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(57) ABSTRACT 

Methods and apparatus, including computer program prod 
ucts, implementing and using techniques for determining a 
quantity to be produced for each of two or more product types, 
where each product type is specified by one or more charac 
teristics. An input specifying a desired distribution of the total 
quantity among the one or more characteristics is received. If 
the desired quantity to be produced of a product type is a 
non-integer value, the desired quantity is rounded to an inte 
ger to generate a final quantity to be produced for each prod 
uct type. The final quantity preserves both a total quantity and 
the desired distribution of the total quantity among the one or 
more characteristics. 
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DETERMINING VALUES FOR 
CHARACTERISTIC VALUE COMBINATIONS 

BACKGROUND 

0001. This invention relates to determining characteristic 
combinations in a production environment. Many products 
exist in different configurations, such as different colors, dif 
ferent sizes, different models, or combinations thereof. A 
product manufacturer is typically interested in producing a 
certain number of products of each configuration. A simpli 
fied example of a typical situation is as follows. 
0002 Assume that a car manufacturer produces cars of 
three colors; red, green and blue. During a given week, the 
manufacturer would like to produce a total of 10 cars that are 
as evenly distributed among the three colors as possible. If the 
total number of products to be produced in a given day is of 
the same or lesser order of magnitude as the number of com 
binations, or if the resulting characteristic combinations have 
to be represented as integers, problems can occur. For 
example, if the 10 cars are to be produced in five working 
days, the number of cars produced per day is two, and the 
manufacturer would have to produce 2/3 or 0.67 cars of each 
color per day, which is not possible. 
0003. In existing systems, this problem is typically solved 
by rounding the values up or down to the nearest integer. 
Thus, the production on day 1 is determined as follows. The 
desired 0.67 red cars is rounded up to 1.0 car. The difference 
between the produced number and the desired number, -0.33, 
is added to the 0.67 green cars to be produced, giving a total 
of 0.34 green cars. This number is rounded down to 0 green 
cars. The difference 0.34 is added to the 0.67 blue cars to be 
produced, giving a total of 1.01 blue cars. This number is 
rounded down to 1.0 blue cars. This yields ared car and a blue 
caronday 1. If the same method is repeated each working day, 
and at the end of the week, a total of 10 cars have been 
produced, five of which are red and five of which are blue. No 
green cars will be produced during the entire week. Even 
though 10 cars have been produced, the distribution among 
the three colors does not satisfy the original intentions to have 
the cars distributed as evenly as possible among the three 
different colors. 
0004 An alternative rounding algorithm rounds the value 
0.67 for each color up to 1. However, the individual rounding 
results in a change of the total sum to 15 instead of 10, thereby 
exceeding the desired subtotals for each combination of char 
acteristics. As can be seen, both the above-described rounding 
procedures are inconsistent, and the results are therefore often 
corrected manually after the initial result has been produced, 
which can be a very time consuming task, or may not even be 
possible when there are a large number of characteristics. 
0005. It should be noted that the problem described above 

is particularly prevalent for cases where the desired number 
of items is of the same order of magnitude as the total number 
of combinations. The two rounding procedures described 
above work better if the total value to be disaggregated is 
much larger than the number of combinations. 

SUMMARY 

0006. In general, in one aspect, this invention provides 
methods and apparatus, including computer program prod 
ucts, implementing and using techniques for determining a 
quantity to be produced for each of two or more product types, 
where each product type is specified by one or more charac 
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teristics. An input specifying a desired distribution of the total 
quantity among the one or more characteristics is received. If 
the desired quantity to be produced of a product type is a 
non-integer value, the desired quantity is rounded to an inte 
ger to generate a final quantity to be produced for each prod 
uct type. The final quantity preserves both a total quantity and 
the desired distribution of the total quantity among the one or 
more characteristics. 

0007 Advantageous implementations can include one or 
more of the following features. An input specifying a total 
quantity of products to be produced can be received. A desired 
quantity to be produced can be determined for each product 
type, including using the total quantity and the distribution of 
the total quantity among the one or more characteristics. 
Rounding can include rounding the desired quantity to an 
integer to generate a final quantity using previously rounded 
quantities for other product types having one or more of the 
same characteristics. 

0008 P characteristics can span a p-dimensional space 
and product type is defined as a point in the p-dimensional 
space, the point being determined by a combination of values 
for each of the p characteristics. Including previously 
rounded quantities can include calculating a difference func 
tion for each dimension, the difference function using previ 
ously rounded quantities and using the calculated difference 
functions when rounding the desired quantity to an integer to 
generate a final quantity. 
0009 Rounding can include using an integer function fx, 
y intX+y, where X is the desired quantity and y is the Sum 
of the calculated difference functions, and where the integer 
function keeps the integer part of the sum of X and y and 
discarding the fractional part of the Sum X-ty. Rounding can 
include using arounding function fix, y rx+y int(x+y)+ 
0.5, where x is the desired quantity and y is the sum of the 
calculated difference functions, the rounding function round 
ing the Sum of X and y up or down to a nearest integer value. 
Rounding can include using a bounded rounding function 
fx, y)=b rx, y-rx--max-0.5, 0.5-e; y, where x is the 
desired quantity and y is the sum of the calculated difference 
functions and e is a small non-Zero value depending on the 
precision of the number X, the maximum function max X1, 
x2; y having the value -0.5 wheny is smaller than -0.5, the 
value y wheny is between -0.5 and +0.5, and the value +0.5 
when y is larger than +0.5. 
0010. In general, in one aspect, this invention provides 
methods and apparatus, including computer program prod 
ucts, implementing and using techniques for determining a 
quantity to be produced for each of two product versions. 
Each product version is specified by two characteristics. An 
input specifying a desired total quantity to be produced, a 
number of discrete time periods over which the total quantity 
is to be produced, and a desired distribution of the total 
quantity among the two product versions is received. The 
desired total quantity is divided into a desired quantity for 
each discrete time period, while maintaining the desired dis 
tribution among the two product versions. For each discrete 
time period, if the desired quantity to be produced of a product 
type during the discrete time period is a non-integer value, the 
desired quantity is rounded to an integer to generate a final 
quantity to be produced for each product type during the 
discrete time period. The rounding accounts for final quanti 
ties that have been determined for previous discrete time 
periods. The final quantity preserves both the total quantity 
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and the desired distribution of the total quantity among the 
two characteristics at the end of the discrete time periods. 
0011. The invention can be implemented to realize one or 
more of the following advantages. An improvement in accu 
racy over existing distribution algorithms is accomplished, 
where the historical distribution of each characteristic is taken 
into account. The total number of products to be manufac 
tured, as well as the numbers of products for each character 
istic value is preserved. When a characteristic combination is 
calculated, the calculation looks at how each of the charac 
teristics involved in the combination has been distributed 
among the previously calculated characteristics. The algo 
rithm is efficient, and is capable of handling a very large 
number of characteristic combinations. The improved round 
ing method can be used to give better results in a number of 
applications, such as demand planning applications for sup 
ply chains, including characteristics-based forecasting (CBF) 
applications, which are used to forecast configurable prod 
ucts. In a CBF environment, the total number of produced 
items is typically of the order of magnitude of the number of 
combinations and it is very important that the rounding is 
consistent. The individual characteristic values are typically 
given and the values for the characteristic value combinations 
are calculated by multiplying the individual proportions for 
characteristic values, for example, 33% red cars and 20% 
total production on a given day gives that 6.6% of the total 
number of cars should be manufactured in the color red on 
that day. The multiplication often leads to a distribution that 
makes the results of an inconsistent rounding procedure strik 
ing, and can be avoided with the inventive rounding algo 
rithm. Furthermore, there is no need for to manually modify 
ing any of the combinations. 
0012 Values can be rounded with respect to time disag 
gregation in connection with characteristic values combina 
tions, since a time series can be processed as a generalized 
characteristic, just like color, model, size, and so on. Time 
disaggregations are common in various types of existing pro 
duction planning software, and are typically considered inde 
pendently of characteristic values combinations, which lead 
to the problems mentioned above. 
0013 The details of one or more embodiments of the 
invention are set forth in the accompanying drawings and the 
description below. Other features and advantages of the 
invention will become apparent from the description, the 
drawings, and the claims. 

DESCRIPTION OF DRAWINGS 

0014 FIG. 1 is a flowchart showing a rounding process in 
accordance with the invention. 
0015 FIGS. 2A-2D show a three-dimensional space in 
which the rounding process can be applied. 
0016. Like reference symbols in the various drawings 
indicate like elements. 

DETAILED DESCRIPTION 

0017. The method for determining values for characteris 
tic combinations is based on two fundamental parts; an 
accounting algorithm and arounding algorithm. The account 
ing algorithm takes into account the contributions to the total 
Sum from the previously determined combinations and 
ensures that the total number of produced items is correct, as 
well as the partial sums for each of the different characteris 
tics (each color and each day in the above example). The 
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rounding algorithm is used for calculating the result for each 
new element. It is assumed that the number of characteristics 
is p, and the characteristics are represented in a p-dimensional 
cube. 
0018. The Accounting Algorithm 
I0019. An exemplary implementation of an accounting 
algorithm will now be described. First, the accounting algo 
rithm will be described from a mathematical point of view, 
and then an exemplary computer program implementation 
will be described. 
(0020 Each characteristic n (n=1 ... p) can have N pos 
sible values. If the color of the car in the introductory example 
is designated as characteristic 1 and the day is designated as 
characteristic 2, then N=3 and N=5. Each combination of 
characteristics is obtained by enumerating the characteristics 
and the values of the characteristics and representing the 
combinations by p integer values (i1, ... , i.). If some com 
binations are not possible, the combination can still be 
included but be assigned the value Zero. 
I0021) If the original values to be rounded are represented 
by a(ii. . . . . i.) and the resulting values are represented by 
b(i..... i.). Smaller elements to aci. . . . . i.) are defined as 
elements a(j,...,j) for whichjsi, for n=1,..., p, and for 
which j<i, for at least one n, since the elements otherwise 
would be identical. Smaller elements represent characteristic 
combinations that need to be taken into account when the 
value of a subsequent characteristic combination is deter 
mined. In the two-dimensional case the smaller elements of a 
given element are the elements that belong to the lower num 
bered columns and rows than the element to be calculated. In 
the accounting algorithm all the rounding differences for the 
Smaller elements are taken into account in the following way. 
0022. For each dimension, a difference function d is cal 
culated as: 

d,(i1,..., ip) n-..... e. dn(i1, . . . . in-1 in lin-1, 
., ii)+(a(i1, ..., in-1,i-1,i,-1,i, 1,..., i)), 

0023 for all n=1,..., p. 
0024. The lower boundary values of the differences and 
the original elements are given by: 
I0025 d(i,..., ii)=0 ifi, 0, for all m=1,..., p and for 
all n=1,..., p. 
I0026) a(ii, ... , i.)=0 if i=0, for all m=1,...,p 
I0027) b(ii,..., ii)=0 ifi, 0, for all m=1,..., p. 
0028. The Rounding Function 
(0029. The result b(ii. . . . . i.) for the individual elements 
are given by a rounding function fx,y), which depends on the 
element itself and all the differences for the combination as 
follows: b(i...... i.)-fla(i..... i.).X., 1,...,d,(i... 
i, -li, 1. . . . . i.). 
0030) There are many different types of rounding func 
tions that can be used in the above calculations. One possi 
bility is to use an integer function fx, y-intx+y, which 
keeps the integer part of a number and discards the fractional 
part of the number. A second possibility is to use a standard 
rounding function fix, y rx+y int(x+y)+0.5. The stan 
dard rounding function rounds a number up or down to the 
nearest integer value. 
0031) The rounding functions have properties that are use 
ful for providing certain features of the rounding algorithm, 
and preserving the total sum and of the subtotal sums. For this 
reason the rounding algorithm using the two rounding func 
tions is referred to as a strictly consistent rounding algorithm. 
However, the two rounding functions listed above may not be 
useful for typical consistent rounding situations, since the 
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above rounding functions may lead to large rounding differ 
ences, thereby producing negative results or too large devia 
tions from the original value, which is typically not accept 
able in various types of planning and manufacturing 
applications. 
0032. An alternative to the two rounding functions 
described above is a bounded rounding function fx, y)=b_r 
x, y-rx+max-0.5,0.5-e: X. . . . . . d(i, .... i.), with 
e-0 but very small. The actual value of g depends on the 
precision used for the values in the implementation of the 
algorithm. The maximum function max X1, X2: X used 
above is defined by 

0033. The bounded rounding function represents an 
improved solution for typical disaggregation situations with a 
consistent rounding problem. The previous rounding differ 
ences are taken into account as much as possible without 
rounding the actual element excessively. Examples of what 
would be an excessive rounding are when a Zero value is 
rounded to a negative value, when an original value Smaller 
than or equal to 1.0 is rounded to the integer value of 2.0, or 
when an integer value is rounded to a different integer value, 
aS SO O. 

0034. The boundaries of -0.5 and +0.5 coincide with the 
maximum rounding differences that can occur in a one-di 
mensional case. When the bounded rounding function is used 
for the calculation of the very last element, a special check 
must be performed in order to preserve the total sum. The 
special check will be described in further detail below. The 
rounding algorithm using the bounded rounding function is 
referred to as a consistent rounding algorithm, as opposed to 
the previously mentioned strictly consistent rounding algo 
rithms, due to differences when the boundaries are reached. 
0035. As can be seen in FIG. 1, a process (100) in which 
the rounding algorithm is applied starts by selecting an ele 
ment (step 105) and calculating first all the p difference func 
tions d for the selected element (step 110). The rounded 
result for the selected element is then calculated using the 
appropriate rounding function (step 115). When the result has 
been obtained, the process (100) continues to check whether 
there are any other elements that need to be rounded (step 
120). If there are other elements, the process selects a new 
element (step 125) and returns to step 110 and calculates the 
difference functions for the newly selected element. When 
there are no more elements to be rounded in step 120, the 
process ends (step 130). It should be noted that the sequence 
in which the elements are calculated is not unique, but that 
when rounding a given element, all the difference functions 
for the smaller elements have to be calculated beforehand, as 
should be clear from the mathematical discussion above. For 
example, in one implementation, it is possible to start with the 
element (1,..., 1) and then increase the number of the last 
index one by one to N that is, calculating the difference 
functions for all the elements along one dimension while 
keeping the other dimensions constant. This corresponds to 
calculating the difference functions of all the elements in a 
column or in a row of a two-dimensional space. Then, the 
second to last number can be increased to 2 and the element 
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(1, ... , 2, 1) is calculated. Again, the last index is increased 
one by one until N is reached, and so on. This procedure can 
be applied to the other indices to calculate the results for all 
the elements. 
0036) Effects of Bounded Rounding Function on the Last 
Element 
0037 For the bounded rounding function, the total sum is 
not preserved if the upper or the lower boundaries are reached 
in the calculation of the very last element. For this reason, 
special checks and calculations have to be executed for the 
calculation of the last element. If the boundaries are reached 
for the last element, the restriction of the upper boundary can 
be ignored, that is, if the upper boundary is reached, the 
calculation is finished. However, the lower boundary cannot 
be ignored since negative values may result, which are not 
acceptable in a production setting. If the lower boundary is 
reached, or the result after rounding without lower boundary 
would be negative, the rounding of one or more previous 
elements must be changed in Such a way that the differences 
carried over from the elements result in a change of the sign 
for the element under consideration. The change of sign can 
be done by taking a sufficient number of the largest negative 
differences, such that if the values of the negative differences 
are increased by +1.0, a total carry over results that no longer 
violates the lower boundary. When the group of difference 
functions that need to be changed have been identified, each 
difference function in the group can be changed by the value 
+1.0 by changing the result for the respective relevant neigh 
boring elements by -1.0, which is clearly not possible if one 
of the neighboring elements is Zero. In Such a situation, the 
procedure must be repeated for the neighboring element in 
order to find, through the negative difference function for the 
neighboring element, the next neighboring element for which 
the result can be changed so that the difference function 
contributing to the last element is increased by +1.0. The 
procedure is performed for all the chosen negative difference 
functions. 
0038. In summary, if the result for the last element is 
negative, all the appropriate results for the nearest elements 
are reduced by -1.0 so that the rounding of the last element 
can be performed in Such a way that the last element is 
assigned a value of Zero, which preserves the total Sum. 
0039. A Special Case: Strongly Restricted Characteristic 
Combinations 

0040. If the number of given characteristics combinations 
is much smaller than the number of possible combinations, 
many combinations with the value Zero have to be added, 
which can lead to unacceptable calculation times and 
memory requirements. 
0041. Many different types of checks can be done to clas 
Sify the distribution of the original non-Zero combinations. 
The distribution can also be changed by reordering the enu 
meration of the characteristic combinations in Sucha way that 
the algorithm will produce different results. For example, the 
non-zero combinations can be distributed so that the number 
of elements that are smaller than the other elements is as low 
as possible. As a result, the required number of calculations is 
minimized, but the intended results may not be obtained, 
since more elements are treated as independent, that is, the 
previous rounding differences are not taken into account. 
0042. Since the types of checks and redistribution in most 
cases are very time consuming and dependent on individual 
preferences, only a simple procedure will be described here: 
The first check is to determine whether the total number of 
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combinations is very large. If so, it is determined whether the 
number of added combinations is more than a certain percent 
age of the total combinations, for example, 90%. If the num 
ber of non-zero combinations is close, for example, within 
200%, of the number of characteristic values of the charac 
teristic with the most values, the problem can be treated as a 
one-dimensional problem. The one-dimensional rounding 
algorithm can then be used to round only the non-Zero com 
binations sequentially. 
0043. However, if the problem cannot be treated as an 
one-dimensional problem one can consider the characteristic 
with the most values separately. The rounding for the values 
of the characteristic is performed separately with the one 
dimensional rounding algorithm. The rounding result for 
each value of the characteristic is the sum for an aggregate of 
combinations with respect to the other characteristics. Thus, a 
p-dimensional problem can be reduced to N (p-1)-dimen 
sional problems, with N being the number of values of the 
characteristic with the most values. If the (p-1)-dimensional 
problems still have too many added combinations the same 
procedure can be repeated for the characteristic with the 
second most values to reduce further the dimensionality of the 
remaining cubes. The procedure can be continued until the 
remaining combinations can be treated with the consistent 
rounding algorithm. 

A Three-Dimensional Example 
0044. In order to facilitate the understanding of the algo 
rithms above, an example will be given for a three-dimen 
sional case, that is, a combination of three characteristics. 
FIG. 2A shows a three-dimensional cube, in which there are 
three characteristics having three values each. For this 
example, it is assumed that the desired distribution between 
the different combinations is the ratio of 0.66, that is, each 
lattice point (i.e. intersection between two lines) in the cube 
has the value 0.66. FIGS. 2B-2C show a split up version of the 
three dimensional cube into three separate planes, in order to 
illustrate how the coordinates of the lattice points are identi 
fied. FIG. 2B shows the front vertical plane of the cube, FIG. 
2C shows the central vertical plane of the cube, and FIG. 2D 
shows the back vertical plane of the cube. The numbers will 
now be rounded up or down to the closest integer in accor 
dance with the rounding algorithm. 
0045. The general formulas listed above for the rounding 
algorithm and the accounting algorithm can be written as 
follows for the three dimensional case: 

0046 For convenience, the calculations below are pre 
sented with only two decimal places, which leads to obvious 
rounding errors. However, in a practical application, the 
rounding errors can be minimized by using a higher number 
of decimal places. 
0047. When point (1, 1, 1) is inserted into the equations, 
the following results are obtained. 

d (1,1,1)=0 
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d (1,1,1)=0 

0048 
d(2,1,1)=0 

Forpoint (2,1,1), the following results are obtained: 

0049 
d(1,2,1)=0 

Forpoint (1, 2, 1), the following results are obtained: 

d (1,2,1)=0.66-1=-0.34 

d (1,2,1)=0 

0050 
d(2,2,1)=0 

Forpoint (2, 2, 1), the following results are obtained: 

0051 
d(1,1,2)=0.66-1=-0.34 

Forpoint (1,1,2), the following results are obtained: 

d (1,1,2)=0 

d (1,1,2)=0 

0.052 
d(2,1,2)=0+0.66-0=0.66 

Forpoint (2,1,2), the following results are obtained: 

0053 
d(1.2.2)=0+0.66-0=0.66 

Forpoint (1, 2, 2), the following results are obtained: 

d (1.2.2)=0+(-0.34)+0.66-0=0.32 

d (1.2.2)=0 

0054 
d(2.2.2)=0+0.66-1=-0.34 

Forpoint (2.2.2), the following results are obtained: 
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0055 Forpoint (3,1,1), the following results are obtained: 

0056. Forpoint (3, 2, 1), the following results are obtained: 

0057 Forpoint (1,3, 1), the following results are obtained: 

0058 Forpoint (2, 3, 1), the following results are obtained: 

0059 Forpoint (3, 3, 1), the following results are obtained: 

0060 Forpoint (3,1,2), the following results are obtained: 

0061 Forpoint (1,1,3), the following results are obtained: 
d(1,1,3)=(-0.34)+0.66-0=0.32 

d (1,1,3)=0 

d (1,1,3)=0 

0062 Forpoint (2, 1,3), the following results are obtained: 
d(2.1.3)=0.66+0.66-1=0.32 

d(2.1.3)=0 

d(2.1.3)=0.32+0.66-1=0 
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0063 Forpoint (3, 1,3), the following results are obtained: 
d(3,1,3)=(-0.34)+0.66-1=-0.68 

d (3,1,3)=0 

d(3,1,3)=0.32+0.66-1=0 

0064. Forpoint (3, 2, 2), the following results are obtained: 
d(3.2.2)=0.66-1=-0.34 

0065 Forpoint (1,2,3), the following results are obtained: 
d(1,2,3)=0.66+0.66-1=0.32 

d (1,2,3)=0+0.32+0.66-1=-0.02 

d (1,2,3)=0 

b(1,2,3)=rf0.66+0.30)=1 

0.066 Forpoint (2,2,3), the following results are obtained: 
d(2,2,3)=(-0.34)+0.66-1=-0.68 

0067 Forpoint (3,2,3), the following results are obtained: 
d(3,2,3)=(-0.34)+0.66-0=0.32 

0068 Forpoint (1,3,2), the following results are obtained: 
d(1,3,2)=0.66-1=-0.34 

d (1,3,2)=0.32+0.66+0.66-1=0.64 

d (1,3,2)=0 

b(1,3,2)=rf0.66+0.30)=1 

0069. Forpoint (2, 3, 2), the following results are obtained: 
d(2,3,2)=0.66-1=-0.34 

d(2,3,2)=0.30+0.66-1=-0.04 

0070 Forpoint (3,3,2), the following results are obtained: 
d(3,3,2)=0.66-0=0.66 
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Forpoint (1,3,3), the following results are obtained: 

d (1,3,3)=0.30+0.66-1=-0.68 

d (1,3,3)=0 

0072 
d(2,3,3)=(-0.34)+0.66-0=0.32 

Forpoint (2,3,3), the following results are obtained: 

Forpoint (3,3,3), the following results are obtained: 

d(3,3,3)=0.30+0.66-1=-0.04 

d(3,3,3)=0.22+0.66-1=-0.12 

0074 As can be seen from this example, 18 of the 27 nodes 
in the three dimensional cube has been rounded to up the 
value 1, and 9 of the 27 nodes have been rounded down to the 
value 0. Thus, the overall ratio of 0.66, or total sum, has been 
preserved. Furthermore, for all the characteristic combina 
tions with two values specified (each straight line in the cube 
crossing three nodes), the Subtotal is two. For all the charac 
teristic combinations with one value specified (each plane in 
the cube containing nine nodes), the Subtotal is six. Conse 
quently, the distribution between the various characteristics is 
as even as possible. 
0075. The invention can be implemented in digital elec 
tronic circuitry, or in computer hardware, firmware, Software, 
or in combinations of them. Apparatus of the invention can be 
implemented in a computer program product tangibly 
embodied in a machine-readable storage device for execution 
by a programmable processor, and method steps of the inven 
tion can be performed by a programmable processor execut 
ing a program of instructions to perform functions of the 
invention by operating on input data and generating output. 
The invention can be implemented advantageously in one or 
more computer programs that are executable on a program 
mable system including at least one programmable processor 
coupled to receive data and instructions from, and to transmit 
data and instructions to, a data storage system, at least one 
input device, and at least one output device. Each computer 
program can be implemented in a high-level procedural or 
object-oriented programming language, or in assembly or 
machine language if desired; and in any case, the language 
can be a compiled or interpreted language. Suitable proces 
sors include, by way of example, both general and special 
purpose microprocessors. Generally, a processor will receive 
instructions and data from a read-only memory and/or a ran 
dom access memory. Generally, a computer will include one 
or more mass storage devices for storing data files; Such 
devices include magnetic disks. Such as internal hard disks 
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and removable disks; magneto-optical disks; and optical 
disks. Storage devices Suitable for tangibly embodying com 
puter program instructions and data include all forms of non 
Volatile memory, including by way of example semiconduc 
tor memory devices, such as EPROM, EEPROM, and flash 
memory devices; magnetic disks Such as internal hard disks 
and removable disks; magneto-optical disks; and CD-ROM 
disks. Any of the foregoing can be supplemented by, or incor 
porated in, ASICs (application-specific integrated circuits). 
0076. To provide for interaction with a user, the invention 
can be implemented on a computer system having a display 
device Such as a monitor or LCD screen for displaying infor 
mation to the user and a keyboard and a pointing device Such 
as a mouse or a trackball by which the user can provide input 
to the computer system. The computer system can be pro 
grammed to provide a graphical user interface through which 
computer programs interact with users. 
0077. The invention has been described in terms of par 
ticular embodiments. Other embodiments are within the 
Scope of the following claims. For example, the steps of the 
invention can be performed in a different order and still 
achieve desirable results. The invention does not have to be 
applied in a production environment. For example, the inven 
tion can be used when rounding errors occur in various Soft 
ware applications due to copying of data from variables hav 
ing decimal precision to variables having integer precision. 
Another area in which the inventive methods and applications 
can be applied is in demand planning Software applications, 
when numbers are disaggregated into characteristic value 
combinations. 
0078. The distribution of values between the different 
combinations does not have to be uniform. The total sum, or 
the Subtotal Sums for given characteristic value combinations 
(for example, lines, planes, and so on, in the three dimen 
sional example presented above) do not have to add up to 
integer values. The rounding of the Sum of the original values 
will produce the same value as the sum of the rounded values. 
What is claimed is: 
1. A method comprising: 
receiving a total quantity value; 
receiving a plurality of distribution rules for distributing 

the total quantity value to a plurality of product types, 
each distribution rule to govern a separate characteristic 
of the plurality of product types: 

applying the plurality of distribution rules to the total quan 
tity value to derive a desired quantity value for each of 
the plurality of product types; 

rounding in a computer processor the desired quantity 
value for each of the plurality of product types to an 
integer when the desired quantity value is a non-integer, 
the rounding includes: 
maintaining the sum of the desired quantity values as 

equal to the total quantity value; and 
approximating the plurality of distribution rules for each 

value of each separate characteristic as applied to the 
desired quantity values, taking into account, for the 
desired quantity value of a product type of the plural 
ity of product types being rounded, rounding errors of 
desired quantity values rounded prior to the desired 
quantity value of the product type being rounded; and 

applying the rounded desired quantity values to a produc 
tion of products. 

2. The method of claim 1, the total quantity value specify 
ing a total quantity of products to be produced. 
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3. The method of claim 1, wherein rounding comprises: 
using a previously rounded quantity of a first product type 

for a desired quantity value of a second product type. 
4. The method of claim 3, wherein p characteristics of the 

plurality of product types span a p-dimensional space and 
each of the plurality of product types is defined as a point in 
the p-dimensional space, the point being determined by a 
combination of values for each of the p characteristics. 

5. The method of claim 4, wherein including previously 
rounded quantities comprises: 

calculating a difference function for each dimension, the 
difference function using previously rounded quantities; 
and 

using the calculated difference functions when rounding 
the desired quantity value to an integer. 

6. The method of claim 5, wherein rounding comprises: 
using an integer function fx, y intX+y, wherein X is the 

desired quantity and y is the Sum of the calculated dif 
ference functions, the integer function keeping the inte 
ger part of the Sum of X and y and discarding the frac 
tional part of the Sum X-ty. 

7. The method of claim 5, wherein rounding comprises: 
using a rounding function fx, y rx-y int(x+y)+0.5. 

wherein X is the desired quantity value and y is the Sum 
of the calculated difference functions, the rounding 
function rounding the Sum of X and y up or down to a 
nearest integer value. 

8. The method of claim 5, wherein rounding comprises: 
using a bounded rounding function fix,y)=b_rx, y-rx+ 
max-0.5, 0.5-e; y, wherein X is the desired quantity 
value and y is the sum of the calculated difference func 
tions and e is a small non-Zero value depending on the 
precision of the number X, the maximum function max 
x1, x2; y having the value of -0.5 when y is smaller 
than -0.5, the value y wheny is between -0.5 and +0.5, 
and the value +0.5 when y is larger than +0.5. 

9. The method of claim 1, wherein the plurality of distri 
bution rules are defined by a ratio, a percentage, or a specific 
value associated with the separate characteristic of the prod 
uct type. 

10. The method of claim 1, wherein the separate charac 
teristic is any one of a time, a color, a model, or a size. 

11. A computer program product, tangibly stored on a 
machine-readable medium, comprising instructions operable 
to cause a programmable processor to: 

receive a total quantity value; 
receive a plurality of distribution rules for distributing the 

total quantity value to a plurality of product types, each 
distribution rule to govern a separate characteristic of the 
plurality of product types; 

apply the plurality of distribution rules to the total quantity 
value to derive a desired quantity value for each of the 
plurality of product types; and 
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round the desired quantity value for each of the plurality of 
product types to an integer when the desired quantity 
value is a non-integer, the rounding includes: 
maintaining the sum of the desired quantity values as 

equal to the total quantity value; and 
approximating the plurality of distribution rules for each 

value of each separate characteristic as applied to the 
desired quantity values, taking into account, for the 
desired quantity value of a product type of the plural 
ity of product types being rounded, rounding errors of 
desired quantity values rounded prior to the desired 
quantity value of the product type being rounded. 

12. The computer program product of claim 11, the total 
quantity value specifying a total quantity of products to be 
produced. 

13. The computer program product of claim 11, wherein 
the instructions to round comprise instructions to use a pre 
viously rounded quantity of a first product type for a desired 
quantity value of a second product type. 

14. The computer program product of claim 13, wherein p 
characteristics of the plurality of product types span a p-di 
mensional space and each of the plurality of product types is 
defined as a point in the p-dimensional space, the point being 
determined by a combination of values for reach of the p 
characteristics. 

15. The computer program product of claim 14, wherein 
the instructions to include previously rounded quantities 
comprise instructions to: 

calculate a difference function for each dimension, the 
difference function using previously rounded quantities; 
and 

use the calculated difference functions when rounding the 
desired quantity value to an integer. 

16. The computer program product of claim 15, wherein 
the instructions to round comprise instructions to use an inte 
ger function fx, y intx-y, wherein X is the desired quan 
tity and y is the sum of the calculated difference functions, the 
integer function keeping the integer part of the Sum of X and 
y and discarding the fractional part of the Sum X-ty. 

17. The computer program product of claim 15, wherein 
the instructions to round comprise instructions to use around 
ing function fx, y=rx-y-int(x+y)+0.5, wherein X is the 
desired quantity value and y is the Sum of the calculated 
difference functions, the rounding function rounding the Sum 
of X and y up or down to a nearest integer value. 

18. The computer program product of claim 15, wherein 
the instructions to round comprise instructions to use a 
bounded rounding function fx,y)=b_rx, y-rx--max-0.5, 
0.5-e:y, wherein X is the desired quantity value and y is the 
Sum of the calculated difference functions and e is a small 
non-Zero value depending on the precision of the number X, 
the maximum function max X1, X2; y having the value -0.5 
when y is smaller than -0.5, the value y when y is between 
-0.5 and +0.5, and the value +0.5 wheny is larger than +0.5. 
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