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Abstract. We report on the development of a general tool called NExSched, implemented as a plug-in for Microsoft 
Excel, for interactively solving a class of constraint satisfaction problems. The traditional spreadsheet paradigm is 
based on attaching arithmetic expressions to individual cells and then evaluating them. The NExSched system 
generalizes the spreadsheet paradigm to allow finite domain constraints to be attached to the individual cells that are 
then solved to get a solution. This extension provides a user-friendly interface for solving constraint satisfaction 
problems that can be modeled as 2D tables, such as scheduling problems, timetabling problems, product configuration, 
etc. NExSched can be regarded as a spreadsheet interface to CLP(FD) that hides the syntactic and semantic complexity 
of CLP(FD) and enables novice users to solve many scheduling and timetabling problems interactively. The NExSched 
system is operational and has been used to solve real-life, large constraint satisfaction problems. 
 
 
1 Introduction 
 
Resource allocation is a problem that arises quite commonly in industry, academia and government. A 
significant task in managing any project is managing and allocating resources effectively. However, these 
resource allocation problems are generally NP-hard in nature and therefore extremely hard to solve. 
Generally, they are modeled as constraint satisfaction problems (CSPs); typical instances of resource 
allocation problems---course scheduling, examination time-tabling, employee scheduling, product 
configuration---are all modeled as CSPs. CSPs are hard to solve using conventional means. Constraint 
based languages were designed to overcome these difficulties by relying on powerful constraint 
propagation and optimization techniques [7]. These techniques prune the search space and make the search 
for a solution faster. Consequently, languages such as CLP(FD) emerged as powerful means for solving 
NP-Hard Problems.  

Although CLP(FD) has emerged as a powerful paradigm, many people still use the traditional paper 
and pencil approach to solve scheduling and timetabling problems (e.g., not many departments at 
Universities use automated tools for designing the class schedule, most do it manually using a spreadsheet). 
One of the reasons for this, in addition to the problems being NP-hard, is the syntactic and semantic 
complexity of constraint languages. The fact that solution to many of the constraint satisfaction problems, 
especially those dealing with resource allocation, can be represented as a 2-dimensional table prompted us 
to develop spreadsheet-based interfaces for solving CSPs. The basic idea, developed in early 1990s [8], was 
based on the observation that for such tabular problems constraints on each cell, each row and each column 
are fairly regular in nature. Thus, one could develop an extension of spreadsheets in which  the user could 
directly enter the constraints in the spreadsheet cells, replicate them as needed, and solve them to obtain a 
solution, much as regular spreadsheets do with arithmetic expressions. This observation lead to the 
Knowledgesheet paradigm [8,1]. In other words, while the traditional spreadsheet paradigm is based on 
attaching arithmetic expressions to individual cells and then evaluating them, the Knowledgesheet interface 
instead allows finite domain constraints to be attached to individual cells that are then solved to obtain a 
solution. This extension provides an easy-to-use interface for solving a large class of constraint satisfaction 
problems, i.e., those whose specification and solution conforms to a 2-dimensional structure (e.g., 
scheduling problems, timetabling problems, product configuration, etc.). 

In this paper we report on our work on realizing the Knowledgesheet paradigm atop Microsoft Excel 
Spreadsheet [2,6]. MS Excel has been used for a long time for a variety of applications and has a well-
understood interface. Our implementation is realized through a plug-in for MS Excel called NExSched. 
NExSched acts as an interface between CLP(FD) and Microsoft Excel (the CLP(FD) engine, in our case 
SICStus, acts as the backend and MS Excel acts as the front end.) and thus enables even novice users to 
solve constraint satisfaction problems interactively. 



The NExSched system is operational and has been used for solving large CSPs. It has been used by the 
Department of Computer Science at UT Dallas to schedule more than 90 courses taught by 54 faculty 
members in 7 classrooms for the Spring 2007 and Fall 2007 semesters. It has also been used by the 
Department of Electrical Engineering at UT Dallas to schedule more than 70 courses taught by 50 faculty 
members in 6 classrooms for Spring 2007 and Fall 2007 semesters.   

The main feature of the NExSched system is that it can be used in an interactive fashion to solve a 
problem. It can be regarded as a man-machine interface for solving large CSPs. Typically, for large CSPs 
we are interested in a solution, not necessarily the optimal one, since finding a single solution itself is 
extremely hard. The NExSched system allows a user to solve problems in an interactive, piecemeal fashion 
as explained later.  

NExSched, developed in VBA, has many features that facilitate user friendliness. These features shield 
the complex SICStus CLP(FD) syntax  & semantics from the user. The tool works in four main steps:  

1. Takes user input/constraints from the excel spreadsheet and parses it. 
2. Converts the input into an executable SICStus CLP(FD) program. 
3. Executes the generated CLP(FD)  program using the back end SICStus engine. 
4. Displays the result of execution in the spreadsheet. 

NExSched provides a large number of  “buttons” with which built-in constraints (e.g., alldifferent, count, 
member, reified constraints, etc.) can be entered through mouse clicks.  

The NExSched interface also aids in ensuring that the user will model the problem in an effective way. 
While modeling a CSP, one has to avoid disjunctions as much as possible. By constraining the user through 
the spreadsheet interface, and by judiciously choosing the buttons for builtin constraints, the system forces 
the user to avoid “disjunctive thinking.” As mentioned earlier, the NExSched system has been used to solve 
extremely large & practical CSP problems.  

It has to be emphasized at this point that NExSched is an interactive tool that the user or programmer 
can use without having to have an in-depth knowledge of CLP(FD). The burden of modeling the problem 
in an appropriate manner to obtain proper results is still borne by the user; however, the abstractions 
provided by our tool help considerably. For the rest of the paper, we assume that the reader is familiar with 
CLP(FD) and the MS Excel Spreadsheet. 
 
 
2. The Knowledgesheet Paradigm  
 
When attempting to schedule events/resources the first response of most people is to represent the problem 
in a tabular form and start solving it using a trial and error approach. Indeed, most scheduling and 
timetabling problems can be conveniently modeled as a 2-d structure. The Knowledgesheet paradigm [1] 
for solving CSPs was inspired by the spreadsheet paradigm because it facilitates tabular way of 
representing problems.  The standard spreadsheet by itself is not enough to solve CSPs because it is limited 
to functions only. The main idea behind the development of Knowledgesheet was to generalize functions to 
constraints/predicates. The spreadsheet interface coupled with the capability of solving constraints led to 
the creation of the Knowledgesheet system.  

Knowledgesheet consists of a two dimensional array of cells. Each cell acts as an unbound finite 
domain variable. When a problem is to be solved, it is modeled as a two dimensional table, a finite domain 
is entered in each cell, and then further constraints are imposed by entering them in the cells. The 
Knowledgesheet system then gathers the input from the cells and converts it into an executable finite 
domain constraint logic program. The generated CLP program is then executed to print the results in an 
output file. Finally, the Knowledgesheet reads the output generated and displays it in the corresponding 
cells. Apart from this basic functionality, there are extra features which help in hiding the syntactic and 
semantic complexity of CLP(FD) from the novice users. Thus, the Knowledgesheet interface enables non-
experts to solve CLP problems in an interactive manner.  

Given the enormous popularity of MS Excel, an obvious step is to incorporate the Knowledgesheet 
paradigm within MS Excel itself.  This allows the power of CLP(FD) to be coupled with other standard, 
and highly useful, features of  MS Excel. While NExSched is based on the Knowledgesheet system [1], it 
adds a large number of enhancements to it. These enhancements were inspired by our attempt to model and 
solve large CSPs using our “table of constraints” approach. These enhancements are described in the rest of 
the paper. 
 



 
3 The NExSched Plug-In 
 

In this section we describe NExSched’s visual interface, followed by a description of how it works.   
 
3.1 Visual Interface  
 
The visual interface of our tool is the same as that of the normal Microsoft Excel spreadsheet except that it 
has a new menu item called “Solve Constraints” with various options. These options are divided into five 
major categories:  

1. Macros to facilitate copying cells/formulas with and without formatting  
2. Macros for some built-in functions  
3. Macros for Arithmetic Functions  
4. Macros for creating Auxiliary Tables 
5. Macros for solving the problem in one shot 
6. Macros for solving large problems in parts 

 
Macros for Copying  
 
The Macros for copying allow a user to enter a constraint in one cell, and copy them in any number of cells 
with the appropriate row/column transformation applied. The primary function of these macros is to 
improve the user-friendliness and save the user from having to type. Using these macros the user can 
program very complex problems just with a few mouse clicks.  
 

 
Fig.1. Macros for copying formulas/cells 

 
In other words, the user rarely needs to use the keyboard. Repetitive computations are performed by 
copying constraints from one cell to another with appropriate transformation applied (just like how 
standard MS Excel copies arithmetic expressions).There are two different ways of copying the cells as 
shown in Fig.1. 

1. To copy the entire constraint in a cell into the selected cells (appending at the end). 
2. To copy parts of the constraints in a cell into the selected cells (appending at the end).  

 
Macros for In-built Functions  
 
Macros for built-in functions allow the user to frame complex constraints without having to know the 
syntax of CLP(FD). There are five main in-built constraints.  

1. Alldifferent-To frame a constraint that says that all the selected cells are different  
2. Member-To say that a selected value should occur at least once in the selected cells  



3. Frequency/Count-To restrict the number of times a value can occur in the selected cells  
4. Sublist-To specify a list of values which should occur in the selected range of cells  
5. IF-THEN function – To specify constraint like IF (cell1 = value1) THEN (cell2 = value2) 

 
These functions are also available as buttons on a toolbar. So for example, to state that values in cells A1, 
B1 and C1 should be all different, the user will click on A1, then hold the CTRL key down and click on B1 
and C1, then click on the cell where this constraint is to be recorded, and finally select the button 
corresponding to the “all different” function. Note that these built-ins  

 
Fig.2. shows these four options.  

 

 
Fig.2. Macros for In-Built Functions 

 
 
Macros for Arithmetic Functions  
 
These macros assist the user for framing sum constraints without having to type them literally. The user can 
simply select a group of cells and use this macro to specify a constraint on the sum of the cells. There are 
two arithmetic functions:  

1. Sum equal to a particular value.  
2. Sum not equal to a particular value.  

 

 
Fig.3. Macros for Arithmetic Functions 

 



Macros for Creating Auxiliary Table 
 
The Auxiliary tables make modeling of the problem easier and more user-friendly. These macros provide 
facility to create two types of Auxiliary tables. 
 
Map Table 
 
These macros are mainly used to create tables which map non-integer domain values to integer. The 
domain values for any variable in CLP(FD) program should be integers. But in real life problems, the 
domain of variables are typically non-integers. For example, in Employee Shift Scheduling problem (see 
later), the employee can work Morning, Afternoon or Evening shift. Thus the domain of the employee 
variable is [Morning, Afternoon, Evening]. But in order to solve a CLP(FD) program these non-integer 
domain values should be mapped to some integer values, say, [1,2,3]. Using an auxiliary table the user can 
specify this mapping once and then can use the non-integer values as domain values while actually 
specifying the constraints. The mapping is done automatically for those constraints using the auxiliary 
table.  
 

 
Fig.4. Auxiliary Table for Domain Mapping 

Fact Table 
 
The Auxiliary table can also be used to specify Prolog-like facts, which are frequently needed to record 
information. The table name acts as the predicate name and the column entries act as the arguments of the 
predicate. 
 
Macros for Solving Problems in One Run 
 
Using the macros mentioned above, user can model the entire problem and generate a query. This query is 
framed from the Query Table. After all the constraints have been entered/copied in cells, the user will select 
the cells which hold the constraints he/she wants solved. These cells are referred to as the query table. Only 
the constraints in the query table will be solved (by the back-end Sicstus CLP(FD) engine) and the 
solutions obtained displayed. Execution of a query is done by selecting “Find Solution” button provided by 
NExSched macros available as toolbar buttons. When the user clicks on the “Find Solution” button, the 
system will gather all the constraints entered by the user, convert them to SICStus CLP(FD) program, and 
run it in the background. The solution generated by the SICStus engine is then displayed back into the 
Query Table (the user has to click the “Display Solution” button). NExSched also provides a toolbar button 
for going through all the solutions generated by the SICStus engine one by one (“Display Next Solution”).  
The various options that enable users to solve the table of constraints and display the results in the 
spreadsheet are: 

1. Find Solution-To generate and execute the CLP(FD) program.  
2. Display Solution-To see a solution.  
3. View All Solutions-To scroll through the solutions.  
4. Switch to Constraint Mode-To display the original constraints attached with the cells.  
5. Load Sample Problem-To load an existing problem code (similar to Prolog “consult”).  



 
 
 
Macros for Solving Large Problems in Parts 
 
NExSched is a man-machine interface to solve constraint satisfaction problems. Both the user and the tool 
interact and co-operate with each other to find a solution. This interactive nature is the most important 
feature of this plug-in which helps to solve large problems. Consider course scheduling at a Computer 
Science department that offers more than 120 courses, has more than 50 instructors and more than 10 
classrooms. For such a huge department, the whole schedule can not be generated in one shot. This is 
mainly because the search space is huge and even with efficient constraint propagation techniques, the time 
taken to solve the problem is unacceptably large. However, the interactive nature of the NExSched system 
allows users to obtain the schedule piecemeal while manually adjusting the choices. User can find a an 
agreeable solution for first 50 courses in one run using the options mentioned in the previous section, freeze 
this solution (perhaps after manually modifying some of the choices) and then solve the whole problem. 
Fixing a solution for subpart will make search space relatively smaller when the entire problem is solved in 
the next run. Note, however, that fixing a solution amounts to fixing certain choices, and the danger may be 
that no solution exists down that path. The user has to use his/her judgement and domain knowledge that a 
solution indeed exists in such a case. Alternatively, the  problem can be solved in a piecemeal fashion in the 
following manner: the user can set the instructors first, then the timings and then the classrooms. Another 
approach can be to divide the problem into N independent problems, solve each piece individually and then 
enforce global consistency.  
NExSched provide following macros through toolbar buttons that facilitate this flexibility of solving 
problems in parts: 

1. Store Constraints – this option allows user to store the entire problem (Query Table). This option 
is useful if the user wants to revert back to the original constraints at any time. 

2. Freeze Solution – this option allows user to freeze or fix the solution for the subpart that is solved. 
Next time the user solves the entire problem, this fixed part is not solved again, instead, the 
solution for it just imported. 

3. Retrieve Stored Constraints – this option allows users to revert back to the original large Query 
Table (constraint mode). 

The tool is also very flexible. In case there is no solution for the given set of constraints (clashing 
constraints) or the system is taking a very long time, then the tool allows users to (manually) relax some of 
the constraints (by temporarily deleting them) or reduce the size of the problem until a solution is found. 
The user can then gradually increase the size of the problem. 
 
3.2 Working of the Plug-In  
 
The Plug-In is basically a group of macros written in Visual Basic which works in the following way:  

1. The user can enter constraints into the spreadsheet either manually or using the macros provided 
(The Copy macros, Arithmetic macros and the In-Built-Functions macros). When the user uses the 
macros, the Plug-In takes the user input and converts it into appropriate constraints. The copy 
macros take an additional step of formatting the formula correctly depending on the cells to which 
the formula is copied (after making appropriate transformations). 

 
2. When the constraints are entered and the user presses “Find Solution,” the Plug-In parses through 

the constraints and turns it into an executable SICStus CLP(FD) program. The Plug-In transforms 
the constraints specified by the user into appropriate and efficient CLP(FD) constraints with 
correct syntax. This generation of syntactically complex CLP(FD) program is transparent to the 
user.  
For example, the user constraint ‘IF (cell1<value1) THEN (cell2 = value2)’ is transformed into 
efficient CLP(FD) reified constraint ‘cell1#<value1 #=> cell2#=value2’. This type of efficient 
constraint generation avoids any disjunction being entered in the constraint store. If there is a 
disjunction present in the constraint store then it inserts a number of choice points in the search 
tree. This results in huge search tree even for a reasonable size problem. This increases the time 



taken to search the solution in the search tree. The user doesn’t have to worry about all these 
technical details as the efficient constraint generation is automatic.  

  
3. The Plug-In then executes the SICStus program using a shell command. Depending on the 

constraints given, the SICStus program could execute immediately or take time to complete.  
 

4. When the user presses the “Display Solution” option, the Plug-In shows the result if the result is 
already generated. If the result is not generated yet or if the constraints don’t have a feasible 
solution, the “Display Solution” option prompts user to wait or relax some constraints. This macro 
reads the output file generated by the SICStus program and ports the values to the corresponding 
cells. In case the user wants to scroll through all possible solutions, the “View All Solutions” 
option can be used that keeps switching between all the solutions generated by the SICStus 
program.  

 
5. If for some reason, the user decides to review/change/relax the constraints he has given after 

seeing the solution. The “Switch Solution” option can be used that reads a temporary constraints-
file and writes the constraints back to the cells.  

 
4 Examples 
 
This section illustrates the ease of using this tool by explaining three examples.  

1. Employee Scheduling  
2. Recreational Puzzle (Sudoku) 
3. Course Scheduling 

Numerous other CSPs have been solved using the NExSched interface. These include cryptarithmetic 
puzzles, the carpooling problem, assigning teaching assistants to courses (based on TA skills and class 
enrollment constraints), etc. 
 
4.1 Employee Scheduling  
 
Employee scheduling problem involves planning the schedule of five managers Bill, Mary, John, Gary, 
Linda for a week [1] (for illustration purposes we restrict it for a week, in general, we would like to plan the 
schedule one month at a time).  
Problem description:  

1. There are three shifts, morning, midday and evening, each 8.5 hrs long.  
2. Each manager is supposed to work for 40 hours in a week.  
3. At least one manager must be present at any point of time, morning and evening shifts together 

cover the whole day.  
4. Each manager should get two days off each week.  
5. Each manager works no more than 8.5 hours a day (only one shift) which includes 0.5 hr of lunch.  
6. The manager who works in the evening shift cannot be scheduled for the following day’s morning 

shift.  
7. The schedule should be fair to all managers (every manager should have at least one morning, 

evening and midday shift).  
Fig.5. shows the constraints and Fig.6. shows the solution.  



 
Fig.5. Employee Scheduling Problem with constraints 

 

Fig.6. Solution for Employee Scheduling Problem 
 
4.2 Recreational Puzzle (Sudoku) 
  
In this section we demonstrate how one can use NExSched to model and solve recreational puzzles. 
NExSched can be used to create new puzzles or generate hints (partial solution) for puzzles such as 
Sudoku, cryptarithmetic puzzles, etc. It can also be used to check the validity of the answer. The well-
known Sudoku puzzle is described below. 



1. Enter the digits 1 through 9 in each cell of a 9 x 9 grid made up of 3 x 3 subgrids or regions. 
2. Digits should be entered in such a way that each row, column and region contains exactly one 

instance of each digit. 
3. The clues or ‘givens’ are the digits that are already fixed for some cells. These ‘givens’ restrict the 

placement such that there is only one way to correctly enter fill the remainder.  
 

 

 
Fig.7. Sudoku Puzzle Constraints 

   
Solution: 
Each of the cells in the 9 x 9 grid can take an integer from 1 through 9. Thus the domain of all these cells is 
[1..9], except for the ‘givens’. These domain constraints are entered using NExSched toolbar buttons. 
The cells having ‘givens’ are fixed to those particular values. These cells are highlighted in Fig.7.  
 
To ensure that there is exactly one instance of each digits in every column, one can use ‘alldifferent’ 
constraint: alldifferent([A1,A2,A3,A4,A5,A6,A7,A8,A9]). This constraint is replicated for all the columns 
using macros for copying. For row constraint, one can use alldifferent([A1,B1,C1,D1,E1,F1,G1,H1,I1]). 
Again this constraint is replicated for all the rows. To make sure that there is only one instance of each digit 
in every 3 x 3 subgrid, the user can attach ‘alldifferent’ constraints for the cells that together make the 
subgrids, e.g.,  alldifferent([A1,A2,A3,B1,B2,B3,C1,C2,C3]). The user can attach 8 more such constraints 
for the remaining 8 subgrids. The solution obtained is shown in Fig.8.  

Alldifferent([A1,A2,A3,
A4,A5,A6,A7,A8,A9]) 
(Column Constraints) 

Alldifferent([A1,A2,A3,B1,
B2,B3,C1,C2,C3]), … 

Alldifferent([A1,B1,C1,
D1,E1,F1,G1,H1,I1]) 
(Row Constraints) 



 
Fig. 8. Sudoku Puzzle Solution 

 
4.3 Solving Large Course Scheduling Problem Interactively 
 
These are the problems that can not be solved in one run. The size of such problems is so large that they 
create a huge search tree and thus finding a solution takes more than acceptable amount of time. For such 
problems NExSched provides functionality to divide the Query Table into smaller parts and solve them 
piecemeal. The first subpart is solved in the usual way. But after the solution is obtained the values are 
fixed for that subpart. Next in run 2, first two subparts are solved together taking into account fixed values 
for the first subpart. This reduces the overall search space as half the problem is already solved and the 
values of those variables already fixed. Of course, the user must have a pretty good idea that fixing the 
values for the first half of the problem will still lead to an over all solution. Then again the solution of run 2 
is fixed and so on. Thus, time to find a solution to large problems is sum of times required to solve all 
smaller subparts.  
   We tested this feature of NExSched for scheduling Spring 2007 courses at Electrical Engineering 
and Computer Science departments in The University of Texas at Dallas. These departments are one of the 
biggest departments among the US universities. Using NExSched for course scheduling in these 
departments has reduced time for this exercise from 40-50 man hours (done manually) to less than 5 man 
hours. The problem is described below. 

1. Schedule day and time for 75 classes offered in one semester.  
2. Instructors are already decided for each class.  
3. The classes can be assigned any one of the 27 day and time slots as shown in fig 9.  
4. Instructor for each course provides with a list of his/her  preferred timings (note: thes constitute 

the finite domain values). 
5. Different sections of the same course should not overlap. 
6. The classes should be scheduled taking into account that there are only 6 classrooms available in 

the department building. 
7. Two or more classes having same instructor should not be scheduled for the same time slot. 
8. For each class there is a list of classes that conflicts with it, i.e., they should not be scheduled for 

the same time. These conflicts can be due to reasons like ‘not all core courses can be offered at the 
same time’ or ‘not all 3000 level electives can be offered at the same time’. This conflicting list of 
courses is given for each class. 

 
 



 
Fig.9. Map Table for Course Scheduling 

 
Solution: 
The 27 day and time slots are mapped to integer values using an Auxiliary Map Table called ‘Domain’. 
This is shown in Fig. 10. The requested time slots for each instructor are added as domain values. See 
column H in Fig.10. To specify that two sections of the same course can’t be scheduled at the same time, 
one can use ‘alldifferent’ constraint. For example, cells H2 and H3 are two sections of the same course 
2300. Thus we can attach a constraint alldifferent([H2,H3]). See column L in Fig. 10.  To ensure that same 
instructor is not scheduled to teach two classes at the same time, one can again make use of ‘alldifferent’ 
constraint. Look at the constraint alldifferent([H4,H6]) attached in cell L4 in fig.10. This says that two 
classes that ‘Dodge N’ is teaching should be assigned different time slots. Similarly to make sure that 
conflicting classes are assigned different time slots we use ‘alldifferent’ constraint. Look at 
alldifferent([H7,H8,H9,H10]) in cell L7. This constraint takes care of two conflicting classes 3300 and 
3301. The number of classroom constraint can be attached by making sure that each time slot will not occur 
more than 6 times in the whole schedule i.e. for all 75 classes. This is applied using ‘count’ constraint 
count([1..27],[H2..H75],=<,6). This constraint puts restriction on values 1 through 27 (which represent 
time slots) that each value can occur less than or equal to 6 times in all the cells of column H (which 
represent the time variables). The solution produced by the user and the system as shown in Fig.11.  
 



 
Fig.10. Course Scheduling Constraints 

 



 
Fig.11. Course Scheduling Solution 

  
As mentioned earlier, NExSched provides flexibility of solving large problems in parts. If the Course 
Scheduling problem is taking unacceptable time to produce the results, then the user can solve few courses 
at a time, fix the results for them and then try and solve the whole problem. This approach is shown in 
Fig.12. The highlighted timeslots represent the fixed values that have been frozen via the “freeze solutions” 
button. 



 
Fig.12. Course Scheduling in Parts 

 
5 Related Work 
 
Generalizing Spreadsheet to constraints has been attempted by many researchers [3,4,5,9,10,11,12]. The 
most prominent of these are XcelLog [4] and PredCalc [3]. XcelLog [4] is a user-centered system which 
provides a spreadsheet interface to solve problems that require rule based deductions. We encounter many 
rule based problems in the real world, for example, business rules, configuration specifications, 
authorization, security policy configuration, vulnerability analysis, etc. Solving rule-based problems 
involves deducing a solution from a given input by following the rules. XcelLog allows users to specify the 
rules in the spreadsheet cells. The deductive spreadsheet specifications are then translated into simple logic 
programs. The deductive capabilities of a logic engine (in this case XSB Logic Programming System) are 
used to find the solution. XcelLog system allows end users (domain experts) to build and experiment with 
their rule bases themselves (no programmers are needed). This tool is implemented as a plug-in to 
Microsoft Excel and extends the capabilities of Excel with added power of deduction. Unlike NExSched, 
XcelLog does not associate each cell to a LP/CLP variable. Due to its basis in Tabled LP and XSB, 
XcelLog can be regarded as providing a spreadsheet interface for solving dynamic programming problems 
(whose solution can also be represented in a tabular fashion, much like tabular CLP problems).  

PrediCalc [3] is an attempt to link spreadsheet with logical engine in order to extend the abilities of the 
spreadsheet and remove some of the restrictions of the current spreadsheets. PrediCalc is very closely 
related to NExSched approach as it also allows general logical relations to be specified between different 
cells. PrediCalc also provides the ability of multi-directional propagation of values in formulas, i.e., it even 
allows for R.H.S. values to change when L.H.S. value changes. Another important aspect of PrediCalc 
which distinguishes it from NExSched spreadsheet is its database-like organization of cells into tables. 
Because PrediCalc uses structured names for cells, these tables may be queried as if they were database 
tables, while maintaining the ability to refer to a cell individually by name. Thus, PrediCalc bridges the gap 
between traditional databases and spreadsheets. In this way, PrediCalc provides greater benefits than 



traditional spreadsheets while preserving the key features of automatic calculation of values and ease of 
administration. PrediCalc has applications in data management, design, and configuration.  

PrediCalc, like XcelLog, uses the logical relations and deducing abilities of the logic engine and not the 
constraint propagation techniques. This makes NExSched more effective for solving CSPs.  

  
6 Conclusion and Future Work 
 
NExSched is a convenient, user-friendly and effective tool to solve constraint satisfaction problems. It uses 
spreadsheet (MS Excel) as front end and a finite domain constraint engine as a back end solver. It provides 
users flexibility and interactivity to model/develop large, complex scheduling and timetabling problems. 
The user can solve a scheduling problem without having to know the complex syntax of the underlying 
constraint language. The tool exploits powerful spreadsheet features such as entering formulae interactively 
and duplicating formulae with appropriate transformations. It also allows user to employ powerful 
CLP(FD) built-in constraints via tool bar buttons for solving complex problems. NExSched is a man-
machine interface: users and the tool co-operate to produce solution to a problem. It can be used for finding 
solutions piecemeal in an interactive manner. Users can also provide partial solution with the rest being 
computed by the tool.  
       The NExSched system is currently being used by the University of Texas at Dallas to schedule courses. 
The tool is also being commercially evaluated for use in designing computer networks. 
       There are many ways in which the NExSched system can be improved. Two aspects where we are 
concentrating our effort include:  

1. Providing functionality to prioritize constraints: for large problems with a large number of 
constraints, it is possible that there is no solution that satisfies all the constraints. Some of those 
constraints might be very important constraints and others might be just preferences. Thus if the 
user can specify which constraints are important and which are not, then the tool can automatically 
relax constraints during execution. 

2. Providing better representation of solutions: At present, solutions to problems are displayed when 
a user explicitly clicks on the “display solution” button. It would be desirable to have constraints 
propagated so that the domain associated with each cell is pruned as constraints are added by the 
user. These narrowed domains can then be displayed in the cells. 
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