lows cells 

computed from multiple other cells to be arranqed 

25 meaningfully, showing the relationships between the 

cells. Alternatively, the same replicating worksheet 

could be presented with a bar chart layout presenti~g the 

information as bars in a histogram. The information 

could be organized into side by side bars, stacked bars, 

30 and nested bars. 
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Axis-Cross Layout 

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

5 the Y 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 diaqram 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 t~an any cell from w~ich 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 throuqh 30 as described above. 
FIGURE 4A illustrates a dependency diaqram. Al and 

A2 are independent (not dependent on other cells}. Bl 
and Cl 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. 
FZGDRE 4B illustrates a layout where the Y axis 

includes A1, B1 and c1. 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 A1, Bl, and Cl are arranqed in columns, 
and the elements of A2 are arranqed in a row. The cells 

35 of B2 are located in the cross, as shown. 
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FIGURE 4D illustrates an axis-cross layout where the 

Y axis includes Al, Bl, and Cl, and the X axis includes 

A2 and the cross, 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 qrouped under the 

cells of A2. As shown, the cells of Cl are arranqed 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. In FIGURE 4F, the X axis is 

defined as the cross and A~, where the cross includes B2 

20 and c2. The Y axis is aqain 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. 

FXGORE 4G illustrates an example of qrouping. In 

FIGURE 4G, the layout is defined such that Bl and Cl are 

25 qrouped under Al. For each value under Al., all of the 

titles in the group will nest. In this case, the titles 

Bl and Cl nest in rows for each value of Al. In a second 

column, the values of the qroup nest with and under the 

corresponding qroup title. So, the Cl values are put on 

30 the rows with the Cl title. Dependent groups can also be 

defined which nest like qroups, but do not display a 

column of titles. Rather, the values display dependent 

upon which independent qroup member is displayed on the 
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current row. Finally, if a group member has no values, 
then no row needs to be qenerated for the value or the 
title. 

5 Classes of Cbart Layouts 

There can be a number of different layouts such as 
bar charts (histoqrams with side-by-side, ~tacked and 
overlapping bars}, pie charts, line charts and Gantt 
charts. Each layout allows the arranqement and display 

10 of the same cell information but in different qraphical 
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. 

15 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 qroup is the left most, the next is to 
the right of that and so on. A group with.in a qroup on 
an axis can indicate that those cells have the same depth 

20 and same left to riqht 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 one possible set of rules for a bar chart 
25 layout. Some embpdiments 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. 

30 Por example, an axis-bar chart layout could he setup 
like one axis of the axis-cross layout, allowinq 
arbitrary nestinq 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 
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nestinq would be specified to use the bar control, 

resultinq in them beinq displayed as bars. 

A multi-line line chart can be done similarly. One 

axis of axis-cross is given. All cells that are not 

5 qiven 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. 

10 

15 

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. 

specification of a Gantt chart. 
The result is a qeneric 

A Gantt chart could be 

specified in other ways, and qiven various features, 

duality, flexibility, and ease of use. 

A further layout class is a menu layout. The menu 

20 layout provides a series of cells containinq "buttons" or 

menu items. The layout can result in a platform and 

window system conf orminq menu that includes look and · 

feel, mnemonic handling, and accelerator handlinq as 

appropriate for the platform. rn fact, where the native 

25 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 

Cgntrg11 

30 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 
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slider control could be placed in a cell if the cell were 
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 

5 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. 

10 Each class of layout determines the type of controls 

15 

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 1 x • and a 'y' , draws a 
point at that position, and connects a straight line from 
the preyious position to this new point's position. The 

20 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-

25 . rate control takes a third value in addition to •x• and 
•y•: a •rate•. Xt 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. 

30 As another example, a pie slice contro~ would 
qenerally be useful only in a pie chart layout, and pie 
chart layouts may only allow pie slice controls. Some 
pie slice controls :may allow edges to be dragged in order 
to change the value displayed. other pie slice controls 
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may allow the slice to be pulled out of the pie in order 
to highlight the slice. Other controls may display text 
in the slice. Similarly, Gantt charts may only al1ow 
Gantt bar controls. In contrast, a text control may be 

s usable in many layouts. Some text controls may allow any 
text to be inserted. other text controls may restrict 
what text can be input or may invoke validation 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 associate_d with event 
"riqht button" for a particular control in a given 
layout. 

15 oVeryiew 
~e report generation system 

invention can comprise a software 
general purpose diqital computer. 

of the present 
system executable on a 
In general, the report 

generation system operat~s in two modes. The first mode 
20 is that of generating a report. In this qeneration mode, 

the report qeneration 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 GUJ: 

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; Gm menus are layouts; GUI dialogues are 
layouts; and GUI: windows are reports. 

35 
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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 values 
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 11set11 

expressions in addition to "qet" expressions such that 
15 editinq the cell can result in chanqes to data in the 

user's model as opposed to chanqes simply in the cell. 
In addition, report information types are used that are 
identical to information ~ypes 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 
replicatinq 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 
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different controls for display of and interaction with 

the cells in the worksheets of a report. Examples of the 

different controls provided include different classes of 

controls for display and interaction includinq text, 

5 slider, Gantt chart and bar chart controls. 

An additional technical advantaqe of the present 

invention is the power of a qraphical user. interface 

(GUI) specification in the report specification where 

commands and bindinqs on controls equate to GUI event 

10 handlers, controls in layouts equate to GUl: widqets, 

layouts in reports equate to GUI window seqments, menus 

and dialogue boxes, and a report equates to·a GUI window. 

The report qeneration system of the present 

invention provides a powerful reporting system allowinq a 

15 user to create reports, analyze data, and enqage in 

hypothetical evaluations of a user model. 

Althouqh the present invention has been described in 

detail, it should be understood that various changes, 

substitutions and alterations can be made hereto without 

20 departinq from the spirit and scope of the invention as 

defined by the appended claims. 

Rf>nlaced 
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1. A computer software system comprising: 
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 to generate 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 expres•ion, the evaluator 
further operable to access the plurality of model 
interf~ce 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 instanc~ containinq a plurality of 
cell instances defining model-specific values. 

20 2. 

wherein: 
The computer software system of Claim 1, 

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 

30 

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. 
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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 includinq 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 qenerate a list from itself, resulting in nested 

15 replications qenerated from each replication of the same 
cell, continuing until the nested replications result in 
lists of zero values. 

s. 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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6. The computer software system of Claim 1, 

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

s the compiler is further operable to receive a layout 
definition, the layout definition beinq named and 
parameterized and comprisinq a plurality o~ control 
definitions that specify display of cell values, 

specifyinq the worksheet definition by name and passinq 

10 specific parameter expressions to the worksheet 

definition, and tlie compiler further operable to qenerate 

a layout template; 
the evaluator is further operable to receive the 

layout template and to qenerate a layout instance 

15 specifyinq a precise relativ~ layout of control 

instances, the control instances specifying ~ pr~cise 
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 rec•ive 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 

35 

the renderer is further operable to support user 

interaction with the displayed controls. 

1iilirifli1rnnr 
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8. The computer software system of Claim 6, 

wherein: 
the compiler and the evaluator are operable to 

process one of a plurality of worksheet types incl.udinq 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 qenerate an axis­

cross layout template; 
the evaluator is further operable to layout controls 

15 nested alonq each axis relative accordinq to how cells 

were evaluated in the worksheet template and qenerate 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 s, 
wherein: 

a model-independent and a model-dependent expression 

25 comprise a re9UX'se expression that allows a cell to 

qenerate 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; and 

an indented-text type of control is avail.able which 

is operable to indent displayed text accordinq to the 

depth of the_nested evaluation that produced the value in 

35 the control. 
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10. The computer software.system of Claim 9, 
wherein: 

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

11. The computer soft~are system of Claim 6, 
15 wherein: 

the compiler and the evaluator are operable to 
process one of a plurality of worksheet types includinq a 
replicatinq 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 def~ition and qenerate an axis-bar 

layout template; 
the evaluator is further operable to layout controls 

nested along an axis relative according to bow 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 o~ bars. 
35 
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12. The computer 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 chanqe 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. 
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13. The computer software system of Claim 6, 
wherein: 

the compiler and the evaluator are operable to 
process one of a plurality of worksheet types including a 

5 replicatinq 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 eva~uates 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 rendere~ is operable to display the layout 
instance; 

the replicated cells are taken together-by the map 
layout ~o indicate an x-y position in a two-dimensional 

20 space and are drawn as boxes; and 

25 

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. 

This Sheet Has Been R 
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14. The computer software system 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 tram 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. 

25 

15. The computer software system of Claim 14, ·-

wherein the edges of the Gantt bars can be dragged to 

cause values to be set. 

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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17. The computer software system of Claim 16, 

wherein: 
a menu layout type and menu control types which are 

formed together to specify a traditional menu system; and 

the compiler is oper~ble to translate into a native 
window system menu system includinq mnemonic and 

accelerator key interactions consistent wi~ the native 
window system. 

18. The computer software system of Claim 6, 
wherein: 

the compiler is further operable to receive a named 

parameterized report definition and to qenerate a report 

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 ~o receive the report 

template ~nd 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 

25 

30 

the renderer further operable to display the report 

instance in a window of a native window system. 

19. The computer software system of Claim l.8, 

wherein; 
the compiler is fu;ther operable t~ receive an 

additional set-expression for each cell definition of ·the 

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 

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. 
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20. A computer system for providing a user with a 
computer software system, comprisinq: 

a data storaqe device operable to store data 
representinq a user model data ••t 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 operab1e 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 storaqe device, the 

data memory, the execution memory and the display, the 
processor executing the computer software system, wherein 

15 the computer software system comprises; 
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 containinq a plurality of cell instances 
defining model-specific values. 
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21. The computer system of Claim 20, 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 

5 worksheet template; and 

10 

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. 

22. The computer system of Claim 20, wherein the 

compiler and the evaluator· are operable to process one of 

a plurality of worksheet types includinq a replicatinq 

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 £or 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. The computer system of Claim 23, further 
comprising a renderer operable to receive the layout 
instance and to visually display controls to a user, and 
wherein: 

s 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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26. A method of operatinq 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 comprisinq 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; 

evaluatinq the parameter expression and the model-
·2 o dependent expressions in the worksheet.template; and 

25 

generatinq a worksheet instance containing a 
plurality of cell instances defining :model-specific 
values. 
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