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THIS DOCUMENT DESCRIBES THE DIFFERENCE SORT 
PROCESS AS USED ON'THE GE 625/635 SERIES 
COMPUTER, THE PROCESS IN THIS CASE IS CODED 
IN THE GMAP ASSEMBLY LANGUAGE FOR THE GE 625/635 COMPUTER, 

‘ EXECUTION OF THE CODE FROM "BDIF" THRU "BDOO" WILL BUILD A ='~‘ 
FINITE DIFFERENCE TABLE FROM INITIAL ENTRIES (SORT KEYS), ‘A’ 

10 7': IF A NEGATIVE DIFFERENCE Is DETECTED, CODE AT "BDO3" wILL =1 
ll * STORE THE Row AND COLUMN LOCATION FOR THIS DIFFERENCE IN -/~ 
12 THE NEGATIVE DIFFERENCE BUFFER ("NEGBUF") , ~1= 
1 3 A A A A A I‘ A A A A A A A A A A A A A A A A A A A A A A A A A A A A A A A A A A A A A A A A A A A A A A A A A A A A 1' A A A A A A '< 'c ’ ' ' ' ' ' ' ' ' 

l4 BDIF NULL 
15 STX7 BDOO 
16 LXL7 N 
17 CMPX7 2 ,DU 
18 TNC C 
19 sxL7 Q 
20 SBX7 2 ,DU 
21 SXL7 s 
22 STZ M 
23 A STZ L zER DIF COL COUNTER 
24 LDQ N 
25 MPY 2 ,DL 
26 SBQ I,DL 
27 STQ R 
28 STZ K ZERO ENT COUNT 
29 A08 - M BUMP DIF COL COUNTER 
30 LDA M 

- 31 CMPA N IS M=>N 

32 TRC BDOO YEs, RET 
33 BDOS LDA M M=DIF COUNT’ 

34 CMPA I,DL 
35 TZE BDO9 
36 ADA K AR=ROw+DIF CNT 
37 CMPA Q 
38 TRC BDO1 YES IF TRA 
39 BDIO LDA M 
40 CMPA ]_,DL 15 THIS FIRST DIF 
41 TZE BDOZ SET DELTA=2 

43 EAx7 0,3 x7=LOw Row 
44 EAX3 1,3 X3=HIGH Row 
45 EAXO 0 SET DELTA =1 
46 BDO4 XED DIFF,0 
47 LXLA L 
48 A05 L 
49 LDQ NEGBUF 
50 ANQ . -1,DL 
51 CMPQ s 
52 TRC BDOO ONLY STORE N-l ENTRIES IN NEGBUF 

| I v I | . I | ' 
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DATA SORT METHOD UTILIZING FINITE DIFFERENCE 
TABLES 

BACKGROUND OF THE INVENTION 

This invention relates generally to data processing methods 
and particularly to a method for sorting a sequence of infor 
mation items. ’ 

Sorting may be de?ned as the process of arranging a set of 
information items in a uniform sequence as determined by the 
magnitudes of the individual items. See Richards, R.K., 
Arithmetic Operations in Digital Computers, D. Van Nostrand 
Co., Inc., 1955, page 295. Sorting is one of the basic data 
processing functions and is used in a variety of applications. 
For example, sorting is used for maintenance of business ?les 
such as inventory records and payroll records, for study and 
analysis of statistical data, for visual computer output such as 
printouts or CRT displays, and for maintenance of a data 
processing system’s own internal data ?le. 

1 It is desirable that any sorting method which is to be used in 
a data processing system be simple and efficient, i.e., that the 
method include few instructions or steps so that very little 
system memory is required to store the program implementa 
tion of the method and that the running time of the program 
implementation on the data processing system be as short as 
possible. 

SUMMARY OF THE INVENTION 

It is an object of the present invention to provide a data sort 
ing method which includes few instructions or steps. 

It is another object of the present invention to provide a 
data sorting method which, when perfonned on a data 
processing system, operates to sort a sequence of information 
items in a relatively short period of time. 

These" and other objects of the present invention are real 
ized in a speci?c illustrative algorithm in which a difference 
table is generated for an‘ arbitrarily ordered sequence of nu 
mericallyv valued items. Each negative entry of the difference 
table is noted by storing the entry‘s column number m and row 
number k. If, for each m and k stored, the (m + k)th entry of 
the sequence of items has a magnitude less than that of the kth 
entry, then the two entries are interchanged. After all possible 
interchanges have been made, adifference table is generated 
for the new sequence. If no negative differences are found in 
this difference table, the process is terminated, otherwise the 
process is reiterated until a difference table with no negative 
differences isobtained. At the termination of the process, the 
sequence of ,n items will be arranged in order of ascending 
magnitude. I i a 

To obtain a sequence arranged in order of descending mag 
nitude, positive differences’ of the difference tables are utilized 
rather than negative differences. 

BRIEF DESCRIPTION OF THE DRAWINGS 

A complete understanding of the present invention and of 
the above and other advantages thereof may be gained from a 
consideration of the following detailed description of an illus 
trative embodiment thereof presented hereinbelow in connec 
tion with the accompanying drawings in which: 

FIG. 1A, 1B, and 1C, with FIG. 1A positioned above FIG. 
1B ‘and FIG. 1B positioned above FIG. 1C, show a ?ow dia 
gram representing a speci?c illustrative machine algorithm for 
practicing data processing in accordance with the present in 
vention; 

FIG. 2A shows an arbitrary sequence of n numbers which 
are to be sorted; _ 

FIG. ‘2B shows the difference table generated for the 
sequence of numbers of FIG. 2A; 

FIG. 2C shows which of the entries of the difference table of 
_ FIG. 2B are negative differences; 

FIG. 2D shows a table representing the steps in sorting the 
sequence of FIG. 2A in accordance with the present inven 
tion; and 
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2 
FIGS. 3A and 3B, and 3C show an illustrative computer 

program for implementing the algorithm represented in FIGS. 
1A through 1C. ' 

DETAILED DESCRIPTION 

The method of the present invention utilizes the so-called “ 
difference table," well-known in the ?eld of mathematics. A 
difference table for a sequence of n numerically valued items 
is calculated by subtracting the ?rst item in the sequence from 
the second, the second item in the sequence from the third, 
etc. until n-1 such differences are obtained. These differences 
comprise the first column of the difference table ordered in 
the order in which they were obtained, i.e.,‘ the difference 
between the first and second items of the sequence being the 
?rst entry in the column, the difference between the second 
and third items of the sequence being the second entry in the 
column, etc. Similarly, the differences between successive en 
tries of this ?rst column are then calculated to obtain the 
second column of the difference table. The process of obtain 
ing the differences between entries of each column is con 
tinued until a ?nal column containing but one entry is ob 
tained. The entries of the difference table are generally 
represented by the symbol AK'”, where m designates the mth 
column of the difference table and k designates the kth entry 
of the column. Thus, AA." represents the kth entry of the mth 
column of a difference table. These conventions will be used 
in explaining the present invention. 
The first step of the specific illustrative embodiment of the 

present invention shown in FIGS. 1A through 1C is to supply 
or input an arbitrarily ordered sequence of n items, each item 
having a numerical value, to a suitable data processing system 
on which the method is to be practiced (block 102 of FIG. 
1A). The next step is to initialize or set each of two variables 
m and k to the value one as represented by block 104. The (k 
= 1 )th entry of the (m = 1 )th column of the difference table of 
the sequence of items is then calculated in accordance with 
block 106 of FIG. 1A and stored in a suitable “difference” 
bu?er. A determination is then made as to whether this value 
is positive or negative (block 108). A negative value would be 
obtained if the ?rst item of the sequence were larger than the 
second item. If the difference is negative, the algorithm moves 
to block 110 otherwise the algorithm moves to block 112. 

In the step represented by block 110, the current values of 
m and k are stored'in a suitable “negative difference" buffer. 
The two values are “associated” and as such are stored as a 
pair in the “negative difference" bu?er. (The purpose of 
designating the values as “associated“ will become clear 
later.) > 

‘ In the next step of the process, represented by block 112 of 
FIG. 1A, the value of the variable k is incremented by one. It is 
then determined whether the variable k is less than the value 11 
corresponding to the number of entries in the sequence (block 
114 of FIG. 18). If it is less, the algorithm returns to block 106 
where a new entry in the difference table is calculated. At this 
stage of the description of the method, a new entry would be 
calculated and the process would be repeated until the varia 
ble k were incremented to a value equal to n at which time the 

' algorithm would move from block 114 to block 116 of FIG. 

65 

70 

75 

1B. - 

In the step represented by block 116, the value of m, which 
was initially set equal to one, is incremented by one. A deter 
mination is then made as to whether m is less than n in ac 
cordance with block 118. Again, at this stage of the descrip 
tion of the method, m would’ be less than n and the algorithm 
would return to block 106 of FIG. 1A and further entries in 
the difference table would be calculated. After all entries of 
the difference table are calculated, at which time it would be 
determined that m is not less than n (block 118), the al 
gorithm moves to block 120 of FIG. 1B. 

In the step represented by block 120, a determination is 
made as to whether the negative difference buffer is empty. If 
it is empty, this means that there were no negative differences 
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in the di?'erence table and that the sequence of n items is ar 
ranged in order of ascending magnitude as desired. The al 
gorithm would then move to block 122 where the sequence of 
items would be printed out or otherwise made available to the 
user. At this stage of the description, of course, no sorting 
would have been done since the sequence as supplied to the 
data processing system would have been properly ordered. 

If it is determined that the negative difference buffer is not 
empty, i.e., that the negative difference buffer contains stored 
pairs of values of m and k, then the algorithm moves to block 
124. There, the variable m is initialized to the highest value of 

' m stored in the negative difference buffer. In the next step, 
represented by block 126, the variable k is initialized to the 
highest value of k “associated” with the highest value of m 
selected in the previous step. The value m + k is then calcu 
lated (block 128 of FIG. 1C) and a determination is made as 
to whether the (m + k)th entry of the sequence of n items is 
less than the kth entry (block 130). If it is less, the (m + k)th 
entry and the kth entry are interchanged (block 132). If it is 
not less, the algorithm moves directly to block 134 of FIG. 1C. 

In the step represented by block 134, the values of m and k 
of the negative difference buffer corresponding to the current 
values of the variables m and k are removed from the negative 
difference buffer. It is then determined whether or not the 
negative difference buffer is empty (block 136). If it is not 
empty, the algorithm returns to block 124 of FIG. 1B and the 
process of comparing the values of two more entries in the 
sequence is carried out. If the negative difference buffer is 
empty, indicating that all entries of the sequence which were 
designated by the items stored in the negative difference 
buffer (and now removed) have been examined, the algorithm 
returns to block 104 of FIG. 1A. 
A new difference table is then generated in accordance with 

the description above and if the difference table contains no 
negative differences, the process is terminated in accordance 
with block 120 and 122 of FIG. 18 indicating that the 
sequence is now arranged in order of ascending magnitude. If 
the new difference table contains negative differences, then 
step 124 of FIG. 1A is commenced in accordance with the 
previous description. 
The process of generating difference tables and comparing 

pairs of entries of the sequence is reiterated until a difference 
table which contains no negative differences is ultimately 
generated. 
An example of the application of the method of the present 

invention to an arbitrarily ordered sequence of numbers will 
now be given. Consider the sequence of ?ve numbers shown in 
FIG. 2A. As shown there, the ?rst entry of the sequence is 
nine, the second is ?ve, etc. 
The ?rst steps in processing the sequence of numbers of 

FIG. 2A in accordance with the method of the present inven 
tion would be to generate the difference table shown in FIG. 
2B. The ?rst entry of the ?rst column of the difference table is 
obtained by subtracting nine from ?ve, the second entry is ob 
tained by subtracting ?ve from three, etc. Steps 102 through 
118 of FIGS. 1A and 1B would be the steps followed by a data 
processing system to generate the difference table of FIG. 2B. 
As each entry of the difference table is generated, it is deter 

mined whether that entry is negative or positive (see step 108 
of FIG. 1A). If the entry is negative, the values of m and k for 
that entry are stored in a negative difference buffer (step 110 
of FIG. 1A). The negative entries of the difference table of 
FIG. 2B are indicated in FIG. 2C. Thus, in the course of 
processing the sequence of FIG. 2A, six pairs of values would 
be stored in the negative difference buffer of the data 
processing system. Each of these values would identify the 
column number and row number (in the difference table) of a 
negative difference. ' 

Since the negative difference buffer would contain negative 
differences as a result of the difference table generated for the 
sequence of FIG. 2A, the process would move from block 120 
of FIG. IE to block 124. There, a variable m would be initial 
ized to the highest value of m stored in the negative difference 
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4 
buffer. The highest value of m so stored, as indicated in FIG. 
2C, would be four. In the next step of the process, block 126, a 
variable k would be initialized to the highest value of k as 
sociated with m = 4 in the negative difference buffer. In the 
present example, there is only one value of k associated with m 
= 4 and that value is one. The next step of the process is to cal 
culate m + k = 4 + l = 5 (block 128 of FIG. 1C). It is then 
determined whether the (m + k = 5)th entry of the sequence 
of FIG. 2A is less than the (k= l)th entry, in accordance with 
block 130 of FIG. 1C. Since the ?fth entry of the sequence is 
two and the ?rst entry is nine, the process would determine 
that the ?fth entry is less than the ?rst entry and the algorithm 
would move to block 132 of FIG. 1C. In accordance with 
block 132, the ?fth entry of the sequence would be in 
terchanged with the ?rst entry. 

In the next step of the process the values of m and k (4 and 
1) would be removed from the negative difference buffer 
(block 134 of FIG. 1C) and the negative difference buffer 
would be examined to determine if it were empty (block 136). 
In the present example, the negative difference buffer would 
not be empty, so the process would return to block 124 of 
FIG. 1B and new values of m and k would be chosen from the 
negative difference buffer. 
A summary of the steps taken in processing the sequence of 

FIG. 2A is shown in the table of FIG. 2D. The top row of the 
table indicates the negative differences of the difference table 
generated for the sequence. The second row of the table 
simply identi?es the entries in the sequence which are to be 
compared for each m and k in the negative difference buffer. 
The third row indicates what action, if any, is to be taken on 
the sequence as a result of comparing the entries of the 
sequence. The last row of the table indicates the status of the 
sequence following the examination of different pairs of en 
tries of the sequence. The original order of the sequence, as 
given in FIG. 2A, is shown in the second column and last row 
of the table. 

Following the interchange of the ?fth and ?rst entries, as 
discussed above, the status of the sequence is as shown in the 
third column and last row of the table. As also shown in the ta 
ble, the next value of m and k from the negative difference 
buffer to be examined is three and two respectively. Thus the 
entries to be examined are (m + k)th or ?fth entry and the kth 
or second entry. The ?fth entry now is nine and the second 
entry is ?ve. Since nine is not less than ?ve, no interchange of 
the entries is made. 

Examination of the values stored in the negative difference 
buffer continues with no interchange of entries being made 
until the values ofm = l and k = 2 are examined. Then, as in 
dicated in the seventh column of the table of FIG. 20, since 
the third entry of the sequence in the sixth column which is 
three is found to be less than the second entry which is ?ve, 
the entries are interchanged to obtain the sequence shown in 
the seventh column. The only remaining values in the negative 
difference buffer to be examined are m = l and k = 1. As in 

dicated by the last column of the table of FIG. 2D, no in 
terchange of entries is called for as a result of such examina 
tion. The ordering thus obtained as a result of applying the 
process of the present invention to the sequence of FIG. 2A is 
as shown in the last column of the last row of the table in FIG. 
2D. As there shown, the sequence is arranged in order of 
ascending magnitude. 

Processing the exemplary sequence of FIG. 2A would con 
clude with the generation of a new negative difference table 
and a determination that the table contains no negative dif 
ferences (block 120 of FIG. 1B). The sequence of items would 
then be made available for output to the user. 
The method of the present invention may also be utilized to 

arrange a sequence of items in order of descending magnitude. 
In this case, however, positive differences in the difference 
table are utilized to determine which entries in the sequence 
are to be examined. Further, an interchange is made if the (m 
+ k)th entry is greater (rather than less) than the kth entry. 
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FIGS. 3A and 3B show an exemplary programming imple 
mentation of the present invention. The program is written in 
the soalled GMAP language described& for examples; in the 
General Electric 625/635 Programming Reference Manual, 
CPB l004F, for implementation on any General Electric 600 
Series computer. Implementation of the present invention in 
the program of FIGS. 3A and 3B is apparent from an examina 
tion thereof and is therefore not described further. 

It is to be understood that the above described embodiment 
is only illustrative to the application of the principles of the 
present invention. Modi?cations in this embodiment may be 
devised by those skilled in the art without departing from the 
spirit and scope of the invention. 
What is claimed is: 
1. In a data processing system, a method of sorting a 

sequence of information items comprising the steps of 
a. applying to said data processing system a sequence of in 

formation items, each of said items having a numerical 
value, ' ‘ . 

b. generating a difference table for said sequence of items, 
the entries of said table being generally designated by 
Ak'", where m designates the mth column of said table and 
k designates the kth row of the column, 

c. storing the values of m and k associated with each nega 
tive difference of the most recently generated di?‘erence 
table, 

d. interchanging, for each stored pair of values of m and k, 
the (m + k)th and kth entries of said sequence if the (m + 
k)th entry has a value less than that of the kth entry. 

2. A method as in claim 1 further comprising the steps of 
e. generating a new difference table for the sequence ob 

tained at the conclusion of step (d), 
f. terminating said method if no negative difference is 

present in said new difference table, and 
(g) repeating steps (c) through (f) if there isa negative dif 

ference present in said new difference table. 
3. A machine process for arranging a sequence of numeri 

cally valued information items in order of ascending mag 
nitude comprising the steps of 

a. generating a difference table for said sequence of items, 
b. storing in a storage means the column number and as 

sociated row number of each negative entry of the most 
recently generated difference table, 
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6 
c. setting a variable m equal to the value of the highest 

valued column number stored in said storage means, 
d. setting a variable k equal to the value of the highest 

valued row number associated with said highest valued 
column number, 

e. interchanging the (m + k)th and the kth entries of said 
sequence if the (m + k)th entry has a value less than that 
of the kth entry, 

f. removing from said storage means the column number 
and associated row number corresponding to the variable 
m and k respectively, 

g. repeating steps (c) through (f) if said storage means is not 
empty, and 

h. generating a difference table for the sequence resulting 
from the performance of steps (a) through (g) if said 
storage means is empty. 

4. A process as in claim 3 further comprising the step of re 
peating steps (b) through (h) until a difference table is 
generated which contains no negative differences. 

5. In a data processing system, a process of sorting a 
sequence of information items in order of descending mag 
nitude comprising the steps of 

a. applying to said data processing system a sequence of in 
formation items, each of said items having a numerical 
value, 

b. generating a difference table for said sequence of items, 
the entries of said table being generally designated by 
A,,.'", where m designates the mth column of said table and 
k designates the kth row of the column, _ ‘ _ 

c. storing the values of mand k associated with each positive 
difference of the most recently generated difference ta 
ble, 

d. interchanging, for each stored pair of values of m and k, 
the (m + k)th and kth entries of said sequence if the (m + 
k)th entry has a value greater than that of the kth entry. 

6. A method an in claim 5 further comprising the steps of 
e. generating a new difference table for the sequence ob 

tained at the conclusion of step (d), 
f. terminating said method if no positive difference is 

present in said new difference table, and 
g. repeating steps (0) through (f) if there is a positive dif 

ference present in said new difference table. 


