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NOSTRADAMUS: A Knowledge-Based Forecasting Advisor  

ABSTRACT 

Selecting an appropriate forecasting method for a particular problem is 

an important and complex task. The research described here involves the 

development of a working, prototype expert system for guiding the user 

through this process. Knowledge-based, or "expert" computer systems are to 

date the most commercially practical outcome of research in the field of 

Artificial Intelligence. 	This paper (1) describes an expert forecasting 

system, called NOSTRADAMUS, and (2) outlines future work toward broadening 

and improving the knowledge and capabilities encompassed by this system. An 

expert system based approach offers the possibility of additional insight, 

and improvement in the theory and practice of forecasting and planning. 



NOSTRADAMUS: A Knowledge-Based Forecasting Advisor 

Forecasting methods differ considerably with regard to factors such as 

cost, ease of use and potential accuracy. Moreover, choosing and applying 

an appropriate forecasting technique for a particular problem is not a 

trivial task; it is a complex, "fuzzy" process of making trade-offs. The 

choice of technique is fundamentally important as it has direct impact on 

the benefits, costs and hence ultimate satisfaction associated with 

forecasting. 

NOSTRADAMUS, is a prototype expert system whose purpose is to assist 

non-expert forecasters in the selection and use of appropriate forecasting 

methods. 	An expert system approach for this application is motivated by 

primarily two factors. Firstly, as suggested above, forecasting is more an 

"art" than an exact science. 	A skilled forecaster is guided by the 

constraints of the problem and the characteristics of the various 

forecasting methodologies. While specific criteria do exist to suggest one 

method over another, a formai algorithmic approach, and hence a traditional 

computer programming methodology, is not well suited to this problem. 

Expert systems, on the other hand, are good at encompassing judgment and 

"rules of thumb". 

Secondly, the ability of the program to explain its behavior is 

important. 	That is to say, the user should be able to query the system at 

any time during a consultation session to ask, for example, why the program 

posed a particular question or how the system came to a certain conclusion. 

This explanation facility is crucial if the decision maker is to understand 



the process involved and the assumptions made in the system's reasoning. 

These are prerequisites in turn if the decision maker is to have faith in 

the final selection made by the program. 

AI and Expert Consultation Systems  

Winston (1979) defines Artificial Intelligence as "the study of ideas 

which enable computers to do the things that make people seem intelligent". 

He asserts: "The goals of Artificial Intelligence are to make computers more 

useful and to understand the principles which make intelligence possible." 

In working towards these goals, one outcome vas the development of a number 

of intelligent, knowledge-based consultation, or "expert" systems. 

Expert systems are proficient in well circumscribed areas, or 

"domains", that require a great deal of specialized knowledge. Perhaps the 

best known of these systems is MYCIN (Shortliffe, 1976), an interactive 

program which forms medical diagnoses and prescribes treatment for bacterial 

blood infections. Other applications include DENDRAL (Buchanan, Sutherland 

and Feigenbaum, 1969), which determines the chemical structure of a 

substance from its mass spectrogram and chemical formula, PROSPECTOR (Duda 

et al., 1978), a computer based consultant for minera). exploration, and R1 

(or XCON) (McDermott, 1980, 1981), a system Digital Equipment Corporation 

uses to configure their VAX computer orders. See Barr and Feigenbaum (1982) 

for descriptions of a number of these types of programs. 

Although the range of extant expert systems vary markedly in their 

application areas, features and architectures, expert systems are typically 

characterized by: (1) performance levels at, or exceeding, those of human 



experts in the problem domain, (2) the utilization of large amounts of 

domain specific knowledge, (3) the ability to use incomplete or uncertain 

information, (4) a degree of self-knowledge, and thereby the capacity to 

explain their behavior and (5) logical manipulation, as opposed to numerical 

manipulation (which typifies traditional computer programs). (See Hayes-

Roth et al., [1983] for an overview.) 

NOSTRADAMUS Operation Overview  

The general operation of NOSTRADAMUS may be described as follows. 

After receiving some general instructions, the user responds to a series of 

questions about the problem at hand. At each step, the system utilizes 

previous user responses and its own base of knowledge about forecasting to 

reach tentative conclusions and choose relevant subsequent questions. The 

program's inherent structure allows the user to interrupt the dialogue at 

any point to ask for sample answers to a particular question, solicit 

general help, or request an explanation of the program's reasoning. 

Further, the judgment and beliefs of the user may be incorporated as an 

integral part of the decision making process. The system is designed for 

use by people who are not experts in forecasting, but rather are 

knowledgeable about the environnent in which the forecast is to be made. 

During the session, NOSTRADAMUS may provide the user with comments 

and/or warnings. When the query session is completed NOSTRADAMUS displays a 

list of recommended forecasting methods, and additional suggestions as 

appropriate. 

NOSTRADAMUS considers the following forecasting methods: 



o simple exponentiel smoothing 

o simple linear exponentiel smoothing 

o Brown's quadratic exponentiel smoothing 

o Vinter's triple exponentiel smoothing 

o Box-Jenkins 

o decomposition 

o deseasonalized simple exponentiel smoothing 

o deseasonalized simple linear exponentiel smoothing 

o deseasonalized Brown's quadratic exponentiel smoothing 

o regression 

o Delphi 

o structured meeting 

o panel of experts 

o survey methods 

o role playing 

o scenarios 

o deductive bootstrapping 

o inductive bootstrapping 

o naive forecast 

For descriptions of these techniques see Makridakis, Wheelwright and 

McGee (1983) and Armstrong (1976). 

Knowledge Representation and Production Rules  

The expert performance of intelligent consultation systems is due in 

large part to powerful representations of large amounts of domain specific 



knowledge. 	A number of representation schemes exist; a good overview is 

provided in Barr and Feigenbaum (1981). One very common technique for 

representing knowledge in expert systems is via production rules -- 

essentially "if-then" clauses. 	Production rules in the MYCIN system are 

discussed in Shortliffe (1976) and Davis, Buchanan and Shortliffe (1977). 

An example rule from the MYCIN system is shown below: 

IF: 
(1) the infection is primary bacteremia, and 
(2) the site of the culture is one of the sterile sites, and 
(3) the suspected portal of entry of 	the organism is the 

gastrointestinal tract 
THEN: 

there is suggestive evidence (0.7) that the identity of the organism 
is bacteroides. 

When the premises ("if" clauses) of a particular production rule are 

satisfied, the conclusion of the rule may then be instantiated, or "fired", 

thereby changing the system's working memory concerning the current problem. 

The MYCIN knowledge base is composed of hundreds of rules with this.  

format. 	Clearly some process is required to determine the firing order of 

the rules. The "control structure" of a production rule based expert system 

determines the strategy by which rules are examined. One strategy, termed 

"backward chaining", or "goal directed", inspecta rule conclusions: rules 

are selected based upon their ability to satisfy sub-goals on the path to 

the final solution. In "forward chaining", or "data directed" systems, rule 

premises are screened, and any satisfied rule is a candidate for firing. 

(For a more thorough treatment of production rule control structures see for 

example, Winston [1979, chapter 6].) The MYCIN approach is to use a goal 

directed inferencing mechanism. 



Note that in the example MYCIN rule given above a "certainty factor" of 

0.7 is associated with the conclusion of the rule. The certainty factor is 

one mechanism by which human judgment may be incorporated into the 

production rule formalism. During a consultation, for example, a response 

may be qualified by including a certainty factor reflecting a measure of the 

useras conviction in that response. 	This model of inexact reasoning is 

described in Shortliffe and Buchanan (1975) and Shortliffe (1976). 

The differences between a traditional computer program and a production 

rule based system are striking. A conventional program consists of a 

rigorously ordered set of intructions. Each line of the program is followed 

in sequence, line by line, unless the program instructs otherwise (with for 

example a "GO TO" statement). A rule based system, on the other hand, is 

composed of fundamentally two distinct parts: the set of rules (the 

knowledge base) and the directions for accessing the rules (the control 

mechanism). The order of the rules is relatively unimportant. Altering the 

program thus consists of adding, deleting or modifying rules. This 

structure allows not only the relatively straightforward updating of the 

knowledge base, but it may be seen that on-line explanations may be 

facilitated by simply displaying the appropriate production rule(s). 

The choice of an appropriate representation is an important part of 

developing an expert system. As mentioned above, the MYCIN framework is one 

of a number of possible representation schemes. It is particularly well 

suited for diagnosis problems. (Hayes-Roth et al. [1983] discuss MYCIN and 

a number of other environments.) 	It was deemed appropriate to cast 

NOSTRADAMUS in a MYCIN mold as one may view the forecasting method selection 



process which may be characterized as a time series. These properties 

suggest utilizing some sort of smoothing technique for forecasting. Assume 

further that since the process is yet to "coure on line" no data are 

currently available. 	A smoothing technique could not possibly be feasible 

then, since these methods rely on using existing data for prediction. 

Separating suggestibility and feasibility allows NOSTRADAMUS to advise the 

user to employ some naive method for forecasting the initial values, and 

then switch to the appropriate smoothing technique once sufficient data 

become available. 

With this methodology, the following circumstances and their 

implications are possible. 

o Case I - Suggested and Feasible: These methods are recommended highly 
to the user. 

o Case II - Suggested and Not Feasible: NOSTRADAMUS may suggest ways to 
ultimately utilize the method as part of its recommendations. 
Alternatively, given the current options, the user may simply decide 
to commit appropriate resources to make a suggested method feasible. 
(This may entail collecting additional data, assembling expert 
opinion or delaying the decision deadline, for example.) 

o Case III 	Not Suggested and Feasible: An example in this category 
might be certain complex methods which have generally failed to show 
their superiority over simpler methods in empirical studies. While 
these methods might produce reasonable forecasted values, unless the 
user has a particular reason for using them (i.e., familiarity, 
fondness, attempting to please the boss) a simpler method would 
likely be preferred. (Note that if the user's unlikely preference is 
picked up by NOSTRADAMUS during the consultation session, an 
otherwise not suggested method may be deemed suggested.) 

o Case IV - Not Suggested and Not Feasible: Obviously these methods 
are not recommended. 

Note that final selection is still up to the user; NOSTRADAMUS merely 

determines and displays the relative merits of each method. This explicit 



enumeration phase allows the user to better understand the pros and cons 

involved in making the final choice. For example, the user is in a much 

better position to weigh the cost-benefit of making a suggested but 

infeasible method feasible once the suggested and feasible methods have been 

listed. 	(Consider the scenario in which no methods are suggested and 

feasible versus one in which several methods are suggested and feasible.) 

Clearly, one's decision frequently depends on knowing what one's options 

are. 

Suggested Forecasting Methods  

Forecasting methods fall into three general categories: time series, 

causal, and judgmental approaches. NOSTRADAMUS considers about a dozen time 

series methods, one causal technique (regression) and several judgment 

methods. 

In order to determine if a particular time series method is suggested, 

NOSTRADAMUS first tries to decide if a time series approach in general is 

indicated. 	That is, NOSTRADAMUS considers a time series approach to be 

suggested if either 1) there are historical time series data which are 

currently available, and the process generating the data has not changed in 

such a way as to make the data irrelevant, or 2) no historical data are 

available, but the item under consideration may be modeled as a time series 

process and historical information for this process, if available, would be 

relevant for prediction. 

If a time series approach is indeed suggested, then a determination of 

the data pattern is attempted in order to establish which time series method 



in particular should be suggested. The manner in which the data pattern is 

determined is discussed in a later section. 

Current research in the field of forecasting indicates that causal and 

judgment methods generally do not necessarily outperform simple time series 

approaches (Makridakis et al., 1982). With this in mind, NOSTRADAMUS checks 

for the existence of the following conditions which tend to suggest the use 

of causal forecasting models: 

o 	A time series method is not suggested, 

o A priori theory indicates causal relationships exist between the item 
to be forecast and independant variables, 

o Large changes are expected in the item to be forecast, 

o The user wishes to use a causal model. 

For elaboration, see Armstrong (1976). 

Before checking to see if individual judgment forecasting methods are 

suggested, NOSTRADAMUS first determines if a judgment approach is suggested. 

(The idea here is much the same as that for time series methods.) A 

judgment approach is suggested when 1) both time series and causal methods 

are not suggested, or 2) both time series and causal methods are not 

feasible. In cases where time series or causal approaches are suggested but 

not feasible, NOSTRADAMUS will recommend using a judgment method for the 

moment, but will suggest the user tries to collect sufficient data to make a 

quantitative method feasible. 

Once a judgment approach is deemed suggested, each individual judgment 

method is marked suggested with certainty factors appropriate to their 



usefulness. 	For example, a Delphi approach will be strongly suggested for 

long range forecasts for important problems, less so for short range 

forecasts for relatively unimportant problems. 	For a naive method, the 

situation is reversed. 

Feasible Forecasting Methods  

Recall that the term feasible here refers to whether the minimal 

requirements for the application of a particular forecasting method are met. 

For a time series technique, NOSTRADAMUS insists that there be sufficient 

appropriate data. 

Regression is a feasible technique if 1) there are an adequate number 

of observations for the item to be forecast and the corresponding 

independent variable(s), and 2) the values of the independent variables can 

be predicted with some degree of reliability. 	The latter requirement 

assures that the regression model developed can indeed be used for 

forecasting. 

Determining feasibility for judgment methods is a bit more tenuous 

process. 	For each judgment method NOSTRADAMUS essentially asks the user if 

adequate resources are available for the application of the method. For the 

Delphi method, for example, this involves having the user decide if 1) 

experts can be located and their participation obtained, 2) sufficient time 

exists for the method to be applied, 3) and the cost of developing the 

Delphi forecast is justified. 

Data Pattern Analysis 



Selecting an appropriate forecasting method crucially depends upon 

correctly identifying the pattern of the data. Should the data be 

considered seasonal? Is there a trend? Is the trend linear or exponentiel? 

Pattern identification is not quite as easy as it might seem. In their 

handbook for the SYBIL/RUNNER computer programs, Makridakis and Wheelwright 

(1978) state: "There are not, however, any statistically-based rules to 

determine the level of stationarity, the existence of seasonality, and its 

length. 	Intuitive judgment is required. The program tries to substitute 

for this in a way that is not always successful. The user should therefore 

check the conclusions reached by the program." Difficulties and 

disagreements concerning appropriate model identification in the Box-Jenkins 

forecasting procedure have been evident in the literature for quite some 

time. (See for example the article by Chatfield and Prothero [1973] and the 

accompanying comments, as well as Jenkins [1982].) In NOSTRADAMUS the 

pattern recognition problem is simultaneously attacked by both the human 

operator and the computer; that is, while the computer guides the user via 

appropriate questions and comments, the user in turn provides NOSTRADAMUS 

with judgments based upon visual inspection of the data and knowledge 

regarding the forecasting environnent. 

This process of pattern identification is based upon autocorrelation 

analysis, a standard methodology for time series forecasting. This analysis 

involves examining crucial patterns in the plot of the autocorrelations of 

the data, and in similar plots for the first and second differences of the 

data if necessary. 	NOSTRADAMUS will assist the user in autocorrelation 

analysis unless there are insufficient data, or the user does not wish to 



undertake the task. Under these circumstances, the user is directly asked 

to supply a best estimate of the data pattern. 

The actual process of applying autocorrelation analysis is rather 

complicated, though the general ideas are familiar to many non-expert 

forecasters. 	With this in mind, NOSTRADAMUS assumes the user who wishes to 

proceed with autocorrelation analysis essentially needs to be guided through 

the details of the process, but that overall concepts and jargon are 

understood. (Autocorrelation analysis requires that the user have access to 

some facility for calculating and plotting the autocorrelation data. A 

simple routine using Digital Equipment Corporation's D13000 graphics package 

was developed for use in conjunction with NOSTRADAMUS.) 

NOSTRADAMUS in effect tells the user what to look for in the 

autocorrelation plots, and then interprets what the user sees; a direct 

evaluation of the autocorrelations is not performed by the system. 

NOSTRADAMUS' modus operandi is a standard one: first determine at which 

level of differencing the data are stationary 	this establishes the type of 

trend evident in the data - then look at the stationary autocorrelations to 

determine seasonality. 

Data Appropriateness  

A forecasting model is only as good as the data it uses. NOSTRADAMUS 

tries to prevent the misuse of data by performing appropriate pre-processing 

checks before further analysis is allowed to proceed. During this phase, 

the user is advised to check the data for such things as consistency, 

validity and the presence of outliers. 



o During outlier analysis, for example, the user is instructed to (1) 
examine the data for observations which are unusual, (2) determine an 
assignable cause for each such observation and (3) take the 
appropriate action specified by NOSTRADAMUS, based on the assignable 
cause. 

o NOSTRADAMUS encourages the user to visually inspect the data to 
determine if some logical break in the pattern occurs, particularly 
if the user has some a priori information which would suggest such a 
break, i.e., the process represented by the data was known to have 
fundamentally changed at some point. Given such circumstances, it 
may be vise to discard data prior to the break. 

Consistency analysis includes the following processes. 

o If the data are measured in some currency, then the user is asked 
whether or not inflation or devaluation has had a significant effect 
on the values observed. If so, NOSTRADAMUS suggests using constant 
dollars (or francs, deutschmarks, yen etc.). 

o NOSTRADAMUS checks with the user to make sure that the "counting" 
process has remained consistent during the course of data collection. 
The system must be assured, for example, that if the data describe 
categories of items, the types of items included in each category 
have not changed over the course of the data collection. 

o Given monthly data, NOSTRADAMUS warns the user to account for the 
variation in number of days in a month, particularly if the data are 
collected only on business days. 

Additional Guidance  

NOSTRADAMUS provides a broad range of guidance for the user. This 

section describes content areas of NOSTRADAMUS not yet explicitly touched on 

in this paper. 

o Combining forecasts may be recommended as a way to improve accuracy. 

o Quantitative methods are preferred to qualitative methods. 

o NOSTRADAMUS will generally not suggest a causal method over a non- 
causal method. 	An exception is made when the desire for some 
understanding of the mechanics of the process is expressed as one of 
the goals of the user. 



o NOSTRADAMUS may suggest other ways of looking at the forecasting 
problem. 	For example, for long range and judgmental forecasting, 
decomposing the problem and forecasting for each component item is 
attempted. 

Item-Advice  

At times, it is valuable to look at the item to be forecast in 

différent ways. 	For example, if it is part of some larger item, and its 

proportion of the larger item can be estimated, it might be worthwhile to 

forecast the value of the larger item, and then extract the component that 

is actually of interest. (Consider the case for example, where the item to 

be forecast is total company sales. If the company normally maintains a 

fairly constant market share, then forecasting the total market would 

obviously be a good way at getting at the company's sales.) Conversely, if 

the item to be forecast is an aggregate value of a number of sub-items, it 

might be valuable to forecast for each sub-item and then sum these forecasts 

to obtain the desired forecast. 	A third possibility is applicable for 

forecasting the future value for an item whose current value is unknown. 

Under these circumstances it might be worthwhile to estimate (or "forecast") 

the current value and then forecast the change expected. 

Item-Advice is provided after the system's completion of its 

forecasting analysis on the original item. The user may rerun NOSTRADAMUS 

on the alternative item suggested, if so desired. 

Further, NOSTRADAMUS only undertakes to determine Item-Advice if one or 

more of the following conditions are met: 

o The forecast horizon is long term, 

o The forecast is very important, 



o A judgment approach is suggested, 

o The user wishes to investigate alternative items. 

These conditions preclude NOSTRADAMUS going through item analysis for simple 

problems where straightforward forecasting of the original item is 

satisfactory. 

It may occur to the reader that item analysis should properly occur at 

the outset of forecast problem solving; that is, first one should decide 

what is to be forecast. 	In fact, deciding on exactly what should be 

forecast may be a difficult problem. Consider, for example, a case in which 

the user needs forecasts for an inventory control problem involving 10,000 

items. Should separate forecasts be developed for each item? If so, and if 

these forecasts need to be revised "frequently", clearly a completely 

automated method must be employed. Alternatively, perhaps the items can be 

classified into more manageable groups on the basic of importance or 

similarity of behavior, and forecasts made for each group. This type of 

pre-processing of the problem, may be incorporated in a future version of 

NOSTRADAMUS. 

Additional Comments  

Under circumstances where the problem calls for judgment forecasts 

and/or long range forecasts, NOSTRADAMUS will advise the user that use of 

more than one method is suggested. 

Recommendations 



When ail processing of the problem has been completed, control is 

passed to a simple routine which prints out the recommendations concerning 

forecast methods and (if applicable) the item advice and comments the system 

suggests. After the recommendations have been displayed, the user may 

obtain additional assistance and explanation through use of the "help" 

functions (aside from "why") described earlier. 

Exhibit 1 provides an outline of the major steps in NOSTRADAMUS' 

analysis. 	(Note that this is a general sketch of the system's procedures 

and does not represent the order of processing as seen from the perspective 

of a user interacting with the program.) 

EXHIBIT 1 ABOUT HERE 

Future Research  

Ideas for future research are either directly related to the present 

stage of the project or are more far reaching. The following research 

directions are based on a two pronged objective: (1) to upgrade NOSTRADAMUS 

to the point where it can more readily be used by "typical" forecasters, and 

(2) to use the forecasting domain as a proving ground for research in expert 

decision support systems. It should be noted that the first goal feeds into 

the successful realization of the second. Each area for future work listed 

here satisfies one or both of these goals. 



The next version of NOSTRADAMUS vin utilize higher level software in 

an effort to improve input/output facilities and ease updating and 

modification of the knowledge base. Further, a non-MYCIN framework vill be 

examined in an attempt to explore the ramifications of alternative control 

structures for the forecasting domain. 

A drawback in the current version of NOSTRADAMUS is that it does not 

interact directly with.•other software packages. Providing the facility to 

easily communicate with data bases, and graphics, statistics and forecasting 

routines is a top priority. Work here will extend the range of NOSTRADAMUS' 

expertise to more specific knowledge about particular forecasting 

techniques; that is, once a particular method has been selected for use, 

NOSTRADAMUS would have the capability to oversee the user's application of 

the method. This research direction parallels current work in expert system 

applications for statistics (See Gale [1985], for example.) 

An area of immediate research to follow on from this, vill be 

the investigation of ways this type of expert consultant may be used to 

help users recognize pattern changes in forecasting data. This area is of 

critical importance in forecasting. 

As expert systems are highly resource intensive to build and maintain, 

their restriction to a narrow domain particularly limits the likelihood and 

usefulness of their introduction to the business environment. Further 

research attempts will surely inc.lude attempts at moving towards a 

"general", expert, decision support system framework. The focus of this 

research will be on the "intelligence" phase of decision making; how. can 



expert systems help decision makers articulate the problem at hand in ternis 

amenable to solution? 

Human beings are not necessarily good at making global, intuitive 

decisions (see Dawes, 1986); it is not uncommon for very simple mathematical 

models to outperform human problem solvers in a Ovide variety of 

computational and non-computational tasks. 	Frequently, poor human 

performance is due to well known cognitive limitations. 	In ternis of 

management decision making, these limitations include such phenomena as 

misinterpretation of probabilistic information, incorrect weighting of 

historical data and overconfidence in subjective judgment. NOSTRADAMUS 

accomodates these difficulties when it weights personal judgments provided 

by the user, and in its verbal instructions to the user for carrying out 

specific tasks. Further research is warranted on ways for expert systems to 

provide checks to prevent or minimize these errors. 

Finally, the remarkable successes of expert systems in certain 

applications suggest the enhanced use of computers in the management 

setting. Implementation of this technology poses interesting organizational 

questions. 	From the purely pragmatic perspective of management, what 

barriers oppose the introduction of expert decision support tools in the 

organization? How can these barriers be overcome? 

Conclusions 

A good deal of forecasting knowledge has been amassed in an accessible 

form as a result of this research. Knowledge, in and of itself, it has been 



said, is a valuable resource. NOSTRADAMUS' knowledge base is particularly 

worthy for two reasons. 	First, expertise in forecasting is a scarce 

commodity. 	Secondly, forecasting plays an important role in a vide variety 

of applications. 

Expert systems are not created in a single pass; that is, their 

expertise is accumulated and fine tuned during an iterative process of trial 

and error. 	NOSTRADAMUS provides the important first step in this process. 

The anticipated ultimate product of this research would allow for widespread 

distribution of forecasting expertise. 

Finally, as a prototype expert system, NOSTRADAMUS allows for explicit 

examination of the performance of its procedures. 	The potential for 

improvement of the general state of the art of selecting and implementing 

appropriate forecasting methods may thereby be facilitated. 
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