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(57) ABSTRACT 

An improvement in decision automation employing a ZDD 
rule model indicative of a business or engineering rule to 
provide decision support to a user. The computer-imple 
mented improvement automatically identi?es compliant 
inputs for the rule processing system according to at least one 
input initially supplied by a user, and is particularly useful for 
determining product con?guration, engineering designs, 
various outcome of planning scenarios, etc. Once a user 
selects an initial value(s), remaining compliant values unique 
to the user-selected value(s) are automatically identi?ed. The 
improvement reduces time required to manually select inputs. 
In one embodiment, the improvement includes an I/O inter 
face to enable the user to choose and observe inputs, an 
autoselect ZDD constructed from compliant inputs of the rule 
model, and a ZDD processing module that processes said 
autoselect ZDD in order to provide for the user a set compli 
ant inputs for the ZDD rule model according to the user input. 
The automatic input selection routine may be executed at 
decision automation runtime, or executed and stored a priori 
for subsequent processing during runtime. 
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Exemplary Definition & Layout of Ruie Model 

Attribute Name, Attribute Enumeration Names and Number 
Number ' - 

Bundles 0 Best (0), Better (1), Cheap (2), Good (3) 
CPU 1 P4 (4), P5 (5), P6 (6) ‘ ' ' 

DVD 2 1x (7), 2x (8), 4x (9), 8x (10) 
Hard Drive 3 120 Gig (11), 250 Gi9~(12), 80 Gig (13) ' 
Memory 4 1GB (14), 2 GB (15), 512 MB (16) 
Shipping Company 7 5 FedEx (17), UPS (18), USPS (19) 
Shipping Method 6 Next Day (20), 2 Day (21), Ground (22) 

Fig. 3 
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RULE PROCESSING METHOD AND 
APPARATUS PROVIDING AUTOMATIC USER 

INPUT SELECTION 

CROSS-REFERENCE TO RELATED PATENTS 
AND PATENT APPLICATIONS 

[0001] This invention claims the bene?t of US. Provisional 
ApplicationNo. 60/721,090 ?led Sep. 28, 2005 inthe name of 
the same inventors hereof. 

[0002] This invention concerns improvements to inven 
tions disclosed in commonly-oWned, US. Application Ser. 
Nos. 10/101,151 ?led Mar. 20, 2002 (now US. Pat. No. 
6,965,887) and 10/101,154 ?led Mar. 20, 2002, each ofWhich 
is incorporated herein. 

BACKGROUND 

[0003] This invention relates to a rule processing system or 
method that provides automatic decision support, but more 
speci?cally, to an improvement that enables automatic selec 
tion or identi?cation of rule inputs based on an initial input 
supplied by a user. 
[0004] During automated decision support, a user may 
input one or more selections of rule parameters in order to 
attain satis?ability of a business or engineering rule, such as 
product con?guration rule or speci?cations for an engineer 
ing system. Generically, user selections may take the form of 
selected enumeration values of attributes that characteriZe the 
rule. In a product con?guration rule for a desktop computer 
system, for example, an attribute may comprise bundle type 
and selectable enumerations of that attribute may comprise 
Multimedia, PoWer PC, Business Workstation, or Entry 
Level. Depending on an initial selection of bundle type, enu 
merations of other product attributes (e.g., CPU speed, DVD 
speed, Hard Drive Capacity, RAM memory siZe, etc.) may or 
may not be compatible. 
[0005] In order to lessen the amount of effort required of the 
user to select appropriate enumerations of other attributes 
once other attributes are selected, it is desirable to provide the 
user With automatic selections or identi?cation of enumera 

tions for the other product attributes, i.e., to automatically 
identify or suggest compatible inputs that satisfy the product 
con?guration rule based on the user’s manually-supplied 
inputs. In other Words, it is desirable to automatically identify 
enumerations that are valid With each other and also valid 
With previous selections made by the user. Such automati 
cally-supplied advice guides the user in choosing correct 
enumerations that reside in various valid combinations of 
attributes and enumerations and speeds attainment of rule 
compliance. In addition to product con?guration, such auto 
matic selection of enumerations may be applied to any other 
type of business or engineering rule processing system or 
method. 
[0006] In the related disclosures over Which the present 
invention is an improvement, the rule being automated is 
modeled by a Zero-suppressed binary decision diagram 
(ZDD), but may also take the form of BDDs (binary decision 
diagrams) or DAGs directed acyclic diagrams). Using a ZDD 
rule model, the user’s inputs are converted to a traversal ZDD 
Which is used to traverse the rule model in order to produce an 
indication of satis?ability as Well as con?ict and select 
advice. Con?ict and selection advice informs the user Which 
entries invoke compliance and Which entries invoke noncom 
pliance after the user has made his or her selections of enu 
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merations. Based on the advice, the user may change the 
selections according to desired con?guration or other condi 
tions. 

SUMMARY OF THE INVENTION 

[0007] In accordance With a ?rst aspect of the invention, 
there is provided in a computer-implemented rule processing 
system utiliZing a ZDD rule model that responds to user 
inputs by providing advice to a user for achieving compliancy 
of the rule model, an improvement comprising an autoselect 
system implemented With the rule processing system to iden 
tify a set of compliant inputs based on at least one initial user 
input chosen by the user Where the auto select system includes 
a user interface to enable the user to enter at least one user 

input and a processor to automatically generate and indicate 
to the user other compliant inputs of the set based on the user’s 
initial input. To identify the other compliant inputs, the pro 
cessor utiliZes an autoselect ZDD constructed from compliant 
inputs of the rule model. Inputs may be in the form of a 
selection of attributes of a business or engineering rule and a 
selection of enumerations of the attributes. 
[0008] According to another aspect of the invention, a com 
puter-implemented rule processing system utiliZing a ZDD 
rule model that responds to selection of attributes and enu 
merations thereof in order to provide selection advice to a 
user for achieving compliancy of the rule model includes an 
improvement comprising an autoselect system implemented 
With the rule processing system in order to provide additional 
compliant selections based on at least one initial input sup 
plied by the user. In this aspect, the auto select system includes 
a user interface to enable the user to enter the initial input, an 
autoselect ZDD constructed from compliant inputs of the rule 
model, and a processing module responsive to the initial input 
of the user to automatically provide the additional compliant 
selections. 
[0009] In yet another aspect of the invention, there is pro 
vided in combination With a rule processing system employ 
ing a ZDD rule model indicative of a business or engineering 
rule to provide decision support to a user, a computer-imple 
mented system to automatically identify compliant inputs for 
the rule processing system according to at least one user input 
Wherein the computer-implemented system comprises an I/O 
interface to enable the user to choose and observe inputs, an 
autoselect ZDD constructed from compliant inputs of the rule 
model, and a ZDD processing module that processes the 
autoselect ZDD in order to provide for the user a set compli 
ant inputs for the ZDD rule model according to the at least one 
user input. Further, the processing module may enable the 
user to change an initial input and, in response thereto, to 
provide alternative compliant inputs based on a change in the 
initial user input. 
[0010] In a further aspect of the invention, a computer 
implemented rule processing system to determine satis?abil 
ity of a business or engineering rule represented by a Zero 
suppressed binary decision diagram (ZDD) rule model 
comprises an execution module to indicate compliancy of the 
rule according to selection of attributes and enumerations 
values of the attributes, an autoselect module that provides 
automatic selection of enumeration values based on selection 
of an initial value of at least one enumeration, a user interface 
to enable a user to select a value of at least one enumeration, 
and a processing module to determine compliant enumeration 
values of other attributes according to the enumeration value 
selected by the user and to provide to the user compliant 
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enumeration values of the other attributes. In addition, the 
processing module may iteratively enable the user to select an 
alternative enumeration value Whereby, in response, the pro 
cessing module determines and identi?es other compliant 
enumeration values based on the alternative enumeration 
value selected by the user. 

[0011] In yet another aspect of the invention, there is pro 
vided in a computer-implemented rule processing method to 
determine satis?ability of a ZDD representation of a business 
or engineering rule, a method of providing a set of compliant 
enumeration values for respective attributes of the rule com 
prising the steps of obtaining a user selection of at least one 
enumeration value of an attribute, determining a set of com 
pliant enumeration values of other attributes according to user 
selection, providing a complete set of compliant enumeration 
values to the user, and iteratively enabling the user to select 
other enumeration values Whereby to provide further com 
plete sets of compliant enumeration values to the user. 

[0012] In yet another aspect of the invention, there is pro 
vided in a computer-implemented method of rule processing 
utiliZing a Zero-suppressedbinary decision diagram (ZDD) to 
provide decision support, a method of automatically provid 
ing a user With additional compliant input selections based on 
at least one initial user input supplied by the user comprising 
the steps of providing a user interface to indicate possible 
inputs to the ZDD; enabling the user to enter at least one 
input; in response to an input selected by the user, generating 
a set of additional inputs that are compliant With each other 
and compliant With the input(s) entered by the user; and 
indicating the set of additional compliant inputs to said user. 
Indicating may occur by displaying results or selection advice 
on a computer monitor. 

[0013] In yet a further aspect of the invention, there is 
provided a computer-readable medium to effect automatic 
identi?cation of inputs during automated rule processing of a 
ZDD rule by a data processing system Where the medium 
comprises program instructions to effect display on a graphi 
cal user interface of selectable inputs for the ZDD rule, to 
effect selection by the user of at least one input, to build an 
autoselect ZDD from compliant inputs of the ZDD rule, to 
generate a set of compliant inputs based on an input selected 
by the user, and to indicate to the user said set of compliant 
inputs according to an input selected by the user. 
[0014] Other features and aspects of the invention Will 
become apparent upon revieW of the folloWing disclosure 
taken in connection With the accompanying draWings. The 
invention, though, is pointed out With particularity by the 
appended claims. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0015] FIG. 1 is a screen print of a graphical user interface 
(GUI) depicting a user selection of a “Cheap” enumeration 
Within a bundle type attribute for a desktop computer system 
along With a number of “?oating” attributes (CPU, DVD, 
Hard Drive, Memory, Shipping Company, and Shipping 
Method) each having an enumeration that is automatically 
selected in accordance With the a method or system of the 
present invention. 
[0016] FIG. 2 shoWs a screen print similar to FIG. 1, but 
having the “Best” enumeration being user-selected in the 
Bundles attribute Whereby alternative enumerations are auto 
matically selected or identi?ed for the remaining attributes in 
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accordance With the present invention (but additionally 
including an enumeration/ index value column on the left to 
help explain the invention). 
[0017] FIG. 3 is a table describing the attributes and enu 
merations of a computer system con?guration rule exempli 
?ed throughout this disclosure. 
[0018] FIG. 4 is a Zero-suppressed binary decision diagram 
(ZDD) representing the original Include component of the 
con?guration rule characterizing compatible or alloWable 
con?gurations of the computer system described in FIG. 3. 
[0019] FIG. 5 is a ZDD representing the original Exclude 
component of a product con?guration rule characterizing 
compatible or alloWable con?gurations of the computer sys 
tem described in FIG. 3. 
[0020] FIG. 6 illustrates removal of unused ZDD nodes 
(e.g., removal of unused computer con?gurations) of the 
Include ZDD shoWn in FIG. 4. 
[0021] FIG. 7 shoWs the resulting FIG. 6 ZDD after 
removal of unused nodes. 
[0022] FIG. 8 shoWs an XOR (exclusive OR) ZDD that is 
used to expand out the paths in the ZDD of FIG. 7 to include 
all of the attributes. 
[0023] FIG. 9 shoWs the ZDD of FIG. 7 expanded out by the 
XOR ZDD of FIG. 8. 
[0024] FIG. 10 is a ?nal AutoSelect ZDD that is used to 
automatically select attribute enumerations based on initial 
user-selected enumeration(s). It is a combination of an ASIn 
clude ZDD possessing all possible Included combinations 
and an ASExclude ZDD having certain Excluded combina 
tions. 
[0025] FIG. 11 is an intermediate ZDD generated by a 
user-selection of the “good” enumeration in the bundles 
attribute of the illustrated rule, Which is a ZDD representation 
of all valid combinations that have enumeration 3. 
[0026] FIG. 12 shoWs a series of ZDDs internally generated 
by the invention in order to produce recommended enumera 
tion selections based on an initial user-selection of the 
“cheap” enumeration for the bundles attribute. 
[0027] FIG. 13 is a table of results generated by the process 
of FIG. 12, Which separately shoWs Include and Exclude 
enumerations . 

[0028] FIG. 14 shoWs Include advice produced by the 
invention in the form of tWo arrays of enumeration inputs 
called Selection Input Floating and Selection Input Fixed. 
[0029] FIG. 15 shoWs advice indications for the respective 
Bundles, CPU, DVD, Hard Drive, and Memory attribute 
groups. 
[0030] FIG. 16A shoWs advice computation using ?oating 
AutoSelected Attributes. 
[0031] FIG. 16B shoWs advice computation using a ?xed 
AutoSelect value instead of the ?oating AutoSelect 
Attributes. 
[0032] FIG. 17 shoWs the results of NOR’ing Include 
Results and the Exclude Results to produce an advice array. 

DESCRIPTION OF ILLUSTRATIVE 
EMBODIMENTS 

[0033] AutoSelect is an algorithm that provides automatic 
selection or identi?cation of a complete set of attributes and 
enumerations of a rule based on a partial set of attributes and 
enumerations supplied by a user. AutoSelect may be imple 
mented as a process or a system that implements a process. 

[0034] To implement Autoselect, a rule modeler during a 
rule de?nition phase designs or builds a rule model While 
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assigning some attributes to be of the AutoSelect type. Once 
de?ned, an AutoSelect attribute may have tWo states, ?oating 
(denoted {FL}) or ?xed (denoted In certain cases, 
more than tWo states may be provided but the illustrated 
embodiments disclosed herein assume only tWo states. 

[0035] In the ?xed state, the user has made a choice of the 
value of an attribute so the particular enumeration value cho 
sen becomes ?xed. In the ?oating state, no value at all for the 
attribute is ?xed and the system or method according to the 
present invention automatically determines the appropriate 
enumeration value for the attribute and either selects the 
value(s) on behalf of the user or communicates the value(s) to 
the user. 

[0036] Complications, hoWever, may arise because enu 
meration values for AutoSelected attributes must be valid 
With each other and also valid With other, preferably all, 
user-selected enumerations. This implies that all valid com 
binations of such attributes are knoWn all the times. It is 
relatively easy to ascertain if any one combination is valid but 
to obtain all valid combinations is a more complex problem. 
This is similar to the Boolean Satis?ability Problem, Which 
has an NP-complete solution. NP-complete suggests that no 
polynomial solution is knoWn to exist. 
[0037] The example of FIG. 1 is used throughout this dis 
closure to describe the invention. The example concerns 
selecting/ de?ning components of a computer system bundle, 
e.g., a combination of compatible hardWare and software 
components for a computer system Where an end user (or 
purchaser) is provided With a number of selections. At some 
point after the user begins the component selection process, 
the system or method automatically chooses or suggests enu 
meration values for the remaining attributes (CPU, DVD, etc) 
that are valid With each other and also valid With prior user 
selections for the bundle. Afterwards, the user may ?ne-tune 
the selections by rejecting one or more of the automatically 
selected values by changing them to meet his or her particular 
needs. 

[0038] The graphical user interface of FIG. 1, i.e., a screen 
print 100, is presented to a user on a computer monitor. The 
initial state of enumeration selections shoWn is valid for all 
attribute groups, Which include Bundles (or quality), CPU 
speed, DVD speed, hard drive capacity, RAM memory capac 
ity, shipping company, and shipping method. Each such 
attribute has a number of enumerations. The initial group of 
attributes and enumerations having a compatible state, in the 
example of FIG. 1, de?nes a loW-quality or “cheap” computer 
bundle. Selection of the “cheap” enumeration in the 
“bundles” group causes other attributes, Which are AutoSe 
lected, to assume the most recommended valid combination 
of enumerations Within their respective attribute groups. As a 
Whole, the initial group of enumeration selections are the 
“cheap” selection in CPU type attribute box 102, “Pentium 
4-900 MhZ” in CPU attribute box 104, “1x” speed in DVD 
type attribute box 106, “120 Gig” selection in Hard Drive 
capacity attribute box 108, “512 MB” in RAM memory siZe 
attribute box 110, “USPS” shipping in shipper attribute box 
112, and “Ground” as the shipping method in attribute box 
114. The “?oating” icons 120 next to the AutoSelect attribute 
boxes 102-114 indicate that the attribute lays in a ?oating 
state, Which means that the system or method herein 
described automatically changes the preselected enumeration 
values based on alternative user selections. 

[0039] The icon can be either ?oating or ?xed (example of 
?x icon 122 is shoWn in FIG. 13). If the icon is ?xed, then the 
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attribute’s enumeration value is ?xed and cannot be changed 
automatically. To un?x the enumeration value, a user may 
click on the icon to toggle it back to ?oating. 

[0040] If the user selects the Best value for the enumeration 
in the Bundles attribute box 102, as indicated in FIG. 2, the 
rule processing system or method thereof automatically 
effects a change in ?oating enumeration values of the other 
attributes 104-114, also indicated in FIG. 2. With a single 
change in a user selection, the system or method advanta 
geously automatically selects the proper values for the other 
six attributes, such as, P6 for CPU type 104, 8><for DVD speed 
106, one hundred tWenty Gigs for hard drive capacity 108, 
one GB for RAM siZe 110, USPS for shipper identity 112, and 
Ground for shipping method 114. Thus, the AutoSelect algo 
rithm and/or apparatus implementing the same guarantees 
that all of the selections are valid together, and are also valid 
With the user selection. Since much Work in selecting valid 
hardWare/softWare combinations of the computer bundle is 
accomplished by the rule processing system, the user need 
only ?ne-tune the computer bundle. It should also be noted 
that even though examples described herein may refer to “all” 
elements, values, components, etc ., “all” need not be required 
to obtain the bene?t of the invention. 

[0041] In order to support the AutoSelect feature, AutoSe 
lect ZDDs may be built at the time of rule packaging and 
subsequently used by the execution engine at runtime to 
determine AutoSelect enumeration values for the various 
attribute. AutoSelect ZDDs are also used at runtime during 
advice determination. During creation of the rule, the mod 
eler speci?es Which attributes are to be AutoSelected. The 
modeler may also specify the AutoSelect Priority of the 
attribute. Other details of the process of model creation 
including the concepts of Attributes, Enumerations, and 
Packaging remain unchanged from the process described in 
the common-oWned, incorporated Ser. Nos. 10/ 101,151 and 
10/101 , l 54applications. 

Creating AutoSelect Components: 

[0042] During rule packaging, the rule modeler chooses 
Which attributes are to be AutoSelect attributes. Then, the set 
of other attributes related to the AutoSelected attributes is 
found. The union of these tWo sets identi?es the attributes 
involved in the AutoSelect feature. 

[0043] A next step involves splitting up of the involved 
attributes into groups of independent attributes called 
AutoSelect components. A standard transitive closure routine 
as described by Judith Gerstling, Mathematical Structures for 
Computer Science, Forth Edition, W. H. Freeman and Com 
pany (1999) is used to split up the attributes into the indepen 
dent groups. Later, at runtime, these AutoSelect components 
are processed to determine the valid combinations of AutoSe 
lected enumeration values. Splitting up the AutoSelect 
attributes into groups reduces the siZe of the AutoSelect com 
ponent ZDD. 

AutoSelect Components: 

[0044] FIG. 3 illustrates an example having seven attribute 
groups 0, 1, 2, 3, 4, 5 and 6. Attribute groups 0, 1, 2, 3 and 4 
(Bundle, CPU speed, DVD speed, Hard Drive capacity, 
Memory capacity) are interrelated by rules so the transitive 
closure routine places them into a ?rst AutoSelect compo 














