UNIVERSITY OF CAPE TOWN

DEPARTMENT OF MATHEMATICAL STATISTICS

PR R Y SRSt

THE ADDRESS SORT AND OTHER
COMPUTER SORTING TECHNIQUES

by $

L.G. Underhi ib ,

+++++++++&<$;2+++++++++++++

O
%)

A thesis pr‘p@xed under the supervision of Professor
C.G. Tros lé n ful fiiment of the requirements for the
degree ofMaster of Science in Operations Research.

T g R R R L L L s

Copyright by the University of Cape Town
1971

The copyright of this thesis is held by the
University of Cape Town.

Reproduction. of the whole or any part
may be made for study purposes only, and
not for publication.




QO

The copyright of this thesis vests in @@ author. No
quotation from it or information derived:from it is to be
published without full acknowledg nt of the source.
The thesis is to be used fo ivate study or non-
commercial research purposes ém :

Published by the Universjg‘l%r Cape Town (UCT) in terms
of the non-exclusive Kd\se granted to UCT by the author.

&
Nl



CONTENTS

INTRODUCT ION
CHAPTER 1

1. SEleCtiOn SOFT  wuvuevreeuveneensneesennnnns

2. Selection and Exchange Sort ........cev..

3. Counting Sort ...... ceeean vessases vevecons
CHAPTER 2

t. Basic Insertion Sort .....cciivieens. seeneees

2, Binary lInsertion Sort ......... cerevrenanes

3. Binary Insertion Sort with Up/Down Shift . cevens

CHAPTER 3

1. Quadratic Selection ....iiiieeenrncsonnnns
2. Quadratic Selection with Presorf Cteesseessenanes

e s s 0 e v
e e v e ce s

CHAPTER 4
Tournament Sort cesianenaens checesracsrensnecanns veese
CHAPTER 5
Natural Two-Way Merge ......cccen. cescerecers ceecsenne
CHAPTER 6
1. Introduction to the Address Sort cestececencessncenros
2. Description of Rearrangements ....ciceeevesns seeses ces
3- F‘OW Char‘r ------------- o0 0 S0 000000008000 es v 00000 ane
CHAPTER 7
1. The Address Calculation Algorithm ceseasens seasecas
2. Properties of the Algorithm ... ciieerenieaennns ceees
CHAPTER 8 |
Some Praciical Address Calculation Algorithms ........
APPENDIX | cecescsesresiseseeneens tetcseassnennas ceesetasranns
APPENDIX 2 o riiierenrenennas Cesessssesessens O
BIBLIOGRAPHY  .......... teesiensesanaas cereessessaeses ceee .

-—

N Oy

15

22

27
29
34

36
38

44

53
58
80



INTRODUCTI!ON

Originally this project was,fd have been a feasibility study of the
‘use of computers in the (ibfary. I+ soon became clear that the logical
piacé in the library at which to start making use of the computer was the
catalogue. Once the catalogue was in machine readable form it would be
possible to work backwards to the bookordering and acquisitions system and

forwards to the circulation and book issue system. . .

‘One of the big advantages in using the computer to produce the catalogue
would be the elimihafion of the "skilled drudgery” of fiflng. Thus - vast
quantities of data would need to be sorted. And thus the scope of this
project was narrowed down from a general feasibility study, firstily to a V
s+udy of a parficular section of the library and secondly to one parficﬁlérly
important aspect o¥ that section - that of sorting with the afd of the

computer,

| have examined many, but by no means all, computer sorting techniques,
programmed-+hemvin‘ FORTRAN as efficientty as | was able, and compared .
their performahces on the 18M 1130 computer of the University of Cape Town.
| have confined myself to internal sorts, i.e. sor+s that take place in

core,

This thesis stops short of applying the best of these techniques to
the library. I intend however to do so, and to work back to the original

scope of my thesis.
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CHAPTER 1

'SECTION 1 BASIC SELECTION SORT

Procedure

There areg+wo lists to be considered:
I: the input list

0: the output list.

Examine the input list, searching for the minimum item.  When this
"pasg'lé complete, place the minimum item at the first cell in the output
tist., After +hisv+ransfer, we wlsh to look for the nexf smallest item
In the Input tist. The minimum item Is éfill In"this tist and will turn
up during the second |ist examination. To eliminate thls difficulfy_we
replace the minimum Item with some mérker‘(an impossibie value or maxihum
number). Note that this Implies that, during the pass, we must have in

temporary sfbrage both the minimum Item so far and its positlon in the

input list.

During the second scan of THe list the minimum ITtem Is abseﬁf, its
place being occupied by the marker.  The minimum selected on this pass
Is hence the nexf—fo-minimum of the original input list. it fs placed
In the second cell of the oufphf fisf and the place It occupied in the

Input list is overwritten with the marker.
The third scan produces the third item for the output list.

.Conflnue until the number of [tems in the output |ist equals the

number in the input list.



Comment

This is highly inefficient.

(a) It occupies a lot of space. Space has to be provided for both

the input Iist, I, and the output Iist, 0.

(b) A complete review of the input list is required each time an

item is selected.

(c) There is a need for a marker to be inserted after each item is

selected.

SECTION 2 SELECTION AND EXCHANGE SORT

Procedure

There is only one list to be conslidered. The input list, on com=-

" pletion of the sort, is the ordered list, ready for output.
" As in the basic selection sort we scan the |is+>+o find +s minimum,

instead of placing this item in a new list, we exchange 1t with the
first item in the list, i.e. we place the minimum item in the first cell
and the contents of the first cell into the cell where the minimum

occurred.

We now consider the sublist formed by excluding the first element.
Scanning this sublist to find its minimum produces the next=to-minimum
.item since the minimum has been removed.  Exchange the minimum of the sub-

list with the second cell's contents.
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In general, after i operations on an input list with n Items, we
have an unordered sublist which contains n~i items. Its complement
contains | ordered itéms. At each stage we find the minimum of. the sub-

list and exchange it with the fop item of the sublist,
Comment

In comparison with the Selection Sorf, this technique halves both

the storage space needed for data and the number of comparisons required.

SECTION 3 COUNTING SORT
Procedure

There are four lists to be considered:-

I:  the original input [ist.

L: an unsorted list which is made up as each item from I Is
examined.

C: the set of counfefs'whfch ranks each item in L.

S:  the sorted output list,

(I and L are the same, and are only considered separately‘for explanation

~— in the program there is only one list of unsorted data.)

The procedure is to bring in successive items from I and place them
In .L. - When an item is brought over from I to L it is compared with
all previous items in L. A new counter records the rank of the item,
and the other counters are adjusted fo indicate their new rank taking into

account the item just added.



Examgle

Refer to figure 1.
Clear all counters in C. (it is convenient in FORTRAN to set them

all to 1.)

Bring the first item in I +to L1. (The subscript denotes the
position in the vector L.) No counting or examination is done

(figure 1(a)),

The next item is brought into L

2 As this Is done, all cells above
L2 are reviewed. There is only one such cell, Ll'
We now need a rule for adjusting the counters as we examine the con-
“tents of L.
Rule:- If the latest item examined is larger than the earlier item, add

1 to the counter corresponding to the latest item.

If the latest item examined is smaller than the earltier item, add 1

to the counter corresponding to the carlier item.

Briefly, in any comparison add one to the counter corresponding to

the targer item.

So If L, is greater than L,, add to C,; 1f L, Is greater
than L,, add 1 fo C,. (figure 1(b)).

Enter the next item at L3. Compare L3 with L1 and L2, and
adjust the counters C1, C2 - (figure 1(c)) and 'C3 according the rule above.

Carry on until the list I s exhausted (figure 1(d) and (e)),

Finally to make the sorted output list, transfer each item to the position
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CHAPTER 2

N

SECTION 1 INSERT ION SORT ING

Basic Insertion Sort

In the various insertion sorts items are dealt with one by one and
inserted into an ordered partial list in the position where'They betong.
When a new item arrives, we are sure that all items so far have been

~ placed in order.

In the bésic insertion sort we look at the ordered pérTiaI list and
search item by Item from the bottom of the list to find where the new item
belongs.  (The '"bottom™ of the list is the end which has the lower sort
keys). This place will be occupied unleés the item is greater than any
item in the partial list and goes at the top. Move the item occupying the
place where the new item belongs and all subsequent items one placé up the

list to make room for the insertion of the new item.

The partial {ist has grown by one, but is still In order.
' \

Comment

The total number of comparisons required using this Kind of linear
search technique is excessive. For a list of n items it can be shown
(see Appendix 1) that the expected number of comparisons is
% (n241).‘ The position of the item to be inserted can be found more

efficiently using a blnary search Technique.v



SECTION 2 IMPROVEMENT TO INSERTION SORTING — THE BINARY SEARCH

We are given an ordered list L and an-item a Yo be inserted.
Binary search prescribes that we split fthe list in two by finding the
middle ("fence') item, comparé a with the fence item and determine in

which section a belongs.

We next take that half and find its fence item. We compare this
Item with a to determine in which quarter of the original list a

should be inserted.

We continue in fhis way, comparing a with the fence ifeﬁs at closer
and closer intervals, narrowing down +hé search until we find a fence item
"~ exactly equal to a, or until we find between which two items a  lies.
This second alternative occurs when Qe find that a is larger than one
fence item, but smaller than the next, and the fences are one item apart

in the original Iist.
Commen+t

The number of comparisons is now approximately Iog2 n! (Appendix 1).
For a list of 1 000 items this means roughly 8 500 comparisons as

opposed to about 250 000 comparisons with the |inear search.

SECTION 3 SECOND IMPROVEMENT TO INSERTION SORTING — THE UP/DOWN SHIFT

If the new item belongs to the first (bottom) half of the list, then
instead of moving all larger items one position up the list, move all

smal ler items one position down the |ist.



‘The decision to move up or down depends only on the first fence item.

This technique halves the expected number of shifts required to Insert

the new item,

The first item Is placed In the middle position of the output list

so that there is room to move both up and down.



CHAPTER 3

SECTION 1 QUADRATIC SELECTION

Procedure
Glven a list L, the procedure is outlined as follows.

(1) Divide the Iist L Into sublists L.

(2) Find the smallest element of 'L for each i, and enter it into cell
L% of the auxiliary list L.

(3) Find the smallest element of L', L& say, and store It for output.

(4) Refill LI with the next-to-minimum item from “L.

(5) Repeat (3) and (4) until the number of items in +He output list equals

the number of items in L.

The optimal number of sublists, N, 1Is given by
N=Vn if N%=n

where n is the numbér of iTems;
Proof

Suppose n is a perfect square.
put N% = n.
Suppose that k is the number of items in each sublist, and that 2 is

+he'number of sublists.

Then kg

i)

n

2 = n/k
The number of comparisons, C, needed for operations (3) and (4) are.

glven by
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C = (k=1) + (2=1)
= k=1 + n/k-1
aC 2
X = 1-pn/
| K 1-n/k
Setting this equal to zero to find the minimum number of comparisons yields
k2 =n

Hence k = vn = N and also % = N.

If n is not a perfect square, take N to be the integer whose
square is either nearest n or is the first square gréaTer than n.
Adjust the number of items allocated to each sublist so that their lengths

~are as nearly equal as possible.

At step (4), to replenish cell L& we review kL, but weldo not
wish to choose the item chosen earlier. This is avoided‘by replacing
an item chosen from a sublist by some maximum item denoted by z. Event-
ual ly some.of the sublists will contain only z's. As soon as this

occurs, we fill the cell in the auxiliary Iist corresponding to the ex-

hausted sublist with z.
We now restate step (4) in more detail.

After the new item has been selected from L' for the sorted list
(i) review the sublist from which the item was drawn to find the
hinimum,
(ii) place the minimum in the cell of L' corresponding +0 +ha+
sublist.
(1i1) Since The cell in the sublist from which The_iTem was withdrawn

still contains. that item, we overwrite that item with =z,



1.

Examgle

Figure 2 depicTs a quadratic selection sort for a list L of nine
items. Figure 2(a) shows the subdivision of L Into sublists ‘L,
the formation of the auxiliary list L', and the selection of the first

element for output.

Figure 2(b) shows the items chosen for the auxiliary Ilst at the
first stage replaced by maximum sort key z, ‘the refilling of the

auxiliary list and the output of the second item.

Figure 2(¢) shows the sort at the stage when the first subllist is
exhausted and a z -is entered in L', After the 6 1is stored in the

output list, the minimum item .in 1L isa z which Is brought into LY.

Figure 2(d) shows a stage near the end of the sort when all the

sublists are exhausted.
Comment

In this sort each of the items of a sublist is reviewed each time The
corresponding auxiliary list item is chosen for output. This happens for
each item of the sublisT. Each subiist review amounts to a selécTIon

sort, a highly inefficient sorting technique.
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SECTION 2 QUADRAT IC SELECTION WITH PRESORT

Introduction

The quadratic selection sort can be vastly improved by arranging each
sublist with a more efficient sort and then applying a modified quadratic

sort procedure to the sorted sublist.

Suppose each sublist xiL is presorted by séme technique. To fill
the auxiliary list L' simply take the bottom (smallest) i+em_from.each
sublist and place it in the corresponding celi in L', 1.e. move iL1
To_ L} for each 1.

During the sort proper when we select the smallest item in the current
auxiliary list L}, say, webgo back fo sublist KL and take the next
element and place it in LL. This implies ThéT we need a set of sublist

counters, one for each sublist, which point to the next candidate for

promotion to the auxiliary list for each sublist,
Procedure

(1) Divide L into N subiists 'L. These sublists are ordered by

one of the techniques discussed earlier.

(2) The smalliest item of each sublist is entered into the corresponding

location in the auxiliary list L', Since the sublists are ordered, the

first item wilt be the smallest.
(3) Set the sublist counters, CI i=1,...,N, equal to 2. These
counters will be used to point to the next item to be taken to the auxiliary

1ist from the ordered sublists.
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(4) Select the smallest item from the auxiliary list and place it in the

output list.  Suppose L& is selected.

(5) The counter Ck points to the next ifem in sublist kL to be trans-

. fered to L', i.e. move kL " to L}!. This is done provided the sub-

C k
k
list is not exhausted. |f the sublist is exhausted enter a maximum
number z into LY at position k.

(6) Increment Ck by 1, so that it contains the position of the next

item for sublist "L.

(7) Repeat (4), (5) and (6) wuntil the number of Ifems in the output |lst

equals the number of items in L.
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CHAPTER 4

TOURNAMENT SORT

Philosophy

The name is derived from the fact that in this sort items are matched
against each other pairwise, the "winners' going through to the next round,

getting paired off again, and so forth.
The winner of the final palr is the first item for the sorted list.

We then review the list again-- It is however not necessary to review
the entire lTist - to find the next "winner”, the second item for the

output |[ist.
Procedure

The procedure is best Il lustrated by considering a simple example.
List L in figure 3(a) contains sixteen numbers to be sorted. Sublists

L1 to L4 contain the winners of the matched pairs in each round. The

! Is the winner (the minimum) of The

2 occupying the first cell in L
comparison between the first pair of items in L, the 2 and the 6.

The eventual overall winner is the 1 which came from the sixth pair in L.

We now replace the 1 where it appears in L by a maximum item z
and adjust our lists by reconsidering only the sublist cells which contained
the ultimate winner. The alterations to the lists are underlined in
figure 3(b). Note that only four comparisons had to be made; It was not

necessary to redo the entire table.
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Now replace the 2 in L.by z and go up its fine making adjust-
ments.  When both items in a pair in any list or sublist have been frans-

ferred to the output list, a z is passed through to the next round.

Difficulties

A problem arises when the number of items is not a power of two.
This can be overcome by adopting the following policy for the original
list and all sublists:-

(i).lf the number of items is even, pair off the items.

(i1) If the number of items is odd, add a maxiﬁum [tem z +o the end

of the list and pair off.

Figure 4 illustrates how this policy is implemented in a list of ten
[tems. L can be palred off as it stands, but L1 and L2 require the

addition of a =z. L3 contains only two items.

The advantages gained by this policy become evident at a later stage

when we string out the sublists Into a single list.

To replace the winning item with a 2z requires a knowledge of its
original position. This probfem is solved by storing the locations of the
winning items rather than the items themselves. In figure 5 the cells of
the list L are numbered - the sublists refer back to the main list.

For convenience the maximum item 2z 1is called item 1,- and the list

proper starts in the second position.

Figure 5 contains all the information of figure 4, But In addition
there is no need to search through L to find the minimum - we go directly

to the seventh item, the 10, and replace it with z.
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After replacing the 10 with a z, a new difflculty arises. Do we
compare.fhe seventh item with the sixth or with the eighth?  The rule to
follow here, allowing for the z 1in cell 1, ls:-

(i) 1f the item number is even, compare it with the next item,

(it) If the nﬁmber is odd, compare wah'The previous item.

[f tists L] L2 L3 and L4 are strung out as in figure 6 it will

be seen that each sublist starts at an even-numbered cell and fhis rule

works for these sublists as well.

The mode of sTorage.in figure 6 is the one adopted for storage of the
sublists in the computer. However this infroduces a further problem.
The.second column of figufe 6 is easy to fill. The procedure is to con-
pare items 2 and 3, and place the cell number of the smaller at the
first even-numbered cell after the end of the (ist, in this case, cell 12,
The smaller of items 4 and 5 1is placed at cell 13, and so on. Make
sure that each list starts on an even-numbered cell, even if the proevious
list finished at an even number. (L1 is complete at position 16 - enter
a 1 atcell 17 and start L2 at 18. At this cell enter the smallef
of the items cells 12 and 13 point to, i.e., the smaller of the second
“and fourth items, The 39 1Is the smaller, hence a 4 is entered at

cell 18.)

In tist L of the third column of figﬁre 6 the minimum I1tem of the

‘ original list, the seventh, has been replaced by a z. Following the rule
above, we compare the seventh item with the sixth.  The difficulfy is to
know where to place the winner of this comparison. To solve this problem

it proves essential to store one more list, a table T in which Ti -points
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to the beginning of Iist L'. This table, for the example In figure 6,

is given in figure 7.

The rule for determining where in the next list the winner of the pair

currently under consideration is to be entered is now simple.

¥ the overall winner, the item transferred to the output list, was
item n, the pdsifion in L] for the winner of the first comparison is
given by

*
Ty o+

: * n
where ny = Eﬂ -1 |
and the square brackets denote drop the fractional barT.

The place in subsequent {ists is given by

T, + nf
i i

*
ni-1

- where ng = —ﬁ-—]

In the situation in figure 6 where the seventh item was the winner,
the position in L1 is given by

12+ L] -1=12+2=14

in the subsequehf lists the positions are given by -

18 + 1 =19

2
Ly 18 + EE]

1
Ly 22 + [5]

0
Lg: 24+ [5] = 24

22 + 0 = 22
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CHAPTER 5

NATURAL TWO-WAY MERGE

Introduction

The sorting techniques considered so far have all commenced with a
single list of unordered data. By contrast, to merge Implies the exist-
ence of more than one fist. If the data is in one list, 1+ will be
necessary as pfeparafion for this merge to split it info two parts accord-

ing to some rule. The simplest Techniques would be tfo assign alfernate

Items to alternate lists, or simply to split the original list at Its
midpoint, .
Merging can best be explained by an example. In figure 8 we commence

with tists A and B. These lists consist of a number of ordered sub-

lists, A, %A, 3A,..., 'B, %8, J8,...

We merge together the firs+t sublisfs from each |ist, ]A and 1B to
form a single ordered sublist which we call 1C. 2A and ZB are merged
and called 1D. Carry on merging corresponding sublists froﬁ A and B,
placing the resulTingrlonger strings alternatively in C and D. When

lists A and B are exhausted, 1C and o are merged to form IE,

2c and %0 form 2 and so on. Clearly the sublists are getting fewer

and eventually there is only one ordered |ist.

There is no need to know where each sublist begins. This is particu-
lariy valuable at the commencement of the sort, as it enables us to make
use of any inherent ordering of the data. Hence the description "natural®

in the. name of this sorting technique.



FI1GURE 8

—_—
¥

r

N
1

—_

[¥8)
O
—_r

WNOOIUEN— |O

N — —
~ -~ -

W
N O

Im
In

WOONOU &S WN —

1
17
21



24,

Detailed Procedure

In figure 8, we look at the first items of lists A and B (the
"input? lists) and chooée the samller - a 1 from B - and transfer it
o C (an "output® list). Wé now compare +hé 2 from A with the 4
from B. Again we ‘choose the smaller, the 2., We are now In a position

+to formulate our basic rule of approach.

. RULE |

Compare the top items in each list; choose the smaller as the item
to be transferred; veplace it with the next item from the input list
from which it was taken.

This rulc works in the example in the figure until we choose the 12
Trom 18. The rule then tells us to compare the .13 from 1A with the

o]

- 2, : . . .
3 from 7B, However the 3 is to be ignored as it comes from “B.

1

We take the 13 from 1A as the next item for output. Lists 'A and

1B are now exhausted and we start uéihg rute | again on the first elements
of ?A and 280 The 3 is the smaller of these two items and it is

placed in the second output list, D, where it becomes the first element

of sublist 1D°

Two further rules are needed to determine the choice and placing of
items when either or both sublists become exhausted. These rules are
contained below in the sections ouflining the procedure for dealing with

the conditions known as single and double stepdown.

After cach comparison and transfer, the lists are in one of three
p s

conditions.,
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I NO STEP DOWN

When the items from both lists are Iargér than or equal to the last

item transferred, we have a no stepdown condition.

~We choose the lesser as the item to be transferred as described in

rule 1.
{l  SINGLE STEP DOWN

When one of the pair of ordered sublists has been exhausted, the next

item is smaller than the previous item on that sublist.

A single stepdown condition occurs when the next item on one fist is
smaller than the last item transferred and the next item on the other list
is larger than the last item transferred.

This condition arose in figure 8 when we.compared 16 from 2A with

15 from 2B and placed 15 in 0. This reveals 11 in the next

cell in B. We have the condition for single stepdown since 11 < 15
and 16 > 15,

RULE P
-.Choose the larger item for output as long as the single stepdown
condition prevatls.
111 DOUBLE STEP DOWN
In the example, figure 8,. 22 is eventually placed into 1D;‘ We
%hen find a 17 in A, and we have a 11 from‘ 8. Both 11 and 17

are smaller than 22, the last item transferred. A double stepdown

condition has occurred.
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This condition occurs when the next item on both lists Is smaller

than the last item transferred.
RULE 1

When double stepdown occurs, start a new ordered sublist in the other
output list. Carry on as for no stepdown.

In figure 8, rule 11l ensures that the ordered sublists are placed

m

alternatively in output lists C and D.
. There is one more eventuality.
ROLLOUT

Since the lists may contain an uneqﬁal number of sublists and since
these are matched off in pairs during the merge, one of the lists may
become exhausted beforeIThe other. In this case the remaining i+ems on
the unexhausted list are transferred to the output lists., Each ordered

sublist is assigned to the output lists alternatively.
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It is the policy of this Iibrary to sort each day's issues uslng the

accession number as sort key.

We assume That the accession numbers were given to the books sequenti-

ally = they will be four-digit numbers.

Suppose further that each book has an equal chance of being issued on
a given day. (This assumption is unlikely fo be valid since newer books
tend to be issued more frequently.) Statistically we are assuming that
+he sort keys are uniformly distributed random integers on the interval
[1 10 000]
Now undér these circumstances, it seems reasonable o estimate that the
book with accession number 5318 should occupy roughly 53rd place in

the final sort of the day's 100 issues.

Suppose the 53rd place is, at this stage, still unoccupied; We

immediately place this record here, and deal with the next.

Suppose 5327 crops up later on - as is not impossible. This should
also oCcup? roughly 53rd place. But this place is already occupied with
& record which has lower sort key. We therefore check if the 54+h place
is occupied -~ if not, we place the fncoming record here - if it is, we have

to perform furthar rearrangaments to fit In the new record.

The various situations which can arise, and the proéedures adopted

to carry out the. rearrangements arc described in detail in the next section.

In this exampie, the algorithm to convert the sort key into an "address"
is cléarly to divide by 100 and drop the fraction, Intuitively, this

takes into account the rectangular distribution of the sort keys.
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The address calculation algorithm is discussed in detail in Chapter 7.

SECTION TWO DESCRIPTION OF REARRANGEMENTS

Once the item has been transformed by the address calculation algorithm,
there are five possible situations. For convenience we make use of the
atgorithm in the example above tc explain these five cases. Case 1 deals
with the simple and highly desirable situation when the calculated address
poinTsVTo an empty cell. Cases 2 to 5 handle the various situations when
the calculated address is'occuﬁied. When this happens 1t is necessary to
move either the item at this address, or the incoming item. [f adjacent
cells are also occupied this will necessitate moving several items, as well
as tests to determine how many ‘items need to bé moved and in which direcT~.

ion these moves should take place.
CASE 1 CELL EMPTY

The incoming soirt key is 1940,. This number is mapped to address 19.
The state of the output list at this sfagé is given.in figure 9
column 51.
FIGURE 9

> S2 (
16 - -
17 1752 1752
18 1890 1890
New item 19 - 1940
= 1940 20 - .-
21 2188 2188
22 - -

The caiculated address ié empty. Place the incoming item at this

position, giving 52‘
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In a strict sense a cell in core Is never "empty" - 11 must contain
something.  Before the sort commences the output list is inltlallzed to
some value which cannot occur In the Iist to be sorted. To test 1f an

address is empty Is to test if the cell contains this chosen value.
CASE 2 - CELL FULL - ROOM AT THE TOP

Figure 10 illustrates this case. The Incoming sort key Is 1988,
Agaln thls is mapped to address 19. But this address is already occupied
by an item wiTh:key less than that of the incoming item. But the next

cell is-empty. Therefore place 1988 at address 20.

FIGURE 10

1 2

16 - -

17 - 1752 1752
New |tem 18 1890 1890
= 1988 19 - 1940 1940
20 - 1988
21 2189 2189

22 - ’ -
In general, there may be a number of occupied cells between the occupied
calculated cell and the next empty cell, but for CASE 2, all of these

cells must contain items with sort keys less than that of the Incoming

“Ttem.
CASE 3 - CELL FULL - ROOM AT THE BOTTOM

The.Incoming item has sort key 2703, In figure 11 the calculated
address, 27, is occupied by an item with key greater than that of the
incoming item. Therefore the incoming item belongs at a lower address.

But the cells 26 and 25 are both occupled by Items with keys greater
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than that of the incoming item. Cell 24 is vacant. So 2703 goes in

here.
FIGURE 11

51‘ 'Sz

22 2219 2219

23 - -

New item 24 - 2703
= 2703 25 2730 2730
26 2754 2754

27 2781 2781

28 - -

29 2953 2953

CASE 4 - SQUEEZE THE ITEM. IN ABOVE

Consider the situation in figure 12.  Fit in 3571,

FIGURE 12

S S ’ S

T 2 "3

33 3308 ' 3308 3308

34 3351 3351 3351

New item 35 3473 3473 3473

= 3571 36 3550 3550 3550

37 3685 (3685) 3571

38 3891 3685 3685

39 . - 3891 3891

40 4068 4068 - 4068
Address 35 s occupied, Clearly the item must be placed between
addressesr.36 and 37, which are both already occuplied. The nearest

empty cell higher than the calculated address is cell 39.

The procedure is therefore to move the contents of cells 37 and 38

to cells 38 and 39 respectlvely, as in S and to shift the incoming

23

item into cell 37, 53.
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CASE 5 - SQUEEZE THE ITEM IN BELOW

In this case, illustrated in figure 13, the incoming item, 2137, |Iis
mapped to an'address, 21, which is already occupied by an item with a
higher key. Several lower addresses are also occupied - some with items

having keys greater than that of the new item, some with lower keys.

(1) Find wﬁere the item belongs.
(i1) Find the next vacant cell with lower address.
(i11) Starting by shifting one item into this vacant cell, move back
by one space the items up to and including the cell where the
Incoming ifem belongs (82). |

(iv) Now insert the incoming item into its proper position (S3).

FIGURE 13

S S

1 . 2 3

16 - 1752 1752

- 17 1752 1890 _ 1890
New item 18 1890 1940 - 1940
= 2137 19 1940 : 1988 1988
20 1988 (1988) 2137

21 2189 2189 : 2189

22 - - -



FIGURE 14

]
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Array LIST contains data to \ >

be sorted. Array SA is sort_____§<:)k__§‘N=N+q

area, preset to -1

M=X=N=20 Calculate address

CALL ADRES(LIST(N) ADR)

b
KOUNT=0

q g
o ADR=
=2 (SA(ADR) ¢—1ADR+1 [€

2% ‘
§SA(M)=SA(K)k_ £0

Sk

'

S+
1] 1
| KOUNT= |  JKOUNT=
KOUNT+1 : KOUNT-1
s \74 -0 20
SA(ADR) < KOUNT S N/
R SLIST(N) : 7
‘2w 0 ) % ;
— ]
IADR=ADR-1 | { \~ &ADR ADR+1J '
‘\4- \»r
{_A(ADR+1) =SA(ADR)| > SA(ADR—ﬂ)-SA(ADR)_
) r { 23 4? '
{ KOUNT=KOUNT -] KOUNT=KOUNT=1 | |
I :
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SECTION 3 FLOW CHART

The flow chart for the address sort is given in figure 14, At (1)
we Initialize the sort area, in this case setting all cells In this array
to -1. At (3) we call a subroutine which caiculafes the address,

ADR, for the item currently under conslideration, LIST(N).

The desirable properties of this subroutine are discussed in the
ﬁexf chapter. Suffice it to say now, The:béffer the subroutine, the better
the sort. - We check (4) to determine if the calculated address is empty.
(We éssume that =1 cannot be a sort key.) 1f it is empty, we place the
item at this address f5). {f the calculated cell is occupied, we set a
counter, KOUNT, (6) for later use. Next we compare the item with the
contents of the calculated address to find out whether the new item should
be placed below or above the calculated cell. We consider the cases
where the comparison (7) ylelds greater than - l.e. we will be dealing
with cases 2 and 4; Cases 3 and 5 are dealt with simlilarly

(16 to 23).

At (8) and (9) we increment the calculated address by one and

check 1f this address is occupied.

[f it is empty we go to (12) and start moving ifehs, if necessary.
If it is‘occupied, we check its contents against the inccming item - (10),
If this Ifem_is greater than the contents we potentially have Case 2;
no items need to be moved and we re%urn to (8), If the Incoming ifeh
is less than the contents at the bresenf address, we have Case 4 which

requires movement of items. We use the counter to determine how many
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Items need fo be moved. Each time we go around this loop we add one tfo

the counter.

Eventually we find an empty cell (9). We fest the counter (12).
If the counter is zero, no items need to be moved (Case.Z) énd we place the
item at the cell the address is currently pointing to at (5). [f the
counter is not zero, the loop (12 to 15) moves the proper number of items

up one posifibn in the output area.

When these moves have been completed, we continue to (5) as before,
If there are more items, (24), we calculate the address of the next item

(2) and (3),
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CHAPTER 7

SECTION 1 - ~THE ADDRESS CALCULATION ALGORITHM

introduction

The development of effective algorithms to map sort keys into addresses
is crucial to the success of this sérTinQVTechnique. The only algorithm
we have considered so far is a simple one to deal with data sampled frém
a rectangular distribution. There are of course many other sort key
disTEibuTions ranging from those which are nearly rectangular, through
those which are normal, through skew distributions to Thoée which mere(y
have empirical forms ~ alphabetic sorTs.on bibliographic data in a !ibrary
catalogue are an example of this last kfnd. - The statistical distribution
of the sort keys is one of two main considerations over which we have little

or no control.

The second consideration, dictated to us by computer limitations, fis
that of core.space available for use as working storage. As will become
clear when we deal with fullness ratios the sort becomes more efficient
when there are a great deal more cells available for the output array than

there are items to be sorted.

In mathematical fterms, we are given a population universe, Q, con-
taining all the sort keys which may possibly occur. The sample we are fo

sort, denoted by L, 1is a finife subset of Q.

We are looking for a mapping, w, which maps @ into the output

list S, i.e.
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w: >9S5
S is a finite.subset of the integers taking the form
{1,2,...,n} where n 1is the number of cells avail-

able as working storage for the sort.

We consider fully the implications of the relationship between the
population universe, 2, and the sample to be sorted, L, i.e. the
distribution, in a statistical sense, of L in 2, in Section 2 of

this chapter.

Fullness Ratio

We Introduce now the concept of fullness ratio.  The ful Iness ratlo

R is defined as R = %%% where the vertical |ines denote the cardinal-

ities of the sets S and L.
In practical computer terms, this means the ratio between the number
of items to be sorted, and the core available for the wquing storage of

the output list.

In the example we considered earlier the fullness ratlo was 1.
This will be very inefficient because towards the end of the sort the
nearest empty cell to a calculated address may be a considerable distance

away.

If the number of locations in the oufpuf'lisf is at least twice that
of the number of items to be sorted then, given a good address calculation

algorithm, this sorting technique is very efficient.

If on the other hand there are not many more output locations than
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input items, the sort becomes progressively more inefficient. This in-
efficiency arises when ‘the address calculated for an incoming item points
to.a location which Is already occupied, forcing us fo go through

Cases 2 - 5, fhese cases are however unavoidable. If w were a one-
to-~onhe transformation there would be no collisions, but the wdrking area
would need as ﬁany locations as @ has elements - and wlll-frequenfly

be a continuum,

With a fullness ratio of, for example, two, half the cells In The sort
area will still be unoccupied when the last item has been dealt with., The
next stage is then to efihinafe these empty cells by collecting up the
occupied cells, Generally speaking it is.possible to use the sort arca

itself for this process, as is shown in blocks (25 to 29) of figure 14,

SECTION 2 PROPERTIES OF THE ALGORITHM

Property 1
The address calculation formula must be a non-decreasing function.

“An algorithm that maps sort key 3,08 +o address 90, 5,74 to 65
and - 7,30 to 138 s clearly not going to work!
Precperty 2

There may be no ambiguities. A single sort key may not bc mapped

to different addresses at different stages during the sort.

This precludes the possibility of "improving™ the formula as one goes
along. It is not possible to incorporate some technique to spread items

in a section of the sort area which is turning out to be "overcrowded®.
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This emphasizes the importance of having a shrewd idea of the disftribution

of the sort key before commencing.

Property 3
To minimise the number of collisions, it is clear that each elémenf

of the output list must have an equal probability of occurring. I f
"zddresses in a short section of the output array keep cropping up while
others are virtually unused, wa clearly have a very unsatisfactory algorithm.
This situation would arisc 1f we used the address formula of the example

in the inTroducTioﬁ on normally distributed data with a mean df 5 000 and
standard deviation of 230. We would then expect the addresses befween

42 and 57 to be used reéeafedly whilte the rest would be very rarely

calculated.

To satisfy this property of equal probabilifies for each address we
are looking for a transformation that will map the distribution ocur data
is sampled from into a rectangular distribution on [0, n] where n is

the number of celis available for the output list.

Fortunately, this transformation is easy to find. Hf f(x) is a
density function then the disfribution function F(x) = fx f(t)dt has

-Co

the rectangular distribution on the interval [0, 1].
Proof
Consider the random variable X with density function f(x) and

distributicon function F(x) as defined above, Let Y be the random

variable such that
Y = F(X)



40,

Then the distribution function of Y,

H(y) = P{Y < y}

= P{F(X) <y} =11 y>1
y 0<yc<l
0 y<0

Hey) = PAECO <y} = PIX < FH(y)}

F(p]

_ = (y)) =y for 0 <y <1
cfore . dHGy) v d -0 fa .
Thefufor h(y) 3y 3y 1 =0 for y >1
;%Y:l O <yl
—d-\’/*O—-O y<O

' By following this with a scalar transformation, we can get a uniform

~distribution on any interval we desire.

Consider the random‘variable X with distribution fuﬁcfion Fix).,
Then for data sampled from this distribution
| [ FOOT + 1 |
Qiii be an address calculation algorithm satisfying properties (1), (2)
and (3).  The square brackets denote "take the integral part™ and n fs

the number of cells in the output away.

Proof

(1) and (2) are frivial. NE) Suppose X4 is the 1th item in the
~array o be sorted. Let 3 be the calculated address for this item,
a8 = [n F(XI)J 1

Let k be an infeger | i_k < n.
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Then | Pla, <k}
= P{[n FxD] + 1 < k)
= P{[n F(x )] < k=13
= P{n F(xi) < k}
= P{F(xi) < k/n}
= &/n
since F(X) has the uniform disffibufion on [O , 1].
Similarly P{ai < k=1} = (k-1)/n.
Hence P{ai = k} = Pla, <k} - P{aij_k-1} = k/n = (k=1)/n = 1/n,

This is independent of Kk,

Property 4
An efficient address calculation formula must be speedily computablie.
I+ must be fast - a formula that involves lengthy calculations of compli-

_cated integrals is going to be time consuming.

Unless the distribution function has a simple closed form, properties
(3) and (4) are in conflict, A balance must be struck beTweén a
precise formula which gives a perfect transformation to the rectangular
distribution and the practical considerations of computer time. - A useful
compromise is fto provide a faﬁle of values of the injeg}al'and to inter-

polate linearly - a table of 100 velues or fewer is generally adequate.

In fact, since the data itself is never quite perfect the number of
collisicns with some gocd approximaticon to the algorithm is not likely:
to be many more than the number which the perfect algorithm would give.

The time manipulating these extra collisicns would be small compared with
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the time spent calculating a marginally better address for every item.

Two Finer Points

1) A Special Difficulty

Difficulties arise at the ends of the sort table.

in the example in the introducticn, towards the end of the sort we may

have the situation shown in figurs 15,

FIGURE 15

1 108
2 283
3 345
4 37
5 -
The next ifem to be sorted has kay 332, Then the calculated address is

3, which is occupiéd by a cell of higher key. 332 should be allocated
to address 2 and the contents of cellis 1 and 2 be shifted to make
room for it.  Thc contents of cell 1 gets shiffed out of the sort area -

disastrous for a FORTRAN DIMENSION statement.

This difficulty is avoided by providing a safety zone of "padding™

space at either end of the scrt area.

Five percen+ of the sort area - twe and a half percent at eiTheE end -
is sufficient safety if TH@ algorithm is used for the distribution it was
'designed for. I+ the Programmer fears, for example, that the sort he
has written for ncrmal data wil! be used to sort data from a lognormal

distribution he would be wise fo leave a larger margin of safety!

With a safety zone of p cells at either end of the n cells in the
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sort array the address calculation formula becomes
[(anp)F*(x)] + D
where F*(x) is either the distribution function itself, or some approxi-

mation to it.

2). Record or Recerd Index

fn the sort-area cnly the reccrd index need be stored.

In the earlier example if the twenty first record had sort key 5318,
- a 21 would be placed at address 53, assuming cell 53 1s still. un-
occupied, Any subsequent compafisons with this item which may be necessary
due to collisions are made by comparing items with the sort key of the
twenty first record and not with the actual contents of the fifty third
address.

This has fwo advanfages
(1) it saves space. Only the reccrd index, and not the whole record is

stored.

(i1) 1T is not necessary to move the whole record when collisions occur -

only move the reccrd index.

An extra instruction is needed befcre each comparison to look up the

sort key of the record index.
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CHAPTER 8

SOME PRACTICAL ADDRESS CALCULATION ALGORITHIS
Address formulae are considered here for the following types of data.

(1) Reﬁfangular
(i) Normat
(i11) Exponential
‘ kiv) A generallformula for data with a central tendency, whether

skaw or not,

These illustrate the principles involved in develcping algorithms.
The rectangular and exponential distribution have simple distribution

functions whilst the normal distribution shows the table-based approach.

(i) The Rectangular Distributicn

on
For the rectangular distribution/the interval [A,B] the distribution
. function Fix} 1is given by

xoh

F(x) = 5T

Making use of the formula

i

a,

; [(n~2p)F(xi)] +p

derivad sarlier, we have

(n=2p) (x,=A)
e ° 7

G L 2o,
B-A F B-A
x %

= noX, +p

n ant p are constants determined before the commencement of the sort.
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The algorithm is simply a linear transformation of the sort key.
With NSTAR and PSTAR predetermined constants the FORTRAN coding
for this algorithm reduces to the single statement

“IADRS = NSTAR % X(I) + PSTAR

(i1) The Normal Distribution

For this distribution the precise address calculation formula is

X. - 1 - . -
a; = [(n-Zp) [ 1216972 exp(-(20%) ‘(f-u)zm] +

-0

There are no ambiguifies; it s non-decreasing and each address in the
range [p, n—p] has an equal chance of occurring. However it does not
meet the requirements of speedy calculation! To overcome this difficulty
we approximate by providing a table of values 6f the normal Integral and

by interpolating linearly.

The amount of care necessary for a satisfactory table +oée+her with
the coding to perform the look-up operation is far less than the care re;
quired for a numérfcal infegration subroutine. (The Scientific Sub-
routine Package Program QATR, integration of a function by trapezoidal

rule, requires 386 words of core on the IBM 1130.)

The table shown in figure 16, has proved itself in pfac+ice. It con-
sists of 61 points giving the area under the N(O , 1) curve to the left

of points at intervals of ,1 between -3 and 3.

Figure 17 illustrates the use of this table. Suppose we have 1 000
records with sort keys from N(12 , 16). Suppose n = 3 000 and we

decide to let . p = 250,
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FIGURE 16

COLUMN 1 COLUMN 2 COLUMN 1 COLUMN 2
-3.0 040000 1 250 0.1 0.5398 32 1599
-2.9 0.0019 2 254 0.2 0.5793 33 1698
-2.8 0.0026 3 256 0.3 0.6179 34 1794
~-2+.7 0.0035 4 258 Oe4 0.6554 35 1888
-2.6 0.0047 5 261 0.5 0.6915 36 1978
=-2.5 0.0062 6 265 0.6 047257 37 2064
-2.4 0.0082 1 270 0.7 0.7580 38 2144
-2.3 0.0107 8 276 0.8 0.7881 39 2220
-2.2 0.0139 9 284 0.9 0.8159 40 2289
-2.1 0.0179 294 1.0 0.8413 41 2353
-2.0 0.0227 306 l.1 0.8643 42 2410
-1.9 0.0287 321 1.2 0.8849 43 2462

. =1.8 040359 339 le3 0.59032 44 25071
-1.7 0.0446 361 le4 0.9192 45 2547
-1.6 0.0548 387 1.5 0.9332 46 2582
-1.5 0.0668 417 l.6 0.9452 47 2612
-1.4 0.0808 452 1.7 0.9554 48 2638
-1.3 0.0968. 492 1.8 0.5641 49 2660
-1.2 0.1151 537 1.9 0.9713 50 2618
-1.1 0.1357 589 2.0 0.9773 51 2693
~1.0 0.1587 646 2.1 0.9821 52 2705
-0.9 0.1841 710 2.2 0.9861 53 2715
~0.8 0.2119 779 2.3 0.9893 54 2723
-0.7 0.2420 855 2.4 0.9918 55 2729
~0.6 0.2743 935 2.5 0.9938 56 2734
-0.5 0.3085 1021 2.6 0.9953 57 2738
~0.4 0.3446 1111 . 2«1 0.9965 58 2741
-0.3 0.3821 1205 2.8 0.9974 59 2743

=02 044207 1301 2.9 0.9981 60 2745
-0.1 0.40602 1400 3.0 1.0000 61 2750

0.0 0.5000 1500 : o
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FIGURE 17

Xy~ X
X, e (X, X, Flx, ),F(x, ) e, .| F(x,) | a
11 i, x i

0,1 |~2,975(~3,0 -2,9|0,0000 0,0019]0,0005 | 0,0005 | 251
0,2 {-2,950(~3,0 ~2,9|0,0000 0,0019|0,0010 | 0,0010 |252
1 |-1,475{~1,5 ~1,4/0,0663 0,0808|0,0035 | 0,0703 | 425
6,2 |-1,450|~1,5 -1,4[0,0668 0,0808|0,0070 | 0,0738 | 434
12,1 o,ozé 0,0 0,1]0,5000 0,5398(0,0099 | 0,5099 1524

12,2 | 0,050| 0,0 0,1{0,5000 0,5398/0,0199 | 0,5199 1549

The first column gives the sort key, the sscond the sort key ftrans-
formed to N(O , 1), The third column shows which values in column 1

of figure 17 to look up.  Column four shows the resuits of this opefafion.

Column five shows the | inear interpolation according fo the formula

e, = 1O(F'(><i ) - F(><.l ))(xi”xr ). Column six gives the approximation fo
2 1 1 '

the integral:

F¥(x.) = F(x, ) + e,
] | 1 I

In the seventh column is the final address calculated by the formula

(n=2p) F (x)] + p
*x)]

1l

a.

2 500 F¥0] + 250
The sort keys have been chosen to illustrate how more space is madse

available around the mean.

The probability that the fransformed point lies outside the range of
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the table, i.e. outside of [—3', 3} is about 0,0024 (one point in 350),
Points like 24,27 -16,19 and others more than three standard deviations
from the mean are given integral values of 1,0 and 0,0 respectively

and their addresses are calculatad from these values.

On the computer the actual technique used is not to convert sort keys

to NGO , 1) but fo convert then to N(31 , 100).

The integral part of the transformed item is then the first of the
two consascutive table values needed, and the fractiona! part is the pro-
pertion of the difference of these two table vélues needed for the linear

interpolation.

If the integral part is lass than one it is not equal to one and the
fractional part is set to zero. If the integral part is greater than

sixty it is set equal to sixty and the fractional pafT is set to 1,0.

As the size of the sort area, n, and the amount of padding, p,
are predeterminad, they can be incorporated into the table. Such a table

with n =2 500 and p = 250, is shown in column 2 of figure 16,

The FORTRAN “statements needed to calculate the address of normally
distributed data is shown in figure 18. The first instruction converts

the item to N(31 , 100).

Then follows a check to prevent the fcoking up of values that {fe

beyond the table.

Finally the interpolation is performed, uéing the table in column 2

cf figure 16, into which the size of the sort area and the padding space
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has been incorporated.

If the mean and variance are unknown, they are estimated by evaluating

the sample mean and variance bafore commencing the sort.

FIGURE 18

SSDEV

10./SDEV

NOROT = (X(J) - AMEAN) % SSDEV + 31.0
INT = IFIX (NORO1) ‘

FRAC = NORO1 - INT

IF (INT) 18, 18 , 19

18  INT = 1
19 IF (INT - 60) 20 , 20 , 21
.21 INT = 60

20 TADRS = TABLE(INT) + FRAC#(TABLE(INT + 1) - TABLE (INT))

(iii) The Exponential Distribution

‘The exponential distribution,

f(x) = Ae“lx x >0

0 x <0
has the particularly simple distribution function
e M

So a suitable algorithm would be

[(n-2p) (1-"**D)] + p

]

a.
!

i

n-p-[(n-2p) (¢"¥1)]

{iv) A gencral formula for data with a central tendency, whether symmetric
or skew v

This is a very powerful address generating formula. It effectively
handles data with a wide variety of distributions. It is most efficient

when the sort keys are normal or near-normal. It is, however, sufficiently
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robust to deal with even rectangularly distributed sort keys without break-

ing down.

There are three passes through the data, the first and second determin-

ing parameters used in the final pass which calculates the addresses,

The first pass determines the mean of the sort keys. The second pass
yields two parameters which are estimates of the dispersion to the left

and right of the mean.

If we have n sort keys Xis Xoseea, Xy and mean X = z?=1 X then
these parameters are given by ’
2 n -2
sy = l/ng Zi=1 (xi x) xg(xi)
where Xo(x) = |1 for x <x
0 for x > X
n
- and . ng = Zi=1 Xg(xi)
_ 2 _ n YA
and S| = l/nr 2 (xi X) Xr(xi)
where X.(x) =|0 for x < X
1 for x > X
_ N
and n. = Zi=1 Xr(xi)
si and si are used for the normalization of the sort keys, according
to formula
X, =~ X
|
v s*(xi)
where s*(xi) = sg X, < X
s2 x. > x
ro i

The third pass through the data performs this nomalization and
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calculates the addresses from the same table as is used for the sorting

of normally distributed data.

Thus, the addresses are calculated as if the data to the left of the
mean had been sampled from a normal distribution with mean x and variance
sf, and the data to the right of the mean is treated as if it came from

N(i,sz).
r

The final program in Appendix || contains a FORTRAN |listing of this

algorithm.

Figure 19 givés an indication of how this technique fits data derived
from @ number of situations. in these graphs the dotted line represents
the empirical distribution of the data. The_solid line is the distribu-
tion function by which the address sort approximates The‘empirical distri-
bution.  The graphs are all plotted from three "left deviations' (sg)

below the mean to three "right deviations" above 1t.  They have been

scaled so that the horizontal axes are of equal length.

In figure 19(a) the data are 500 sort keys generated by the
scientific subroutine GAUSS, which produces normally distributed random

numbers with a given mean and deviation.

In figure 19(b) the data are the appreciations since the beginning of
1970 to March 1971 of 738 share prices on the Johannesburg Stock Exchange.

(Appreciation = 100 Move/Last Effective Price.)

Figure 19(c) shows how the technique deals with data with a lognormal

distribution.
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In figure 19(d) the data are the volume density of shafes traded on

the Johannesburg Stock Exchange during a week,

(Volume density = 100 Volume traded/Total volume issued.)

Although the fit in graphs (c) and (d) is rather poor, the increase

in sorting time.is very small.



FIGURE 19(a)

1,0 +




FIGURE 19)
1,0 + ' .
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APPENDI X |

Figure 20 gives a comparison of the various sorting techniques describ-
ed earlier. Brief derivations of core requirements and the theoretical

number of comparisons for each technique follow,

The sort time given in the final column was the time taken to sort
1 000 random integers.  These were generated by the scientific subroutine
RANDU, The programs were +imed by instructing the computer to prin+ a
line of asterisks immediately precedihg'and foIJowiné the actual sort

instructions.

1. SELECTION

Core is required for toth input and output lists.

N-1 comparison needed for each -item, giving a total of N(N-1)

cdmparISOns.
2. SELECTION AND EXCHANGE
Only one array in core is required.

When the list is of length n, n-1 comparisons are needed to find

the next item. Hence total number of comparisons is

ZN—T

= L1 -
TN o= E NON-D)

3. COUNTING
Core is required for the input and output lisTé and the counters.

Comparisons derived as in 2.
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4. BASIC INSERTION

Only one array 'in core is requirad, As the sort proceeds this Iist

is split into an ordered and unordered sublist.

When the ordered sublist has length n, the expected number of com-

parisons is n/2. Hence total number of comparisons Is

zN-T

Y -
n=]n = uN(N 1)

1
2

5. BINARY INSERTION
Core requirements as in 4,

When the ordered sublist has length n we expect
[logzn] + 1

comparisons to locate the position for new item,

Hence total number of comparisons is approximately

N = ?
z 1 Iogzn = IogzN.
6. BINARY [NSERTION WITH UP/DOWN SHIFT

Core required for original list. Output list requires 2N cells

of core since first item is place and centre of list,
Comparisons are as for 5, but number of shifts is halved.
7. QUADRATIC SELECTION

N + /N cells needed for sublists and auxiliary list.
N cells needed for output list. (V/N-1) comparisons needed to
select item from each sublist for auxiliary list. Hence VN(/N-1) com-

parisons are needed to form auxiliary list. To output the first item
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requires a further VN-1 ‘comparisons. For each of the remalning N-1

items 2(/N-1) comparisons are needed. The overall total is

(N=-1)(2/N-1).
8. TOURNAMENT

N cells of core required for input list and for output list.

g2k

cells are needed for kth sublist. Hence total cells for sub-
lists

N/2 + N/& + ... + 2

= N

Thus total core requirements are approximafely 3N.
. !

Number of comparisons to fill the sublists is N. For each of the

remaining N-1 items 2([log,N] +1) comparisons are made.

Tota! number of comparisons is
N+ 2(N=-1)([Tog N] +1

9. NATURAL TWO-WAY MERGE
Since it is impossible to predetermine which list will eventually

contain all the tiems, it is necessary that each of the four lists has

N cells aflocated to it.

For each item during each pass, three comparisons are required. At
worst, if the data are in reverse order, ||092N| +1 passes will be

required.
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Hence number of comparisons will be less thzn

3NC[logN] + 1)
10. ADDRESS CALCULATION

Core is required for the input list and for the sort area. With
fullness ratio R, the total core requirements are thus

(N+DR

The probability of a collision when there are n occupied cells in
the sort area is n/RN,

1 oN-1

T . n= (N=1)/2R
n=1

The expected number of collisions is thus (RN)~
With R = 3,0 and N = 1000 this yields 167 collisions.

For each item there is one comparison to test if the calculated
address is occupied. = For each collision there are at least three extra
comparisons. Hence the total number of compariscns.will exceed

N + 3(N-1)/2R

For values of R greater than about 2,5 we can expect that the total
number of comparisons will not be much larger since the probability of

adjacent cells being occupied is smail.



57.

FIGURE 20

SORTING - CORE REQUIREMENTS COMPAR | SONS ' TIME
TECHN | QUE FORMULA [N = 1000 |FORMULA ‘N = 1000|{N = 1000
min:secs.

SELECTION 2N 2000 N2 999000 . 5:43

SELECTION AND )

EXCHANGE N 1000 LIN“=N) - 499500 2:54

CONTING  I3N 3000 LNZ-n) 499500 4:16

BASIC INSERTICN | N 1000 &(Nan) 249750 4:17

BINARY INSERTION| N 1000 log, (N!) 8500 2:49

BINARY INSERTION

WITH UP/DOWN 3N 3000 log, (N!) 8500 1:31
C[SHIFT -
{QUADRATIC

SELECT ION 2N+VN 1035 (N=1) (2/N=1) 65000 .37

TOURNAMENT 3N 3000 N+2N([]092N]+1) 19000 127

NATURAL TWO AN 4000 {less than

VAY MERGE | 3N([I092N]+1) 27000 227

ADDRESS (R+1)N (R+1)1000 {greater than 1500 :07 for R=3

N+3(N-1)/2R - :13 for R=1
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APPENDI X 1l

A listing of the FORTRAN coding for each of the sorting Teéhniques
described eariier (with the exception of Quadratic Selection with Presort)

fol lows.

Comment cards describe each section of the programs’— if these are
read in conjunction with the detailed descriptions, it should be possible

to follow the coding.

These programs have been carefully tested. The timings given in

Appendix | were obtained from them when a thousand items of data were

sorted,
The final listing is that of the currently most advanced version of
the Address Sort. I+ is written as a subroutine and returns to the

‘mainline program the ranking of the data to be sorted.
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LeGe UNDERHILL Tk SELECTION SORT VERSION 4

INTEGER INPUT(1000),0UTPT(1000)
DEFINE FILE 2 (1000,1yU,KREC)
DATA IPRNT/5/

101 FORMAT(® #5028ksadsaddsaqkbaseabssaes skt bi b kokasthobihsiks)

100 FORMAT {1X,12110)
HRETE{IPRNT,101)
N = 1000

C+¥%®READ LIST TO BE SORTED
READ (2°1) INPUT

C#3x%% N PASSES THROUGH DATA
DO 2 J=1,N-

CH#&x&%SET  MIN TO FIRST ITEM ON LISY
CoxsuaSET LEAST TO POINT TO THIS ITEM
MIN = INPUT(1}
LEAST = 1

CoexaaT0 C*%%] DETERMINES MINIMUM ITEM ON LIST AND ITS LOCATION

DO & K=2,N

If ( INPUT(K) = MIN) 3y 4y 4
3 LEAST = K.

MIN = INPUT{K)
4 CONTINUE

Céux]

CoxekaTQ C##%2 STORES MINIMUM ITEM AND REPLACES IT BY MAXIMUM INTEGER
Coex%xx 1130 CAN HANDLE \ '

3

QuUTPT(J) = MIN
‘ 2 'INPUT(LEAST)=32767

Cass2
WRITE(IPRNT,101)
WRITE(IPRNT,100)  OUTPT
CALL EXIT :
END '
. FEATURES SUPPORTED
ONE WORD INTEGERS
10CS

CORE REQUIREMENTS FOR .
COMMON 0 VARIABLES 2018 PROGRAM 168

END OF COMPILATION
/7 XEQ 1

#FILES(2,RNDMO)

LES
LES
LES
LES
LES
LES
LES
LES
LES
LES
LES
LES
LES
LES
LES
LES
LES
LES
LES
LES
LES
LES
LES
LES
LES
LES

Les

LES
LES
LES
LES
LES
LES
LES
LES
LES
LES
LES
LES

LES

LES
LES
LES
LES
LES
LES

LES

LES

SS

SS
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L.Go UNDERHILL #%%x SELECTION AND EXCHANGE SORT VERSION 2 #%%

INTEGER INOUT(1000) LGU SES

DATA IPRNT/S/ : LGU SES
DEFINE FILE2 {1000,1,U,KREC) LGU  SES

100 FORMAT (1X,12110} ' . LGU SES
101 FORMAT(* AR RSN E AR AR DR ARG S G R Rk RS A Sk ARG R R R G a X n sk EEHk) LGU SES

N = 1000 - LGU  SES
READ(2°1) (INOUT(L), I= 1,N) " LGU  SES.
WRITE(IPRNT,101) LGU  SES

: LGU SES

. LGU SES

CH#xxx N-1 PASSES THROUGH DATA (ON (N-1)TH PASS FINAL PAIR OF LTEMS LGU  SES
Cx¥%%%QRDERED} : LGU SES
. LGU  SES

DO 1 J = 2,N . . : L6GU SES

J1. = J-1 : LGU SES

LGU SES

Covxx*SET MIN TO FIRST ITEM OF UNSORTED SUBLIST LGU SES
Cose%uSEY LEAST TO POINT TO THIS ITEM LGU SES
MIN = INOUTI(JL) _ ' LGU SES

LEAST = Jl ' LGU SES

LGU. SES

_ LGU SES

CesxxsTO C¥%%] DETERMINES MINIMUM ITEM AND ITS LOCATION IN SUBLIST LGU  SES
DO 4 K = JeN LGU SES

1F  (INOUTIK)-MIN) - 3, 40 4 ~ LGU  SES

3 MIN = INOUT(K) LGU SES
LEAST=K . LGU SES

4 CONTINUE ’ LGU SES

' . LGU  SES

Caxx) . LGU SES
LGU SES

' , v LGU SES
CoexxeT(Q CH¥¥%2 EXCHANGES MINIMUM I[TEM WITH FIRST ITEM OF SUBLIST LGU SES
CossxxSORTED SUBLIST GROWS BY ONE ITEM, UNSORTED SUBLIST, SHRINKS ONE LGU SES
Coasus[TEM S : LGU SES
: ) LGU SES
ISAVE = INOUT(JI1) LGU SES
INOUT(J1) = [INDUT(LEAST) LGU SES

1 INOUT(LEAST)=ISAVE LGU SES

: LGY  SES

Cane2 . , LGU SES
! : . LGU SES

LGU SES

WRITE(IPRNT,101) ! : LGU  SES
WRITE(IPRNT,100) INOUT : LGU SES

CALL EXIT | . ' LGU  SES

END LGU SES

FEATURES SUPPORTED
ONE WORD INTEGERS
10Cs

'CORE REQUIREMENTS FOR
COMMON . 0 VARIABLES 1020 PROGRAM 200

END OF COMPILATVION

/7 XEQ 1 L : : LGU  SES



L.G. UNDERHILL ok SORTING BY COUNTING VERSION

INTEGER ISORT{1000)

INTEGER LIST({1000),KOUNT{1000)

DATA KOUNT,IPRNT / 1000%1,5/

DEFINE FILE 1(1000,1,U,KREC)
101 FORMAT(® EE 232332 3222222222222 2R R R YRRl A
100 FORMAT (1X,12110) : o

READ{L1'1) LIST ‘

WRITE (IPRNT,101)

N = 1000

C#sessALL COUNTERS IN ARRAY KOUNT PRESET TO ONE BY DATA STATEMENT

CHEne® N~1 PASSES (FIRST PASS DEALS WITH TWO ITEMS)
00 5 I=2,N

CHexu*THESE INSTRUCTIONS SAVE THE COMPUTER REFERENCING THE SAME
CHxx#%DIMENSIONED ITEM REPEATEDLY ~- A TIME CONSUMING OPERATION ON
Ceeox&THE IBM 1130

LISTI = LIST{I}

KOUNI = KOUNTI(1}

CousaTQ C*+%*2x1 COMPARES I TH ITEM OF LIST WITH ALL PREVIOUS ITEMS AND
Codxx%xINCREMENTS COUNTERS IN. KOUNT ACCORDING TO THE RULE = ADD ONRE
Coux2%70 THE COUNTER CORRESPONDING TO THE LARGER ITEM
: irt=l-1 '
DO 2 J=l,l1
IF(LISTE-LIST(J)) 1, 3, 3
3 KOUNI =KOUNI+1
GO TO 2 .
1 KOUNT(J)=KOUNT(J}+1
2 CONTINUE .
5 KOUNT(I)} = KOUNI

CHexl

CaeeosTQ C¥xx2 USES FINAL VALUES OF THE COUNTERS TO ORDER THE LIST
DO 4 J=1N
KNTJ = KOUNT(J}
4 ISORT(KNTJ) = LIST(J}

Coas _
WRITE(IPRNT,101} '

WRITE (IPRNT,100} ISORT
CALL EXIT

END

FEATURES SUPPORTED
ONE WORD INTEGERS
10Cs

CORE REQUIREMENTS FOR
COMMON 0 VARIABLES 3020 PROGRAM 210

END OF COMPILATION

LGU
LGU
LGU
LGU
LGU
LGU
LGU
LGU
LGU
LGU
LGU

- LGU

LGU
LtGU
LGU
LG
LGJ
LGU
LGU
LGU
LGU
LGU
LGU
LGU
LGU
LGU
LGU
LGU
LGU
LGU
LGU
LG

LGU
LGU

LGU

LGU
LGy
LGUY
LGU
LGU
LGU
LGU
LGU
LGU
LGU
LGU
LGU
LGU
LGU

61.



L.G. UNDERRILL %% BASIC IWSERTION SORT

INTEGER LIST{1000)s SHIFT
DEFINE FILE 1 {1000,1,U,KREC)
DATA  'IPRNT /5/

100 FORMAT (' *,12110)

101 FORMAT(* TIPSR 2 22222222222 22222222222 22 A

READ {1°1) LIST
WRITE {IPRNT,101)
00 5 J=2,1000

SHIFT = 0

LISTY = LIST(J)
J1 =J-1 ,
DO 1 K=1,J1

CasxsxlHILE ~ SHIFT IS ZERO WE ARE STILL SEARCHING FOR POSITION OF NEW
CexsxX[TEM, IF SHIFT IS NON ZERO WE ARE IN SHIFTING PHASE
IF(SHIFT) 4y 3y 4

coexkx{F NEW ITEM IS LARGER, EXAMINE NEXT ITEM
Cosste[F NEW ITEM IS SMALLER, START SKHIFTING

3 IF(LISTY = LIST(K}) 2e 1y 1
Ca%kax M MARKS POSITION AT WHICH NEW ITEM IS TO BE INSERTED
2 M=K
SHIFT = 1

CuxaxeG0 TO BUOTTOM OF SORTED SUBLIST, START SHIFTING THERE AND WORK
Coxte¥BACKWARDS TO POSITION MARKER M
4 MJK =M+J-K
LIST(MJUK)I=LIST(MJIK-1}

1 CONTINUE

Caexs%IF AT THIS STAGE SHIFT IS STILL ZERO, NEW ITEM IS ALREADY IN
Cex#x%CORRECT POSITION
IF  (SKIFT) 61 55 6 \
6 LIST(H) = LISTY : ‘

S5 CONTINUE
WRITE ([PRNT,101),
WRITE(IPRNT,4100) LIST
CALL EXIT
END
FEATURES SUPPORTED !
ONE WORD INTEGERS ‘
10CS :

CORE REQUIREMENTS FOR v
COMMON 0 VARIABLES 1020 PROGRAM 192

END OF COMPILATION
/7 XEQ 1
: *FILES(1,RNDMO)

o e e e o o e o e o o e A o e e e e o ode e e kR e e e e e e e e e ok o e ke e ofR o ko g o o o g ok X
LI 22 L E s R T
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LGU
LGY
LGU
LGU
LGU
LGU
LGU
LGU
LGU
LGU
LGU
LGU
LGU
LGU
LGU
LGU
LGU
LGU
LGU
LGU
LGU
LGU
LGU
LGU
LGU
LGU
LGU
LGU
LGU
LGU
LGU
LGU
LGU
LGU
LGU
LGU
LGU
LGU
LGU
LGU
LGU
LGU
LGU

LGU

LGU

IS

IS



INTEGER LIST(1000),
DEFINE FILE 1(1000
DATA IPRNT/5/ :
100 FORMAT(' *,1211Q)

LR

L.G. UNDERHILL

P,SAvVE
11y U,KREC)

BINARY INSERTION SORT

Y1

LGU
LGU
LGU
LGY

101 FORMAT(? $xmxdastdadqeadexExbadqeusaierid e obdiba s ahib st sis s )| Gy

WRITE(IPRNT,101)
N = 1000 .

C*&x%#READ ITEMS TO BE SO
READ(LI*LI(LIST(J)

RYED
J=1,N)

Cmmmmm THESE COMMENT DESCRIBE THE PROCEDURE BETWEEN C#%##¥%2 AND C¥##%%3

Clxss |

Comsis K
Ceexx%BEING COMPARED
(WHERE

CHaxxasTHUS L*P

P IS +1 OR

IS HALVED IN EACH LOOP BETWEEN Cwxx%x&2 AND Cex%%%3

POINTS TO CELL IN THE SORTED SUBLIST WITH WHICH NEW 1TEM IS

-1} 1S THE FACTOR WHICH MUST

CaskxdBE ADDED TO K SO THAT IT POINTS TO WHERE THE NEXT COMPARISON

Cu¥axxWILL TAKE PLACE

Cexexe P [S SET TO +1
C#xexz P[5 SET TQO -1
Cxsex&]F NEW ITEM AND LI
Ce¥x%%xxLEAVE [NNER LOOP

CeetxxWHEN L BECOMES EQ

IF NEW ITEM HAS GREATER SORT KEY THAN
IF NEW ITEM HAS SMALLER SORT KEY THAN

ST(K) HAVE EQUAL KEYS,

UAL TO 1

LIST(K)
LISTI(K)

SET P TO +1 AND

WE HAVE DETERMINED BETWEEN WHICH

CokexxPAIR OF ITEMS ON SORTED SUBLIST NEW ITEM IS TO BE INSERTED AND

Cosux&iWE LEAVE INNER LOOP

ARE SET TO 0 , +1

AND

J RESPECTIVELY AT THE

Cose#2BEGINNING OF EACH OUTER LOOP (Coestds] TO CHdkkss)

Covtean]
D0 1 J=2,N
Céxsks K , P AND L
K = 0
P=1
L =J
Cesexxix SAVE
SAVE = LIST(J)
CHovsd)

3 L=(L+1)/2
K=K+ %P~
IF  (K)
12 IF  (K-J)
14 IF (LIST(K)-SAVE)
5 P=1
GO Y0 4
7 P=~1

4 IF {(L-1)

5y 5112
L4y Ty 7
59 64 7

2, 2y 3

CONTAINS THE NEW ITEM TO BE INSERTED

LGU
LGu
LGU
LGU
LGu
LGU
LGU
LGU
LGU
LGU
LGU
LGU
LGU
LGU
LGU
LGY
LGU
LGU
LGU
LGU
LGU
LGU
LGU
LGU
LGU
LGU
LGU
LGU
LGU
LGU
LGU
LGU
LGU
LGU
LGU
LGU
LGU
LGU
LGU
LGU
LGU
LGU
LGU
LGU
LGU
LGU
LGU
LGU
LGU
LGu
LGU
LGU
LGU
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RIS
BIS
B1S
BIS
BIS
BIS
BIS

BIS

BIS
BIS
BIS
8IS
8IS
BIS
BIS
3IS
BIS
BIS
BIS
BIS
8IS
BIS
B1S
BIS
B1S
BIS
B1S
BIS
8IS
BIS
8IS
BIS
BIS
8IS
BIS

BIS -

BIS
BIS
8IS
BIS
BIS
BI1S
BIS
BIS
BIS
BIS
BIS
8IS
BIS
. BIS
BIS
8IS
BIS
BIS
BIS
8IS
8IS
BIS



L.G. UNDERHILL Rt BINARY INSERTION SORT  #x%

6 P=} LGU 8IS

LGU BIS

Couuke3 LGU 8IS
LGU BIS

LGu BIS

CuesxxTHIS FORMULA CALCULATES THE NUMBER OF ITEMS THAT REQUIRE SHIFTING LGU BIS
Cozus%]T IS A FUNCTION OF J THE CURRENT LENGTH OF THE SUBLIST, THE LGU  BIS
CoxtokPQSITION K AT WHICH THE LAST COMPARISON OCCURRED AND P wWHICH LGU BIS

CAn&&sMAKES THE ADJUSTMENT FOR PLACING THE NEW ITEM ABOVE OR BELGYW LGU BIS
Cosxsx L [ST(K) : LGU BIS
: LGU BIS

2 MOVES=J=K-(P+1)/2 : ) LGU BIS

L : LGU BIS

LGU BIS

Coesx&TREAYT SPECIAL CASE WHEN NUMBER OF MOVES 1S ZERO SEPARATELY LGU BIS
CtuxseQTHERWISE START SHIFTING AT TOP OF SORTED SUBLIST AND FINALLY - LGU BIS
Cos&EMOVE THE NEW ITEM STORED IN SAVE INTO ITS CORRECY POSITION LGU BIS
) LGU BIS

IF (MOVES) 9, 9,10 LGU BIS

9 LIST{J)=SAVE v . LGU BIS

GO TO 1 LGU BIS

LGU BIS

10 DO 8 M=1,MOVES v LGU BIS
M= J-M : LGU BIS

8 LIST{JIM+L)=LIST(JM) , LGU BIS
KP=K+{P+1)/2 v . LGU BIS
LIST{KP)=SAVE ) : LGU BIS

L CONTINUE LGU BIS

LGU 8IS

Cosxkng LGU BIS
: : LGU BIS

. LGU BIS

WRITE (IPRNT,101) LGU 8IS
WRITE(IPRNT,100) {LIST(J),J=1,N)} | LGU 8IS

CALL EXIT i LGU 8IS

END : : LGU BIS

FEATURES SUPPORTED
ONE WORD INTEGERS
iocs

CORE REQUIREMENTS FOR )
COMMON O VARIABLES 1024 PROGRAM 310

END OF COMPILATION '
/7 XEQ 1 o . LGU 8IS
€FILES{1,RNDNOD) : : LGU BIS

P e i S s R ]
E 3 g a2 s S R R S a2 L

11 35 43 73 75 91 131 187
353 355 . 385 403 435 483 523 563
129 747 771 779 849 899 923 953

1051 1099 1131 ) 1145 ¢ 1169 1171 1225 1227
1353 1403 1497 1505 1539 1547 1705 1707

1811 1819 1849 1851 - 1859 1889 2059 2129

o4,

195
579
961
1241
1745

S 2131
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L.G. UNDERHILL * BINARY INSERTION SORT WITH RETAROD/ADVANCE #

INTEGER LIST{1000),SORT(2000),21P,P LES BIRA
DEFINE FILE 1(100041,U,KREC) : LES BIRA

DATA IPRNT/S5/ _ LES BIRA

100 FORMAT(® %,12I10) LES BIRA
10]_ FORMAT{® *###3*##*##*##*#*#&‘##*##**##*##t#v####t####*#&*#*#*’*##&')LES BIRA
WRITE(IPRNT,4101) LES BIRA

N = 1000 _ ~ LES BIRA
READ(1¢1) { LIST{J), J = 1,N) LES BIRA

v LES BIRA

Cevas3spLACE FIRST ITEM OF ARRAY TO BE SORTED AT MIODLE OF ARRAY SORT  LES BIRA
SORT{1000)=LIST(1) : LES BIRA

. LES EIRA

Cssss% ITOP AND IBOT MARK THE LIMITS DF SORTED SUBLIST IN ARRAY SORTLES BIRA
IY0P = 1000 _ _ LES BIRA

180T = 1000 , LES BIRA

‘ _ LES BIRA

DO 1 J=2,N v : LES BIRA

LISTJ =LIST(J) ' o LES BIRA

. LES BIRA

Ceuexx K 4 P AND L ARE AS BINARY INSERTION SORT LES BIRA
) LES BIRA

K=180T ~ 1 . ‘ LES BIRA

p=r . : ' v " LES BIRA

21P = 1 . LES BIRA

IVEST = 1 : . LES BIRA

L=J o LES BIRA

4 IF {(L=-1) 29 24 3 : LES BIRA

3L = (L+1)/2 ' LES BIRA
K=K+L %P . LES BIRA

IF (K - 180T) S,17,17 : : LES BIRA

17 IF (K - ITOP) 18,18, 7 LES BIRA

‘ LES BIRA

18 IF {SORT(K)=-LISTJ) S¢ 6y T _ LES BIRA

5 p=1 _ LES BIRA

GO TO 12 LES BIRA

7 P=-1" , LES BIRA

12 IF (ITEST) o 4y 4411 S LES BIRA

11 ITEST = O , : ‘ LES BIRA
cassax ZiP DETERMINES WHETHER WE RETARD OR ADVANCE LES BIRA
Casse4AFTER THE FIRST COMPARISON ZIP IS SET EQUAL TO THE CURRENT LES BIRA
CHos4%VALUE OF P LES BIRA
Z1p = P E LES BIRA

GO TO 4 ' " LES BIRA

6 P=1 . : LES BIRA

, : LES BIRA

Ca%ea%ADJUSTS LIMITS OT SORTED ARRAY : LES BIRA
2 1BOT = I80T-(1-21P}/2 ' LES BIRA
ITOP = ITOP+(Ll+ZIP}/2 LES BIRA

: LES BIRA

C+53x%COMPUTES NUMBER OF SHIFTS UP OR DOWN REQUIRED . LES BIRA
MOVES = (1-ZIP)*(K-IBOT-{1~P)/2)}/2 LES BIRA

1 + (ZIP+1)&(ITOP-K-(P¢1)/2)/2 ' - LES BIRA

. : ’ LES BIRA
C#so%%TREAT SPECIAL CASE OF NO MOVES (ITEM GOES AT LIMITS) SEPARATELY  LES BIRA
IF (MOVES) 9, 9,10 LES BIRA |

: . LES BIRA

Coxes%sTREAT SHIFTS UP OR DOWN SEPARATELY LES BIRA

10 IF (Z1IP) 14,15,15, - LES BIRA

'



66.

L.G. UNUERHILL * BINARY INSERTION SORT WITH RETARD/ADVANCE *

l4 DO 16  M=1,MOVES ' _ LES BIRA
MBOT = 1BOT+M LES BIRA
16 SORT(MBOT-1) = SODRT{MBOT) = LES BIRA
GO 10 9 _ LES BIRA

15 DO 8  M=1,MOVES . . LES BIRA
MTOP = ITOP-M ' : LES BIRA

8 SORT(MTOP+1) = SORTIMTOP) S LES BIRA
, : LES BIRA
CotxxxCOMPUTES POSITION AT WHICH NEW ITEM MUST BE INSERTED LES BIRA
9 KP = K+(P+ZIP}/2 ' LES BIRA
1 SORT{KP) = LISTY LES BIRA
LES BIRA

WRITE(IPRNT,101) - LES BIRA
WRITE(IPRNT,100) (SORT(J)y J=IBOT,ITCP) LES BIRA
CALL EXIT LES BIRA
END : LES BIRA

FEATURES SUPPORTED
ONE WORD INTEGERS
10CS

CORE REQUIREMENTS FOR
COMMON 0  VARIABLES 3038 PROGRAM 448

END OF COMPILATION
/7 XEQ 1 ‘ LES BIRA
$FILES(1,RNDMO) : ' LES BIRA

o 3 e e e e e e o o o o o o e e e e e o oo e o e o e e ol e e e e e o o o e ot o e e ek o e e kol o
R 232 322 PR L2222 R 2R R et sl

11 35 43 73 75 91 131 187 195
353 355 385 403 435 , 483 523 ' 563 579
729 . 747 771 779 849 " 899 923 953 961

1051 1099 ©1131 7 114% 1169 1171 1225 1227 1241
1353 1403 1497 150% 1539 1547 1705 1707 1745
1811 1819 1849 1851 1859 1889 2059 2129 2131
2169 2221 2235 2315 2355 2419 2441 2505 2515
2579 2625 . 2633 2659 2673 2675 2713 2731 2753
2817 2827 2841 2921 2961 2971 3025 3041 3083
3185 3225 3257 3313 3315 3339 3347 3353 3425
3491 L3497 3571 3601 3713 - 3737 3747 3755 3785
3899 3913 3931 3961 4003 " 4017 4019 4033 4099
4273 4305 4361 4529 4539 4571 4577 - 4585 4603
4779 4899 4947 4961 4963 4985 5001 5065 5091
5289 5331 5393 5425 © 5475 5561 5625 5633 5681
5811 5889 5931 5937 5939 5979 6001 6003 6019
6203 6259 6345 6363 6441 6473 6514 6529 6545
6665 6683 6777 6779 6787 6803 6825 6851 6899
6993 7105 7147 7155 7185 C 7267 7273 7305 7395
7563 7571 7603 7625 7731 7763 7171 7779 7801
7889 7931 7979 8041 RGS9 8075 8089 8131 8l4a7
8211 8233 8251 8331 8337 8339 8353 8355 B41l
8601 8603 goll 8617 8705 8729 8731 8793 8843
8937 89717 8979 " 9049 . 9099 - 9113 9121 9225 9241
‘9345 9347 . 9355 9395 9411 9457 9507 9523 9561

9601 9611 9643 9699 9747 9763 9785 9795 9817



- L.G. UNDERHILL #%* QUADRATIC -SELECVION WITHOUT PRESORT

INTEGER LIST(33,32),S0RT{1000),PLACE,AUX,1THIN{33)
DEFINE FILE 1(1000,1,U,KREC)
DATA PLACE/ L/, IMP/O/, IPRNT/S/
DATA MAX/32761/
100 FORMAT{' *,12110)

LES
LES
LES
LES
LES

101 FORMAT(® #**#*#ﬁ*ﬁ*###*##**##########ﬁ#*##ﬁ###ﬁ#####**####**##*#' JLES

Csss3s [TEMS TOTAL NUMBER OF ELEMENTS TO BE SORTED
ITEMS = 1600
ITEMS = 800
WRITE {IPRNT,101)

C*****DETERHINE NUMBER OF ITEMS IN EACH SUBLIST

Cass&aSUBLISTS HAVE UP TO TWO ELEMENTS LESS THAN THE ROUNDING OFF TO

Cte#eewTHE NEXT INTEGER OF THE SQUARE ROOT OF ITEMS
cewssx [TMIN{J) NUMBER OF ITEMS IN J TH SUBLIST

- LISTS = IFIX({ SQRT{(FLOAT(ITEMS))+1.000001).

IF ((LISTS-1)%%2=1TEMS) 19,18,16
18 LISTS = LISTS~1 .
" LOVER = 0
GO T0 10 .
19 LOVER = LISTS*%2-ITEMS
I[F (LOVER-LISTS) 10410411
11 [#P =1 .
10 LIMP = LISTS-IMP
' NOVER = LOVER- IHP*LISTS

00 1 J=1,LISTS
1 ITMIN(J) = LIMP

[€  (NOVER)} 16521420
20 LIMP = LiMP-1
00 2z J=1,NGVER

Do 2 J=1,NOVER
2 TTMINGJ) = LINMP

C*¥xx&FORM SUBLISTS

21 READ {1'1}{SORT{J},J=1,ITEMS)
P = 1
DO 23  J4=1,LISTS
ITEMJ=ITHIN{J}
D0 22 K=1l,I1TEMJ
LIST{JsK)=SORT{IMP) ' ,
22 IMP = [MP+) ; « :
23 CONTINUE 1

C*eeseFORM AUXILIARY LIST — FIND MINIMAL ELEMENT IN EACH SUBLIST

AUX = LISTS+1
[TMINLAUX) = LISTS
D0 5 K=1,LISTS
6o TO 3

8 LIST(AUX,K) = MIN

5 LIST(K,LEAST)=MAX

LES
LES
LES

LES

LES
LES
LES
LES
LES
LES
LES
LES
LES
LES
LES
LES
LES
LES
LES
LES
LES
LES
LES

- LES

LGU
LES
LES
LGU
LES
LES
LGU
LES
LES
LES
LES
LES
LES
LES
LES
LES
LES
LES
LES
LES
LES
LES
LES
LES
LES
LES
LES
LES

Qs
Qs
Qs
Qs

Qs

Qs

67.

VERSION 3

%



L.G. UNDERHILL #%* QUADRATIC SELECTION WITHOUT PRESORT

Ce#ss5FIND MINIMUM OF AUXILIARY LIST FOR OUTPUT

P
15 PLACE

K .

G0 TO
9 IF (MIN=HAX) © 17416416
17 SORT(IMP) = MIN

IMP = INMP+1

1
2
AUX

L I ]

w

Co3so2REPLACE ITEM CHOSEN FROM AUX!L!ARY LIST WITH SMALLEST ITEM FROM
CHou&*CORRESPONDING SUBLIST

K = LEAST
PLACE = 3
GO 70 3

12 LIST(AUX,K)} = MIN
LIST(K,LEAST) = MAX
GO TO 15

C3&3%oROUTINE TO FIND SMALLEST ITEM -~ STRAIGHf SELECTION

3 LEAST = 1
MIN = LIST(K,1)
ITEMK = ITMIN(K)
DO & J=2 ,ITEMK .
IF (LIST(K,Jd)=MiN) 6y 4y 4
6 LEAST = J y
MIN = LIST(K,J) '
4 CONTINUE
GO TO (8,9,12), PLACE

16 WRITE(IPRNT,101)
WRITE(IPRNT,100) SORT
CALL EXIT
END

FEATURES SUPPORTED
ONE WORD INYEGERS !
I0Cs '

CORE REQUIREMENTS FOR
COMNMON 0 VARIABLES 2120 PROGRAM - 510

END OF COMPILATION
77 XEQ 1
*FILES(1,RNDMO,1CEC)

LES
LES
LES
LES
LES
LES
LES

L LES

LES
LES
LES
LES
LES
LES
LES
LES
LES
LES
LES
LES
LES
LES
LES
LES
LES
LES
LES
LES
LES
LES
LES
LES
LES
LES
LES
LES
LES
LES
LES
LES
LES
LES
LES

- LES

LES

LES

Qs
Qs
Qs
Qs
Qs
Qs
Qs
Qs
Qs
Qs
Qs
Qs
Qs
Qs

Qs

Qs

68,

VERSION 3

%



L.G. UNDERHILL Tk TOURNAMENT SORT xE &

INTEGER LIST{2500),SORT(1000),TABLE(15)
DATA IPRNT M,MAX /5,2,32767/
DEFINE FILE 1{1000,14U,KREC)

100 FORRAT(* *',12110)

69.

LGU
LGU
LGU
LGU

101 FORMAT(® Sxdsddggsdfeddadtdgeehirts o onakotsa R fdaeshkebots? )L GU

WRITE (IPRNT,101)

" g=-----THESE COMMENTS ARE A GENERAL OESCRIPTION OF THE PROGRAM
Commmm BETWEEN C*#x%%]l AND CH%&x%2

Cx&se+ TABLE(M) STORES THE LOCATION OF THE START OF THE M TH SUBLIST
Coxkx[T [S ALWAYS EVEN

Cxxakx J POINTS TO POSITION WHERE CURRENT COMPARISON IS TAKING PLACE
CexsexIN  (M-1)TH SUBLIST

Cotau%x JDASH POINTS TO POSITION IN M TH SUBLISYT WHERE THE WINNER OF
CorexTHIS COMPARISON IS STORED

—_—

Coxxsx §  INCREASES IN STEPS OF TWO. IT IS ALWAYS AN EVEN NUMBER. IT
CH¥sexALWAYS POINTS TO THE FIRST OF THE TWO ITEMS BEING COMPARED

Coe#¥% JDASH IS INCREMENTED BY ONE

CusttxWHEN J BECOMES EQUAL TO TABLE(M) THE (M-1) TH SUBLIST IS
CukRasg XHAUSTED, THE M TH SUBLIST IS COMPLETEs, AND THE FIRST
CHu®&%EVEN-NUMBERED CELL AFTER JDASH BECOMES TABLE{M+])

Cx#xsxNOTE THAT THE M TH SUBLIST IS APPROXIMATELY HALF THE LENGTH OF
Conxs%THE (M-1) TH SUBLIST

CHu%uxNOTE THAT [N ALL SUBLISTS (OTHER THAN THE FIRST) THE ADDRESSES
CoesskARE STORED, AND NOT THE KEYS THEMSELVES

CHx#%%FIRST ITEM SET GREATER THAN MAXIMUM POSSIBLE SORT KEY
LIST(1l) = MAX

N = 1000
N1 = N+l _
READ(L'1) (LIST(J);J=2,N1)
J=2 : .

CaxszuxINITIAL SETTING OF JDASH TO FIRST EVEN NUMBER AFTER N
LIST{N+2) = MAX '
JDASH = 2%((N+3)/72) .

R TTTT3]

7 TABLE(M) = JDASH

CxexxuSINCE FIRST SUBLIST CONTAINS KEYS IT IS TREATED SEPARATELY
20 IF (M-2) 8, 8y 9
8-KO = J ' .

LGU
LGU
LGU
LGU
LGU
LGU
LGU
LGU
LGU
LGU
LGU
LGU
LGU

“LGU

LGU
LGU
LGU
LGU
LGU
LGU
LGU

. LGU

LGY
LGU
LGU
LGU
LGU
LGU
LGU
LGU
LGU
LGU
LGU
LGU
LGU
LGY
LGU
LGU
LGU
LGY
LGU
LGU
LGU
LGU
LGU
LGU
LGU
LGU
LGU
LGU
LGU

LGU

LGU



L.Ge UNDERHILL F &% TOURNAMENT SORT
Kl = J#1
GO0 10 10
9 KO = LIST(J}
Kl = LIST{J+1)

10 IF (LIST(KO)~LIST(KL)}) 1, 1+ 2
1 LIST{JDASH) = KO

G0 T0 3 -
2 LIST(JDASH) =Kl

3 J=J¢2
JDASH = JDASH + 1

IF (J-TABLE(M)) 2045 15

CoeanBTHE SUBLISTS ARE COMPLETED WHEN THIS CONDITION IS MET
" 5 [F (JDASH-J-1) 69604

Connusir  JDASH IS ODD THESE INSTRUCTIONS MAKE LIST(JDASH} REFERENCE

Cetoxt LIST{(1) , AND CONVERT JDASH TO THE NEXT EVEN NUMBER
Cesuxu[F  JDASH IS EVEN THESE INSTRUCTIONS HAVE NO EFFECT

4 LIST(JDASHI = 1
JDASH = 2%((JDASH+1)/2)
M=M+1 '
Go 10 7
Coksn®2

6 JDASH = JDASH =~ 1
DO 11 K=1,N

C#%a%x%QUTPUT THE WINNING ITEM AND REPLACE IT WITH MAXIMUM SORT KEY
KO = LIST{JIDASH)
SORT(K} = LIST(KOQ)
LIST{KO) = MAX

Co+x0%FIND POSITION -THIS IfEH OCCUPIED IN SECOND SUBLIST

i

MM = 2
KL = {K0-2)/2 ' _
JDASH = TABLE(MM)+K1
IF (KO~2%K1-2) 12,12,13

13 X0 =K0-2

Castx%REPLACE IT IN SECOND SUBLIST WITH ITEM IT WAS ORIGINALLY
Ca#x2ECOMPARED WITH
12 LIST{JDASH) = KO+1

CrxssxfF IND POSITION WHICH MUST BE ADJUSTED IN THIRD AND SUBSEQUENT
Cuxxn¥SUBLISTS ’

14 MM = MM+]1

T

70.

LGU
LGU
LGU
LGU
LGU
LGU
LGU
LGy
LGU
LGU
LGU
LGU
LGU
LGU
LGU
LGU
LGU
LGU
LGU
LGU
LGU
LGU
LGU
LGU
LGU
LGU
LGU
LGuU
LGU
LGU
LGU
LGU
LGU

LGU.

LGU

-LGU

LGU
LGU

‘LGU

LGU
LGU
LGU
LGU
LGU
LGU
LGU
LGU
LGU
LGU
LGUY
LGu
LGY
LGU
LGU
LGU
LGU
LGU



L.Gs UNDERHILL &% TUURNAMENT SORT

[F(M=-MM+]) 11,11,15

Cxeesx KO GIVES POSITION IN (MM~1) TH SUBLIST RELATIVE TO TABLE{(MM=-1)LGU
Cawsax K1l GIVES POSITION IN M TH SUBLIST RELATIVE TO

15 KO =K1
KL = K0/2 A
IF (K0-2%K1) 16416,17

17 KO = KO~1

TABLE (MM)

Tk

Cxx&¥x% JDASH NOW GIVES 'POSITION IN- (MM=-1) TH SUBLIST RELATIVE TO

Coa3#xSTART OF LIST
16 JDASH = TABLE(MM-1)+KO

Coo4#% J AND J1 REFER TO LOCATIONS IN FIRST SUBLIST WHERE THE SORT

Ce%#xxKEYS THEMSELVES ARE STORED
J = LIST{JIDASH)
J1 = LIST{JDASH+1)

Cofeki JDASH NOW GIVES POSITION IN MM TH SUBLIST RELATIVE TO START

CesessDF LIST ,
JDASH = TABLE(MM) + K1

C»exxdCOMPARISON TO SEE WHICH ITEM GOES FORWARD TO
IF (LIST(J}=LIST(JL)) 18,18,19
18 LIST(JDASH) = J
GO 70 14
19 LIST(JDASH) = J1l
GO TO 14

11 CONTINUE
WRITE (IPRNT,101)
WRITE (IPRNT,100) SORT
CatlL EXIT
END

FEATURES SUPPORTED
ONE WORD INTEGERS
{0Cs

CORE REQUIREMENTS FOR
COMMON 0 VARIABLES 3540 PROGRAM 516

END OF COMPILATION
/1 A 1

“FILES(L1,RNDMO)

MM TH SUBLIST

05 e ofe 00 20 e oo ok e ok o o ke o o ool g o e o o ok e ook QR o e o e R
e L e e T T L

11 35 43 : 73 75
353 355 385 . 403 435
729 747 71 779 - 849

1051 1099 1131 o 1143 1169
1353 1403 1497 1505 - 1539
1811 1819 1849 . 1851 1854
2169 22217 2235 2315 2359%

2579 2625 2633 2659 2673

91
483
899

1171
1547
1889
2419
2675

131
523
523
1225
1705
2059
2441
2713

LGU
LGU

LGU
LGU
LGU
LGU
LGU
LGU
LGU
LGY
LGU
LGU
LGU
LGU
LGU
LGU
LGU
LGU
LGU
LGU

LGU
LGU
LGY
LGU
LGU
LGU
LGU
LGU
LGU
LGU
LGU
LGU
LGU

LGu

LGu

IS

TS

187
563
953
1227
1707
2129
2505
2731

71.

195
579
961
1241
1745
2131
2515
2753



, L.G. UNDERHILL Bk NATURAL TWO-WAY MERGE
INTEGER tIST{4,1001}) ,0UT1,0UT2
DATA ISTAR /32767/
DATA {TE 7500/
DATA NIP,0UT1,0UT2/3,1+2/y IPRNT /5/
DEFINE FILE 1(1000,1,U,KREC}
100 FORHKAT (* ',12I110)

101 FORMAT{? by hbhshhdbhehrdgyhhghdibphihrriihhenebhrshssiks ) GU

WRITE (IPRNY,101)

o052 SPREADS DATA OVER THO LISTS
READ(LI*1) ({LIST(IsJ),J=1,ITE) ,1=1,2)

Cease%PLACES ENDO OF FILE MARK AT END OF LISTS
ITE = ITE ¢ 1 ~
DO 20 I=1,2"
20 LIST{I,ITE) = ISTAR

Cx%%%x TA AND IB MARK POSITIONS IN THE LISTS OUT1 AND 0QUTZ FROM
Cueni%WYHICH DATA IS BEING TAKEN
18 1A =1 '
6= 1

Cessxt IX  MARKS THE POSITION IN THE LIST INTO WHICH DATA IS CURRENTLY
Cose*BEING PLACED

IX =1
Co%Eu% [Y  MARKS POSITION IN ALTERNATE QUTPUT LIST
Iy = 1
ip =1
I1E = 1
Css%%x NIP TELLS WHICH PAIR OF LISTS ARE CURRENTLY IN USE FOR OUTPUT
INn = NIP ‘ ‘. )
C&+%¢xNQ STEPDOWN = TESTS WHICH I[TEM SHOULD BE QUTPUTTED
4 IF (LIST(OUTL,IA)=-LIST(OUT2,1B)) . 1, 3, 3
1 LIST (IN,IX) = LIST(OUTL;IA)
IA = 1A + 1
IX = IX + 1

i

Cx%&x*VESTS FOR END OF LIST AND ROLLOUT -

IF (LIST{OUTLl,IA)-ISTAR)} 2410, 2
Coe%%%TESTS FOR SINGLE STEPDOWN
2 1IF (LIST(OUTL,[A) - LIST(OUTL,1A-1)]) 11y 4y 4
3 LISTUIN,IX) = LlST(OUTZ.IBi

IB = 1B + 1

IX = IX + 1

IF (LIST(OUT2,1IB) ~ ISTAR) ’ Se¢12y 5
S IF (LIST(OUTZ2,I8)- LIST(OUTZ,18-111} 13, 4, 4

¥k

LGU
LGU
LGU
LGU
LGU
LGU

LGU
LGU
LGU
LGU
LGU
LGU
LGU
LGU
LGU
LGU
LGU
LGU
LGU
LGU
LGU
LGU
LGU
LGU
LGU
LGU
LGU
LGU
LGU
LGU
LGU
LGY
LGU
LGU
LGU
LGU
LGU
LGU
LGU
LGU
LGU
LGU
Lsu
LGU
LGU
LGU
LGU
LGU
LGU
L6y
LGU
LGU
LGU
LGU
LGU
LGU

72.

N2WM
N2WM
N2WM
N2WM
N2WM
N2wM
N2WM
N2HM
N2WM
N2WM
N2WHM-
N2WH
N2WM
N2¥WM
N2WM
N2WM
N2WM
N2WHM
N2WM
N2WM
N2WM
N2WM
N2HH
N2WM
N2WM
N2WM
N2WM
N2 WM
N2WM
N2WH
N2WM
N2WH
N2WM
N2WM
N2WM
N2WM
N2wM
N2WM
N2WM
N2WHM
N2 WM
N2 WM
N2Z2WM
N2WM
N2WM
N2¥M
N2vWM
N2WM
NZ2WM
N2WH
N2WM
N2WM
N2WM
N2WM
N2WHM
NZWM
NZWM
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L.G. UNDERHILL LAk NATURAL TWO-WAY MERCE Tk

13 LISTUIN,IX) = LIST(OUTL,1A) LGY N2WM

IA = [A + 1 LGU N2uWM

IX = IX + 1 " LGU N2WM

IF (LIST{OUT1,1A) ~ LIST(OUTL,IA~1}) l4, 6y 6 LGU N2WM

6 IFf (LIST(OUT1,IA) - ISTAR) 13,10,13 : LGU N2WM

10 1E = 2 , ' LGU N2WM

GO TO 15 LGU N2WM

il LIST{IN,IX) = LIST{OUT2,1I8) i ‘ LGU N2WM

I8 = IB + 1 LGU N2WM

IX = IX.+ 1 LGU N2WM

: ' : : LGU N2WM

' LGU N2WM

Cxe#%xTESTS FOR DOUBLE STEPDOWN : LGU N2WM
- - A LGU N. WM

IF (LIST{QUT2,IB) - LIST(OUT2,IB~1)) 14, 7, 7 LGU N2HM

7 IF (LIST(OUT2,1B8) - ISTAR) 11512511 LGU N2WM

12 1€ = 3 ' LGU N2WM

GO 10 16 ) LGU N2WM

© LGU NZWM

: : ' LGU N2WM
CE¥a%x&CHANGE TO OTHER OUTPUT LISY _ LGU N2WM
LGU N2WM

14 IN = IN + IP . : LGU N2WM

1P = —-IP . LGU N2WM
ISAVE = 1IX : LGU N2WM °

IX = 1Y ' LGU N2WM

IY = ISAVE LGU N2RWM

_ LGU NZWM

Ceesdx fE = 1 UNTIL AN END OF FILE MARK ENCOUNTERED LGU N2WM
Cosxxs [E = 2 ROLLOUT FROM LIST QuUT2 LGU N2WM
Casxte IE = 3 ROLLOUT FROM LIST O0UuTl ‘ : LGU N2WM
GO T0 (44+8,9), 1E LGU N2WM

: LGU N2WM

. _ LGU N2WM

C¥2%*%ROLLOUT FROM LIST. 0QUuT2 LGU N2WM
' ‘ LGU N2WM

8 LIST{IN,IX) = LIST(OUT2,I18) o LGU N2WM

I8 = IB + 1 B LGU N2WM

IX = IX + 1 ~ . LGU N2WM

LGU N2WM

Ce«%%xXxTEST FOR END OF LIST  0QUT2 : LGU N2WM
IF (LIST(OUT2,IB) - ISTAR) 15,17,15 . LGU N2¥M

' LGU N2WH

LGU N2WM

Cesxk%ASSIGN SORTED STRINGS TO ALVERNATE OUTPUT LISTS LGU N2WM
15 1F (LIST(OUT2,1I8) - LIST{OUT2,18~1)) 14, 8,8 LGU N2WM

. . LGU N2WM

9 LISTHIN,IX} = LIST(OUTL,1A) , LGU N2WM

IA = IA + 1 ' LGU N2WM

IX = IX + 1 : LGU N2WM

IF (LIST(OUTL,I1A) - ISTAR) 16,17,16 LGU N2WM

16 IF (LIST(OUT1,IA) -LIST(OUT1l,IA-1)) 14+ 9, 9 LGU N2WHM

: ’ LGU N2WM

CxxxsdpPLACE END OF FILE MARKERS ON OUTPUY LISTS LGU N2WM
17 LIST{IN,IX) = ISTAR . LGU N2WM

IN ‘= [IN + [P : LGU N2WM
LIST{IN,IY) = ISTAR LGU N2WM

' LGU NZWM

Coxx&eSWOP INPUT LISTS FOR OUTPUT LISTS - L5GU N2WM



L.G. UNDERHILL k& NATURAL TWO-WAY MERGE

[SAVE = OUT1

OUT1 = NIP
NIP = ISAVE
oUT2 = DUTL + 1 ‘ —

Coxxx&TEST IF ALL [VEMS ARE ON ONE QUTPUT LIST
IF {IX ~ 2%ITE + 1) 18+19,19

19 WRITE (IPRNT,101)
WRITE (IPRNT,100) (LIST(OUTL,K},K=1,1000}
CALL EXIT .
END

FEATURES SUPPORTED
ONE WORD INTEGERS
ICCS

CORE REQUIREMENTS FOR
COMMON 0 VARIABLES 4032 PROGRAM 738

END OF COMPILATION
/7 XEQ 1

*FILES{1,RNDMO)

A RESE AR R R R ERA G R T E Rk ok ke kxR x X m e akagpkx
Ty A e e e e o e ool e e e o o ke o o e e o o s e ol ok ok ke o e o e e e e o o ot ok A e e e e ek

11 35 43 73 75 91 131
353 355 385 403 435 483 523
729 747 771 779 849 899 923
" 1051 1099 1131 1145 1169 L1171 1225
1353 1403 1497 1505 1539 ‘1547 1705
1811 - " 1819 1849 1851 . 1859 1889 2059
2169 2227 2235 2315 2355 2419 2441
2579 2625 2633 2659 2673 - 2675 2713
2817 . 2827 2841 2921 2961 12971 3025
3185 3225 3257 3313 3315 3339 3347
3491 3497 3571 3601 3713 3737 3747
3899 3913 3931 3961 4003 4017 4019
4273 4305 T 4361 4529 4539 4571 4577
4179 4899 4947 4961 4963 4985 5001
5289 5331 5393 5425 5475 5561 5625
5811 5889 5931 5937 5939 © 5979 6001
6203 6259 6345 6363 6441 6473 6513
6665 6683 6777 6779 6787 6803 6825
6993 7105 7147 7155 7185 7267 7273
7563 7571 7603 7625 7731 7763 7771
7889 7931 7979 8041 8059 . 8075 8089
8217 8233 8251 8331 8337 8339 8353
8601 8603 8611 8617 8705 8729 8731
8937 8977 8979 9049 9099 9113 9121
9345 9347 9355 9395 9411 9457 9507
- 9601 9611 9643 9699 9747 9763 9785
9865 9867 9889 9987 10025 10049 10083
10379 10409 10417 10483 10555 10577 10579

10673 10691 10739 10769 10891 10897 10929

LE X4

LGU
LGU
LGU
LGU
LGU
LGY
LGu

" LGy

LGU
LGU
LGU
LGU
LGU

LGU

LGU

N2WM
N2WM
N2 WM
N2WM
N2WM
N2WM
N2WHM
N2WM
N2 WM
N2WM

NZ2WM .

N2HM
N2WM

N2WM

N2WM

187
563
953
1227
1707
2129
2505
2731
3041
3353
3755
4033
4585
5065
5633
6003
6529
6851
7305
7179
8131
8355
8793
9225
9523
9795
10107
10603
10963

T,

195
579
961
1241
1745
2131
2515,
2753
3083
3425
3785
4099
4603
5091
5681
6019
6545
6899
7395
7801
8147
84l
8843
9241
9561
9817
10123
10635
10977
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L.G. UNDERHIL

INTEGER LIST(1000)

INTEGER ADRES, PLACE{3200}
DEFINE FILE 2(100041 +U,KREC)
DATA PLACE/3200%-1/, I1PRNT/5/

FORMAT (¢ fddokdaokdokedd ko bk ki ko d ok R R F xRk LR Rk Rk ke ? )

FORMAT {1X,12110)
WRITE(IPRNT,101)
READ (2°1) LIST
bDC 1 4 =1,1000

Ck*x%xADDRESS CALCULATION ALGORITHM .

ADRES = = 3000.%*LIST(J)/32767.
ITEM = LIST(J)

Ce++sxARRAY PLACE IS INITIALISED TO
CosssTESTS TO SEE IF PLACE(ADRES)

IF (PLACE(ADRES)+!1) 29 1y 2

L L ADDORESS SORT

1 K70/

+ 100

-1
IS OCCUPIED

Cwxx%x%REFER TO DESCRIPTION AND FLOWCHART

2

@ WU

o o

14

13

KOUNT=0

IF (PLACE{ADRES)-ITEM) 4, 4, 3
ADRES=ADRES+]

IF (PLACE(ADRES)+1) S 63 5

IF {PLACE(ADRES)~ITEM) 4, 4, 8
KOUNT=KOUNT+1

GO TO 4

IF (KOUNT) 1y 1, 9

ADRES=ADRES-1
PLACE{ADRES+1)=PLACE(ADRES)
KOUNT=KOUNT-1

GO 1O 6

ADRES=ADRES-1

IF. {PLACE(ADRES)+1) - 11412,11
iF (PLACE(AURES)-[TEH) Ty 34 3
KOUNT=KOUNT+1 .

GO TO 3

I (KOUNT) 1, 1,10
ADRES=ADRES+]
PLACE(ADRES-1)1=PLACE(ADRES)
KOUNT=KOUNT-1

GO TO 12

PLACE{ADRES)=ITEM

D0 13 4 = 1,3200

IF (PLACE{J)) ' 13,13,14
K=K+l !
PLACE(K)I=PLACE(J)

CONTINUE

WRITE{IPRNT,101)
WRITE(IPRNT,102} (PLACE(J) =
CALL EXIT

END

FEATURES SUPPORTED

ONE
10CS

COR:z

WORD INTEGERS

REQUIREMENTS FOR

1,1000)

COMMON 0 VARIASLES 4220 PROGRAM 368

kK

75.

LES
LES
LES
LeS
LES
LES
LES
LES
LES
LES
LES
LES
LeS
LES
LES
LES
LES
LES
LES
LES
LES
LES
LES
LES
LES
LES
LES
LES
LES
LES
LES
LES
LES
LES
LES
LES
LES
LES

ES
LES
LES

“LES

LES
LES
LES
LES
Lcs
LES
LES
LES

LesS:

LES
LES

ADS1
ADS1
ADS1
ADS1
ADS1
ADS1
ADS1
ADS1
ADS1
ADS1
ADS1
ADS1
ADS1
ADS1
ADS1
ADS1
ADS1:
ADS1
ADS1
ADS1
ADS1
ADS1
ADS1
ADS1
ADS1
ADS1
ADS1
ADS1
ADS1
ADS1
ADS1
ADS1
ADS1
ADS1
ADS1
ADS1
ADS1

ADS1’

ADS1
ADS1
ADS1
ADS1
ADS1
ADLS1
ADS1
ADSL
ADS1
ADS1
ADS1
ADS1
AULS1
ADS1
ADS1
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SUBROUTINE ADSOR(TABLE,N,A4R) LEZ

' LEZ

C¥+%4#ARRAY TABLE CONTAINS VALUES RELATED TQ NURMAL DISTRIBUTION, LEL
Cuok¥x N NUMBER OF ITEMS LEZ
Cx¥%sXARRAY A CONTAINS ITEMS TO BE SORTED LEZ
CusssxARRAY R RETURNS RANKINGS OF ITEMS IN ARRAY A LEZ
LEZ

INTEGER SAVE,R{1000),TABLE(61),ADRES+PLACE(3000),TABZP LEZ

REAL LDEV,LLDEV, MEAN, NOROl, ITEM, A{1000) LEZ
EQUIVALENCE (AMEAN,NORO1l),(SAVE,ADRES) LEZ

LEZ

(o SECTION ONE = PRELIMINARY CALCULATIONS LEZ
LEZ

CoxruxINITIALISE ARRAY PLACE TO ZEROQ LEZ
D0 45 J=1,3000 LEZ

45 PLACELJ)=0 LEZ
LEZ

Cusss&CALCULATE MEAN OF DATA T0O BE SORTED LEZ
LEZ

. MEAN = 0.0 LEZ

DO 71 I = 1,N LELZ

71 MEAN = MEAN + A{I) LEZ
MEAN = MEAN/FLOAT{N) LEL

: LEZ

CxexxxCALCULATE APPROXIMATION TO DEVIATIONS TO LEFT AND RIGHT OF THE LEZ
CotuxsMEAN ‘ LEZ
LEZ

LDEV = 0. LEZ

RDEV = 0. LEZ

DO 72 I = LN LEZ

ITEM = AlD) : LEz

IF (ITEM) 78472,78 N LEZ

78 AMEAN = [ITEM - MEAN ' S Lcz

IF (AMEAN) 73,72, 74 LGz

73 LDEV=LDEV+AMEAN*AMEAN ; LEZ
TG0t 72 : B LEZ

74 RDEV=RDEV+AMEAN%*AMEAN LEZ

72 CONTINUE : : LEZ
RRDEV = SQRT{FLOAT({50%N)/RDEV) LEZ

LLDEV = SQRT(FLDAT{S0%N)/LDEV) LEZ

LEZ

Commm= SECTION TWO - ADDRESS CALCULAYION AND DISTRIBUTION OF ITEM NUMBERSLEZ
Cmmmmm IN ARRAYS PLACE AND R : LEZ
LiZ

NORTS = 0 LE2

NONEG = 0 Lc2

DO 111 J=1,N LEZ

ITEM = A(J) ‘ Loz

IF (ITEM) ‘ 41442443 LEZ

) . Lez

Cxex&xCOUNT NUMBER OF NEGATIVE ITEMS. DEAL WITH ZERO'S SEPARATELY LEZ
Cx*x&x3Y ENTERING THEIR ITEM NUMBERS IN ARRAY R LEZ
Lcz

41 NMONEG = NONEG + 1 LeZ

GO TO 43 ' Lz

42 NORTS = NORTS + 1 LeZ
RINORTS) = J LEZ

ADSR
ADSR
ADSR
AOSR
ADSR
ADSR
AGSR
ADSR
AQSR
ADSR
ADSR
ADSR
ADSR
ADSR
ADSR
ADSR
ADSR
ADSR
ADSR
ADSR
ADSR
ADSR
ADSR
ADSR

76.

ADSR

ADSR
ADSR
ADSR
ADSR
ADSR
ADSR
ABSR
ADSR
ADSR
AUSR
ADSR
ADUSR
ADSR
ADSR
ADSR
ADSR
ADSR
AUSR
ADSR
ADSR
ADSR
ADSR
ADSR
ADSR
AUSR
ADSR
AQSR
ADSR
ADSR
ADSR
ACSR
ADSR

E-3
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GO TO 111 , . LEZ ADSR

LEZ ADSR

C*3*%$DETERMINE WHETHER ITEM LIES TO LEFT OR RIGHT OF MEAN ' LEZ ADSR
. LEZ ADSR

43 NOROL = ITEM-MEAN . LEZ ADSR

IF  (NORO1)} 75976476 v LEZ ADSR

LEZ ADSR

CHeo&xNORMALIZE ITEM ) : . LEZ ADSR
' . . LEZ ADSR
75 NORQ1 = NORQOL * LLDEV + 31, LEZ ADSR

GO 10 77 LEZ ADSR

76 NOROL = NOROL #* RRDEV + 31. - LEZ ADSR

’ . LEZ ADSR
Coeux%DETERMINE WHICH VALUE [N ARRAY TABLE TO LOOKUP. NOROL BECOMES LEZ ADSR
C+&o¢xFRACTIONAL REMAINDER FOR INTERPOLATION PURPOSES. LEZ ADSR
LEZ ADSR

77 1ZAP = IFIX(INORO1) LEZ ADSR
NORO1 = NOROLl - IZAP v . LEZ ADSR

. LEZ ADSR

Cees¥sCHECK THAT THIS VALUE LIES BETWEEN 1 AND 60. ADJUST REMAINDER. LEZ ADSR
. LEZ ADSR

IF (12AP) 18,18,19 LEZ ADSR

18 12aP = 1 ' LEZ ADSR
NORO1 = Q. . ’ ' LEZ ADSR

19 IF (IZAP - 60) 20,2021 , LEZ ADSR

21 1ZAP = 60 . : LEZ ADSR
NOROL = 1 : LEZ ADSR

LEZ ADSR

Co2%2%CALCULATE ADDRESS. ADDRESS LIES BETWEEN TABLE(IZAP) AND LEZ ADSR
CHosa%TABLE(I1ZAP+1) : LEZ ADSR
LEZ AOUSR

20 TABIP = TABLE(IZAP) LEZ ADSR
ADRES = TABZP+IFIX{NOROL*FLOAT(TABLE(IZAP+1}=-TABZP)) LEZ ADSR

N LEZ ADSR

Co%t&&TEST IF THIS ADORESS VALUE IS OCCUPIED. [IF EMPTY ENTER ITEM LEZ ADSR
CHSaEANUMBER HERE. [F OCCUPIED MOVE ITEM NUMBERS SO THAT NEW ITEM LEZ ADSR
Cuxex&NUMBER IS SQUEEZED IN AT THE RIGHT PLACE LEZ ADSR
LEZ ADSR

IF {PLACE{ADRES}) 2y 1y 2 ‘"‘ LEZ ADSR

2 KOUNT=0 LEZ ADSR

L = PLACE(ADRES) : ) , LEZ ADSR

[F  (A(LY - ITEM) 494,33 . LEZ ADSR

4 ADRES=ADRES+1. LEZ ADSR

IF {PLACE{ADRES)) Sy 6y 5 LEZ ADSR

5 L = PLACE{ADRES) . LEZ ADSR

IF  (A{L) ~ ITEM) " 444,8 ‘ LEZ ADSR

8 KOUNT=KOUNT+1 LEZ ADSR

GO TO & LEZ ADSR

6 If (KOUNT) ly 1, 9 LEZ ADSR

9 ADRES=ADRES-1 ‘ LEZ ADSR
PLACE{ADRES+1)=PLACE(ADRES) ‘ LEZ ADSR
KOUNT=KOQUNT=~1 LEZ ADSR

GO TQ 6 . LEZ ADSR

3 'ADRES=ADRES~-1 . LEZ ADSR

IF (PLACE(ADRES)) 11,12,11 ) LEZ ADSR

11 L = PLACE(ADRES) ' LEZ ADSR
IF - (A(L)- ITEM) , 7433 - LEZ ADSR

-7 KOUNT=KOUNT+1 : : LEZ ADSR



LeGe

G0 10 3
12 IF (KOUNT) 1,
10 ADRES=ADRES+1
PLACE{ADRES-1)=PLACE(ADRES)
KOUNT=KOUNT-1
G0 10 12
1 PLACE(ADRES) =3
CONTINUE

Lommmm SECTION

" Ce&uEeHFORM AN ARRAY IN R WITH ITEM NUMBERS IN CORRECT ORDER AND HITH NO

Cex%yYNOCCUPIED CELLS IN BETHWEEN

UNDERHILL *

1,10

THREE - CALCULATE RANKINGS

J=0

IF (NONEG) 37446437
37 IF (NORTS) 38,30,38
38 KK = NORTS+1

K = NONEG + KK

CoxuaxSHIFT ITEM NUMBERS OF ZERO VALUED ITEMS IN ARRAY R

CHest%][S ROOM FOR THE JTEM NUMBERS OF NEGATIVE VALUED ITEMS

DO 47 L=1,NORTS
K = K=l
KK = KK-1

47 R{K) = RI(KK])

Ceti¥MOVE INTO ARRAY R

CEae+%0F SECTION CONTAINING THE ITEM NUMBERS OF ZERD ITEMS

30 NI = NONEG

K=0
16 J=J3+1

IF  (PLACEUJ)) 16416514
l4 K=K+1

R{K} = PLACE(J)
13 IF  {K-NI) 16422,22
22 IF (NI -N) " 46344446
46 NI = N

K = NONEG + NORTS

GO TO 13

44 JIAP = 1
CeuX8SHIFT THIS ARRAY TO PLACE

00 48 J=1,N
48 PLACE(J)=R{J}

CosxuxTHIS SECTION PERFORMS RANKING

PLACEIN+1) = N+1
A(N+1) = J1E38

M = PLACE(1})

DO 40 K = 1,N

L M

M PLACE(K+1)

CouseaTEST IF NEXT ITEM IS BIGGER.

IF 1T IS,

CALCULATE RANKING.

IF

ITEM NUMBERS OF NON-ZERO ITEMS ON EITHER SIDE

T

LEZ
LEZ
LEZ
LEZ
LEZ
LEZ
LEZ
LEZ
LEZ
LEZ
LEZ
LEZ
LEZ
LEZ
LEZ
LEZ
LEZ
LC2Z
LEZ
LEZ

SO THAT THERELEZ

LEZ
LEZ
LEZ
LEZ

LEZ

LEZ
Lcz
LeZ
LEZ
LEZ
LEZ
LEZ
LEZ
LEZ
LEZ
LEZ
LeZ
LEZ
LEZ
LEZ
Ltz

- LEZ

LEZ
Lez
LEZ
LEZ
LEZ
LEZ
LEZ
LEZ
LEZ
LEZ
LeZ
LEZ

SLeZ

LEZ

978,

ADSR
ADSR
ADSR
ADSR
ADSR
ADSR
ADSR
ADSR
ADSR
ADSR
ADSR

ADSR.

ADSR
ADSR
ADSR
ADSR
ADSR
ADSR
ADSR
ADSR
ADSR
ADSR
ADSR

ADSR,

ADSK
ADSR
ADSR
ADSR
ADSR
ADSR
ADSR
ADSR
ADSR
ADSR
ADSR
ADSR
ADSR
AQSR
ADSR
ADSR
ADSR
ADSR
ADSR
ADSR

ADSR |

ADSR
ADSR
ADSR
ADSR
ADSR
AGSR
ADSR
ADSR
ADSR
ADSR
ADSR
ADSR

ADDRESS SORT FOR DATA WITH CENTRAL TENDENCY

#
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Ceoss%]S NOT, WAIT UNTIL ONE IS AND CALCULATE AVERAGE RANKING LEZ ADSR
‘ LEZ ADSR b
IF  (A(LY=-A(M) ) 33,34,34 LEZ ADSR
34 GO TO (35,40}, IZAP LEZ ADSR
35 [ZAP = 2 _ o ) LEZ ADSR
SAVE . = K : LEZ AD.R
GO TO 40 : . LEZ ADSR
33 GO TO (31,32), IZAP ‘ LEZ ADSR
31 IPOSN = PLACE(K} LEZ ADSR
RUIPOSNY = K LEZ ADSR
GO TO 40 " LEZ ADSR
32 1ZAP = 1 LEZ ADSR
AMEAN = (SAVE+K}%.5 - LEZ ADSR
DO 39 L=SAVE,K ' ‘ LEZ ADSR
IPOSN = PLACE(L) , LEZ ADSR
39 R{IPOSN)= AMEAN . - LEZ ADSR
40 CONTINUE . : : LEZ ADSR
: RETURN S LEZ ADSR
END LEZ ADSR

FEAYURES SUPPORTED
ONE WORD INTEGERS el

~ CORE REQUIREMENTS FOR ADSOR
COMMON 0 VARIABLES 3036 PROGRAM 898

END OF COKWPILATION
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