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A HEURISTIC METHOD OF OPTIMAL GENERALIZED
HYPERCUBE ENCODING FOR PICTORIAL DATABASES

INTRODUCTION

k> In similarity, retrieval from a pictorial database [1], pattern recognition [2,4], and
clustering analysis, it is often desired to find the set of database records (or set of patterns,
2 n-dimensional feature vectors, etc.) that are most similar to a test record (or test pattern,

e . test feature vector, etc.). In the case of large databases (or pattems, clusters), it is very

e useful to encode the original database into certain convenient format in order to facilitate \
- similarity retrieval and updating. ;

In this report, we shall consider one such technique called “Generalized Hypercube”

encoding [3] and describe a heuristic method of generating minimum number of GH
encoded tuples.

GENERALIZED HYPERCUBE ENCODING

e e

Given a set of points S = { P1>Pgs - Py } in n-dimensional space, where p; =
(x1 » Xg, . - -, X ) denotes a point in S, we can have a family of n-dimensional GH codes.
For each m,1 <m < n + 1, the GH,,, codes are:

(X35« Xm-138ms -+ 803 0p, .0 by),

i where (X, Xg, . . o, Xpy 1 s 2Z,)is in S for some coordinates, Zpysoos 2y ; and
) a. = min {y forsomecoo;amates zk,(xl,.. xm l,zm,.. ],.. ,z )mS) |
b = max (y, for some coordinates, z, , (X, . - ., Xy 132 - - = Yo - z o) inS}. ;

( When m = 1, we are simply using the smallest n-dimensional hypercube containing S
as the GH code. When m = n+1, the original point set S is used as the GH code. Other in-
between values of m give GH codes of various levels of details.

For example, if pomt set S= {(1,1,3),(1,1,56),(1,2,1),(1,2,4),(2,3 6)},G
{1 1236)? GH, is {(1;1, 125),(23636)} GHj is {(1, 135),(1214),(2366)}
GH, is 8 itself. It should be noted that other GH codes can be generated, if we permute the

. coordinates. The previous example we have {(3;1,1;1,1),(5;1,1;,1,1), (1;1,2;1,2),
+ (6:2,32,3)} .

Therefore, it is important to select carefully the coordinates on which the GH encoding ‘
technique can be applied, i.e. to generate a minimum number of GH encoded tuples the

problem reduces to select a special “handle"’ set. It is easy to see that once a handle vector )
has been selected, the GH encoding is unique.

Manuscript submitted November 5, 1979.
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In this report we shall describe the following heuristic methods for problems:

® Select a handle set {i,, iy, ..., iy, o) from {1,2,.. ., n} so that the least number
of GH encoded tuples are generated.

@ Suppose we define the density of a hypercube H as the number of data points in H,
divided by total number of lattice integers.). For example the hypercube (1,1,1;2,3,6)
previously described has a density of 5/2+3-6 = 0.1388. Intuitively, we would like to
generate hypercubes having high densities. Therefore Problem 2 can be stated as follows:

Given a threshold density t, 0 <t < 1.0, find optimal GH encoding such that each
hypercube has density no less than t.

PROBLEM 1

Given m, the method of choosing m-1 handles which will generate optimal GHm codes
for a point set S is based on the following ideas:

® For each handle (column) i, (i=1, 2, .. ., n) consider vector V, = (xli, Xojs - - - Xp;)
where k is the number of points in the set S. Among the elements x;,, x5, . . ., X;, those
having the same value are grouped together and their associated points (in S) will consist
of disjoint groups, say, G;;, Gy;, - - -+ G,;. Define the count (or cardinality) of Gji = Cj(i).
We next compute a measure o% the priority of the ith column p,.

?
°p= 2, [C,()-1]2.
1

Intuitively, we ignore those groups having only one element and put heavier weight to
those groups having more than one clement. Obviously, there are many other ways to define
a priority measurement for each handle.

® Based on the measure P,(i=1, 2, ...,n) choose the best m-1 handles, i.e., i's which
have larger values of P;.

Following is the algorithm to implement the above ideas:

ALGORITHM
Step 1.
To conpute P;, consider vector v, = (x1 i Xgj» -

s o Xpi)s

a. Make a stack of all k elements of V.

2w ootk A
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z : b. Set a test element, TELMNT = top element of stack and set COUNT = 1.
{ ¢. Replace the top element of the stack by the last element and, set k = k-1;if k <1,
go to substep e.
d. Restack the k elements to check that the top element = TELMNT.
2 ® If it does, COUNT = COUNT + 1; then go to substep c.
: ': ® If it does not, then
k { If COUNT > 1, then P, =P, + COUNT * COUNT and COUNT = 1. TELMNT =
top element of the stack; go to substep c } .
. | e. Include the last group’s population count in P,
‘ If COUNT > 1, then P, = P, + COUNT * COUNT.
- l, Step 2.
!‘ Using STEP 1, compute all P.’s fori=1, 2, . . ., n. Store handle numbers in an array,
1 such as [c(i) =i,i=1,.. ., n].
i Step 3.

; Sort array P in descending order, and while moving the elements of P during sort, move
elements of c also in the same fashion.

; For generating GH_ codes, choose handles in the first (m - 1) positions of array c,
. which correspond to th "Lest (m -1) valuesof P;,i=1,2,.. ,n

Once the set of handles has been selected, the GH encoding is unique.

For example, let point set S = {(3,1,1), (5,1,1), (1,1,2), (4,1,2),(6,2,3) } . Using the
previous algorithm, the measure of priority, P, fori=1,2,3 are: P, =0,P, =16,P; = 8.

Based on the best values of P., we choose handle set (xy,Xg,X,) and w1th respect to this set
of handles (GH, ) is {(1,1,1; é 3,6)} -GH, is {(1;1,1;2,5),(2;366) }.G Hg is {(1,1:3:5),
(1,2:1;4), (236 GH4ls{(113) (1,1,6),(1,2,1), (1,2,4), (236)}

- EXPERIMENTAL RESULTS

The previous algorithm was implemented on an IBM/370 in FORTRAN; a listing of the
program is given in Appendix A. The data for the program were random numbers with
normal distribution and standard deviation, a number for each column vector V, was also a
random number with uniform distribution.
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The selected set of handles by the previous method was used to generate GH | encoded
tuples, and their number was counted for a different number of point set and dimensions
of space. To find the optimal Gl-lm encoding, great effort was taken, and the GH_ codes
with minimum number of GH_ tuples was taken as the optimal GH  encoding. ?ﬁee Tables
1,2,and 3.)

Few other heuristic approaches were tested to select the proper set of handles to
generate optimal GH encoding, but the previous method has shown the best results and will
be used in the next optimization problem.

. PROBLEM 2
.3 From the experimental results we know that the smaller the value of m (length of
-“ handles) the smaller the number of GH , encoded tuples for a point set S, but at the same
| time such hypercubes tend to be sparse. Therefore, to optimize GH codes for a given
- i Table 1 — The number of optimal GH_ | encoded tuples ;
i
‘ , g:i‘nc: ~ Error o Error i
. ) H 0 (%) H o (%) |
10 8 8 0.0 10 10 0.0 o
; 20 15 15 0.0 20 20 0.0 g {
‘, 30 22 22 0.0 30 30 0.0 ]
40 12 12 0.0 33 33 0.0 ;
! 50 34 34 0.0 50 50 0.0 f
60 16 16 0.0 56 55 1.02 3 ,
70 24 24 0.0 68 68 0.0 % l
< 80 30 30 0.0 75 75 0.0 3
' 90 27 27 0.0 88 87 1.16
100 20 20 0.0 86 86 0.0
Dimension N = 3
H = heuristic

O = optimum




Table 2 — The number of optimal GH , encoded tuples
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No. of GH, GH,4 GH,

e [u [ o [Ty [n] oy |5 ]|o |6
10 8 8 0.0 10 10 0.0 10 10 0.0
20 16 16 0.0 20 20 0.0 20 20 0.0
30 10 10 0.0 29 28 3.567 30 30 0.0
40 21 21 0.0 40 39 2.56 40 40 0.0
50 16 16 0.0 44 44 0.0 50 50 0.0
60 25 25 0.0 59 59 0.0 60 60 0.0
70 28 28 0.0 68 68 00 70 70 0.0
80 21 21 0.0 74 71 4.23 80 80 0.0
20 18 18 0.0 75 75 0.0 920 90 0.0
100 22 22 0.0 93 93 0.0 100 100 0.0

H = heuristic
O = optimum

Dimension N = 4
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Table 3 — The number of optimal GH, | encoded tuples

No. of GH,, GH, GH, GH,

Fome [ o [ w [ o [T | w [o B | v o [y
10 8 8 0.0 10| 10| 0.0 10 (| 10| 0.0 10| 10{ 0.0
20 13 | 138 0.0 20 ) 19 | 5.26 20| 20| 0.0 201 20| 0.0
30 10 10 0.0 29 | 29 | 0.0 30 | 30| 0.0 30 30 0.0
40 16 16 0.0 38| 38 | 0.0 40 | 401 0.0 40! 40| 0.0
50 21 21 0.0 49 | 49 | 0.0 50 { 50| 0.0 50 50| 0.0
60 18 | 18 0.0 55 55 | 0.0 59 ( 59| 0.0 60| 60| 0.0
70 18 | 18 0.0 64| 63 | 1.58 1 70 0.0 70| 70 0.0
80 21 | 21 0.0 % | 75 | 0.0 80 79 ) 1.26 80 ) 80| 0.0
90 26 | 26 0.0 84| 8441 0.0 90 90| 0.0 90| 90| 00
100 22 | 22 0.0 96 | 92 | 4.35 {100 | 100 | 0.0 100 1 100 ] 0.0

Dimension N = §

H = heuristic
O = optimum

threshold density t, find a set of handles with minimum length m, so that the resultant
hypercubes have densities no less than theshold density, t.

Two special cases can be solved immediately. If t = 0, then we can select m = 1, so that
a single n-dimensional hypercube is generated, and GH, becomes the optimum GH en-

coding. If t = 1.0, then all the hypercubes must have unit density, and we can select

m = n + 1 so that the original point set S becomes the optimum GH encoding. For other
values of t, m should fall between 1 and n + 1.
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ALGORITHM

The algorithm optimize GH encoding for a given threshold density.
Step 1.

Start withm =1,

generate GH, codes, which is one hypercube. If the density of this hypercube is
> = threshold density, then this is the optimum GH encoding, and go to Step 7,

otherwise, set m =m + 1.

Step 2.

By using the previous heuristic method discussed in Problem 1, choose a set of handles
which will generate the optimal GH,, encoding for a given m.

Set a flag = 0; and

NUM = 0, where NUM will be the number of GH,, encoded tuples with respect to the
chosen handle vector of length m.

Step 3.

a. Generate the next hypercube with respect to the above chosen handle vector and
compute its density.

b. If density of this hypercube = > threshold density, and
if the number of points in this hypercube > 1, then
{ include this hypercube in optimal GH encoding.
NUM = NUM +1; and
delete the points included in this hypercube from the original point set. }
c. If the density of this hypercube < threshold density, then set the flat = 1

Step 4.
Repeat Step 3 until all the points in point set have been considered once.

Step 5.
If the number of points in remaining point set = 0 then go to Step 7.

If (number of points in point set = 1 or
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NUM < = 0 and flag = 0), then go to Step 6.
If (NUM<=0 and flag = 1), then m =m + 1.
Go to Step 2.
Step 6.

Generate GH, | encoded tuples with respect to the last handle vector of length m.
Each GH,,, encoded tuple is included in the optimal GH encoding.

Step 7.
Stop.
As an illustration, if point set S = {(3,1,1),(5,1,1),(1,1,2),(4,1,2),(6,2,3) } and

threshold density = 50% (0.5), then with the previous algorithm, optimal encoding is
attended as {(1:1,2;2,5), (2;3,6;3,6) } and the density of each hypercube is > = 50%.

EXPERIMENTAL RESULTS

The previous algorithm also was implemented on an IBM/370 in FORTRAN. A listing
of the program is given in Appendix B. The test data were again random numbers.

The results are in Tables 4, 5, and 6.

DISCUSSION

In this section, some interesting applications of the generalized GH encoding technique
are discussed.

Reference 1 suggests that a relational file R can be characterized by a logical ex-
pression E, so that every n-tuple (x, »Xg, - . -, X, ) in R satisfies this logical expression.

The generalized GH encoding technique can be used to find a suitable logical ex-
pression characterizing a relational file.

For example, if S is as given in the Generalized Hypercube Encoding section of this
report and m = 1, then GH, = {(1,1,1;2,3,6)} and the corresponding logical expression is
1<=x)&(1<=x,.) & (1<=x3) & (x, <=2) & (x5, <=3) & (x4 <=6);

when m = 2, then GH,, = {(1;1,1;2,5),(2;3,6;3,6) } and the corresponding logical
expression is (x; =1) & (1 <=x,) & (1 <=1x3) & (x3 <=5)) V((x, =2) & (x, = 3)
& (x5 = 6)), thus, each GH encoding corresponds to a logical characteristic expression for
the relational file.




Table 4 — The number of optimal GH encoded tuples
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M) t=10 t=20 t=30 t=40 t=50 t=60 t=70 t=80 t=90
10 6 7 7 7 9 9 10 10 10
20 11 14 18 18 18 18 18 18 18
30 9 23 24 24 24 26 28 28 28
40 18 36 36 36 36 37 38 38 38
50 23 36 39 40 42 48 50 50 50
60 12 43 43 48 53 55 58 58 58
70 21 40 46 46 49 52 64 64 64
80 1 52 53 54 57 57 60 60 60
‘ 920 1 45 50 52 56 7 80 84 84
| 100 1 40 52 58 60 81 82 91 91
M = number of points in point set
1 t = percent threshold density
L, Dimension N=3
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Table 5 — The number of optimal GH encoded tuples

t=20 t=30 | t=40 t=50 t=60 t=70

10 7 7 9 9 9 9 10
20 14 17 17 18 18 18 18
30 25 28 28 29 29 29 29
40 32 36 39 39 39 39 39
50 38 45 46 49 50 50 50
60 46 52 56 57 57 57 59

70 42 57 60 68 68 68 70

80 45 72 71 78 79 79 79
90 58 72 78 79 82 87 88

100 66 78 81 90 91 92 92

M = number of points in point set
t = percent threshold density
Dimension N = 4
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Table 6 — The number of optimal GH encoded tuples

(M) t=10 | t=20 | t=30 | t=40 | t=50 | t=60 | t=70 | t=80 | t=90
10 10 10 10 10 10 10 10 10 10
20 20 20 20 20 20 20 20 20 20
30 28 29 30 30 30 30 30 30 30
40 40 40 40 40 40 40 40 40 40
50 47 50 50 50 50 50 50 50 50
60 57 58 58 58 58 59 59 59 59
70 68 68 69 69 69 70 70 70 70
80 76 71 77 71 7 79 79 79 79
90 79 86 87 87 88 89 90 90 90

100 95 100 100 100 100 100 100 1060 100

M = number of points in point
t = percent threshold density
Dimension N = §

In addition to applications in database characterization, the previously described
technique also can be applied in clustering analysis where clusters are described by hy-
percubes with handles. Thus optimization technique will generate optimal encoding for the
clusters.

A third application can be the description of n-dimensional pictures, which will have
a practical significance in computer graphics and image processing applications.
REFERENCES

1. S.K. Chang et al. “Design Considerations of a Pictorial Database System,” International
Journal of Policy Analysis and Information Systems 1 (No. 2) (Jan. 1978).

2. K. Fu, Syntectic Methods in Pattern Recognition, Academic Press, 1973, pp 69-82.
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APPENDIX A

//7JUNK J)n8

/5JNRIARM T={B,0).L=2,=256
// EXZC FORIGCLG

/7/75NRT 4,SYSIN DD *
cceeeeeccee

MATIN PRIGRAM T) GENFRATE OPTIMAL GHM FENCODING FCP A POINTSEY AY
A HEYPISTIC METHOD & TO CHECK THE RESULYS. NUMBER OF THESE GHM

FNCIDED TUILES |S COMPARED wITH THE MINIMUM (REAL OPY IMUN) NO,

OF GHM ENCODED TUPLES FOUND IN EXHUASTIVE APPROACKH,

[aXa]

C
C
C
C
C caL_s:

C (L) GENPTSZ: TO GFENERATE TEST DATA | .,E. A POINT SFT,

C (2) HEURILS: TO GENFRAYE OPTIMAL GHM ENCODED TUPLES AY A

C HEURISTIC METHOD

C {3) EXNAUS: TO GENERATE OPTIMAL GHY ENCODING AY EXMAUSTIVE
C ADPROACH,

C

c

cceeeecee

INTEGER PTSETI110¢6)+P{6)NCODE(S,3)
1FL=1
= &

S0
L GENPTS(PTSET.MsN)
1IFL «€EC. 1) GO TO 440
N

273 100 1 = 1™
PRINT 2 ((PTSFT(1sJdVeJd=1eN)
100 CONTINUE
2 FIORMAT( 0, 10X o (*eSI3e")*)
PRINT 3
3 EINMAT(//777100(*% )
PRINT &
a TORMAT (/77 e?25X s "HEURISTIC APPROACH' )Y
2INT §
PRINT 6
6 FIRMATY(//7,100( %))
440 CALL HEUPIS(PTSET«MyN.NCODE, IFL)
1Z(1FL +EQ, 1) GO YO 442
SRINT 11
1t SORMAT(//77.100(%%*))
SIINT 12
t2 FORMAT (/7 421Xy *EXHAUSTIC APDROACH? )
2RINT 13
13 FIRMAT(21X, 'cmcwccacn —cmwamast)
BIINT 148
14 CIRMAT (/7. 100( %%
442 CALL FXHAUS(PTSETM.N.NCODE, IFL S
Ni = N=l{
DPINT 20¢M
20 FURMAT (/710X 4 *NOs OF POINTS IS = ¢, ta)
SRINT 22..N
22 FIRVAT (10X 'NDe OF DIMENSINS = ¢, 13)
PRINTY 15
15 TIRMAT(/7/+:20%, *HEURISTIC' s 1OXe*OPTIMUM? (AX, "WORST ' BX,*XEQR " )

20 200 1 = 1.N|
SRR = (NCODE{lel) = NCOCDE(1,2))8100,/NCODE(1,2)

I
200 JAINT 160 1o (NCODE(1oJ)sd= 1,30 ,5RR
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€1, 16 ZIRMAT (100 10K " GH? s 12¢3(10Xo18).F16439
62. IF(IFL o+EQ. 1) PRINT 66
63, €6 ZORMAT(//¢100(" o))
6a. 500 CaNTINUE
65, 600 CONTINUE
56. sToP
. 67. END
: 68, ceccceece
.
: 70. C  RANDIMIX): GENERATES A RANDOM NUMBER X o 0C= X <=1,0 WITH
N 40 ¢ UNTFORM DISTRIBUTION,
.
. 73, cccececece ‘
78, SUBROUTINE RANDOM(X)
- T7Se REAL X
, 76, INTEGER A/19727/, MULT/25211/, BASE/32768/
77, A = MID(MULT®A,BASE}
- 78. X = F_OAT{A)/FLOAT(BASE)
v 79. R=TURN
- RO, END
al. cceceeccece
- .
' 83, C GENDPTS(I2VSET MyN) =~ TO GENERATE TESY DATA SET IN AQRAY PTSET,
! 38. € AL SHTCH CONTAINS M KUMBER OF POINTS IN N DIMENSIONAL SPACE.
H . LS?
\ a6 . c (1) Fa034: & LIBRARY SURROUTINE TO GENERATE RANDOM NUMBERS OF
i a7. c NCRMAL DISTRIBUTION WITH A GIVEN STANDARD
| 8n. c DEVIATION,
\ 89. C (2) JANDOM: TO GET ANOTHFR RANDOM NUMBER TO €€ USED AS FIX
- 30, ¢ STANDARD DEVIATION FOR ONE COLUMN,
- -
g . ccceeccece

SUSROJT INE GENPTS(PTSETe M.N)
INTEGER PTSET(110+6)
03 100 J = 1+ N
CALL RANDCM(U?
STD = t19,0%U + 3
D) 100 1 = 1, ™
CAL_. FAD3A(STO
PTSEY(1.J) = 1
100 CﬂNYI”UE

e e

QOVV 0000
OOV NPIPN O
se s 0000

« X0
NTI{X ¢ 51

-
L]

200 TEWPR( I PYSET(J.110

CALL HPODER(1,TEUPAM.P}
109 CONTINUE
RETURN

|
‘ 10
3 ; 102, PETUR
. 103, END
: 104, cceeeecece
! 105, c
‘ 105, C PROCESIPTSET D ¢M,N) 2= COMPUTES THE MEASURE COF PRIORITY P(1)
107, C FOR EACH CNLUMN [ WHERE I = lesessN FOR A GIVEN POINT SETY
¢ lgs. C c SIN ARRAY PTSEY CONTAINING M POINTS IN N DIMENSIONAL SPACE.
109. C aLLS:S
l:?. g (L) HPODER: TO COMPUTE P(1}) FOR ONE PARTICULAR VALUE OF I,
v ‘ L]
112. cceeeecece
{ tt3. SUSRDUTINE PROCESI{PTSET (D eMN)
i 114, INTEGER PTSET(110+6),TEMOR(110).P(6)
N 115, DO 100 1 = 1N
¥ 116, D2 200 J = 1 .™
ll’o =
118,
119,
120.
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END
gCCCCCCCCC
C HOOJER(T,TEMII MO} COMPUTES P(It FOR & COLUMN VECTOR TEMPR
[ AND USES HE AP STRUCTURE.,
[4 catLs:
<
[
4

(1) REHEAP: TO MAKE MHEAP OF ELEMENTS OF ARRAY TEMPR,

cceeececccece
SUIROUT INF HPODER(T.TEMPR M.P)
INTEGER TYEMPRII (0).P(6)
INTEGER TYEMP,ELMENT ,O80M, SUM
ML =M
L o= M/72 o
10 L = L-1
CALL REHEAP(L M) TEMIR)
1€ (. «GYe 1) GOYO (0O
ELMENTY = 0

PsSuUM = 0
Sum = 0
20 TEMP = TEMPR({ |

TIMPR (1) = TEMOR{(MY)
1F (S_MENT +E2¢ TEMPIGO YO 30

IFISUM ,GTe 1) PSUM = PSUM ¢ SUM 8 SUN
ELMENT = TEMP

SUM = |

GO TD 40
30 SUM = SuUm ¢ |
40 ML = M) -

1
[F(M1 .GT, 0) GD TO S0
1F (SUM +GTe L) PSUM = PSUM ¢ SUM SSUM
P(1) = PSUM

RETURN
50 CALL PEHEAP(1.,M] +TEMPR)
GOTN 20
END
gCCCCCCCCC

C REHEAZ (. M1, TEMDR )~ MAKES MEAP OF ELEMENTS OF TEMPR STARTING
C ERNOM TEMPR(L) TO TEMPR(MIY,

C

ceeeeecece
SUBROUT INE REHEAD(L .Ml , TEMDR)
INTEGEP TEMPR(110)
INTEGER FLAG , X

1 =i
JJ = 2s11
X = TEMPR(II)
FLAG = 1
1 (JJ «GTe ML) RETURN
40 IF({JJ «GEe M1} GOYO (O
1€ (TEMPI(IJIY oLTe TEMPRIJISLID JJ =JI01
10 IF(X +GE. TEMPP(JJS)) GDTO 20
TEUPR(T ) = TEMPR(JJIH
11 = JJ
JJ = 211
TEMPRITIY = X
GOT0 30
20 FLAG = 0
30 1€ (JJ oLEe M1 +AND, FLAG +EQOs 1} GOTN &0
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RETURN
END
creecececce

c
[
C SORTI{P.DsNIZ= SOITS P ARRAY CONTAINING N ELEMFNTS AND OURING
c T41S SORT ALSO MOVES THE ELEMENTES DF ARRAY O IN THE SaME
c FASHION,

Cc

[4

cceeececee
SUBROUT INE SORT (P .OsN)Y
INTEGER DU(6).P(6)
INTEGER FLAGs TOPy» TEMP, BOTTOM
FLAG = |
ADTTOM = N
T2 = |
io 1F(FLAG oNE,s O +AND., TOP LT, ADTTOM) GO YO 20
RE TURN
20 FLAG = O
It = eOTTOM =
D) 100 I = (.11
IF (P(1) «GE. P(1¢t)) GO TO 100
x = P(1)
P(1Y) =P(Te1)
P{lesry = X
TEMPD =N(1)
(1) =01+
O(le¢+l )I=TEMP

FLAG = |

100 CONTINUE

93TTOM = BOTTOM ~1

GO T2 10

END
gccccccccc
C SORTPT(PTSEY (D MN):~ TO SORY POINTS OF POINTSEY IN PTSET W.R.T,
g c ~;vo;s VECTOR TN ARRAY Do HEAP SNRY 1S USED FOR THIS.

aLLs:

C tl1) RE4IP: TO MAKE HEAP,
[4 (2) COM2AR: TO COMPARE ORDER OF TwD POINTS.
g {(3) EXCHAN: TD EXCHANGE POSITIONS OF YWD POINTS IN PYSET,
ceeeeceecce

SUARJUTINE SORTPY(PTSET,0.M.N)}

INTEGER OF¥SET(110:60,0(6) !

M] = M

= Ml/2 ¢

L=1
REHIP(L oM ¢MeN, O, PTSET)
«GY,10 GOTO 1O
E:CHAN(I.HI.N.PTSEYO
M=

REHIZ2 (1ML MiNO,PTSET)

N

10

20

LodaF alodal il e
MAp=pnp

Q 4~i"

«GY¥e 12 GO TO 20

[«& 4l N ot ol o

mxo
0~

N
(S ddddddd

c
C
C REMIDIL ML MNIO,PTSETIZ- MAKFS A HEAP OF ELEMFNTS OF PTSFT
c STARTING FROM L YO Mi, PTSEYT CONTAINS M POINTS IN N ‘
C DIMENSIONAL SPACF.

16
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2414, c
242, cceeececece
241, SULBRNDJY INFE REMHID (LMl M N,0,PTSET)
244, INTEGER OTSEY(110,69,016)
2458, INTEGER FLAG oX%
246, 1 = L
247, J = 281
248. X = Mey
249, 9 5 L=l N
250, s IVSET(XSLLI = PTSET(T LY
2%, FLAG = |
292, I€(I +GT ML) RETURN
253, .0 IF(J +GEs MLy GO YO 10
254, CALL COMPAR(JIJ41 +NsQOJPTSET, ICOMP)
255, IF (120MD LLY. 00 J = Jei
25€¢, 10 CALL COMPAP(X +J eNeOsPTSET ,I1COMNP )
257. I (1COMP ,GE.,0) GO YO 20
258. N3 100 LL = ) .N
259, 100 PYSET({1s L) = PTSET(JeLL)
260, 1 =0
261« J = 2%1?
262, D3 209 LL = 1,N
263, 200 PTSET(IoL) = PTSET{X.LL?
268, GO YO 30
26%S,. 20 F_AG = 0
256. 30 IF (J «LEe Ml JAND. FLAG +EQe 1) GO YO 49O
267, QE TURN
268, END
ggg. gCCCCCCccc
.

271, C COMPARIT 4 JuNeN.PTSET, ICOMP 11—~ COMPARES TWO POINTS T € J WeReTa
- < 4 HANDLE VECTOR IN D¢ AND RFETYURNS IN T1COMP:

3. 4 L IF ITH POINT > JTH BOINT,
cta, 4 0 IF 1TH POINT = JTH DPOINT,
275, [« =1t [F ITHN POINT = JTYH POINT,
276, 4
2?77. cceeeccece
27a, SUSRNUTYINE COMPAR([+JeNsOy,PTSET, I COMP)
279, INTEGER OVSET(110:60,0(6)
280. 11 =}
28¢. 100 114 = Dl11)
202, IF (DTSET(I L I11) oNF, PTSET(JeIlT1)} GO TO 10
283, IF (11 +LYe N} GO TO S
28, 1Caue = o
2685, RETURN
286, L 11 = Ilet
2%7, G) TO 100
288, 10 IF(PVYSETCITIL? oLYe PTSET(JILITITINI 1COME = =)
289, I (PTSET(I.0111.GTPTSET(J, 11T ICOMP = |
230. RETURN
291, END
;:g. [gaddddd g

. C
] | 2Qa, c EXCHANI L4 JsM PTSET)II=SWITCHES THE POSITIONS OF YWD POINTS I. €

295. C J IN ARRAY PTSET WHICH CONTAINS A POINT SEY IN N DIMENSIONAL
206, 4 SPACE,
207, C
298, ceeecceccecce
299, SUIRDUTINE EXCHANI(I +JoNPTSETH
300. INTEGER 2TSET(110+610

T e T rpT—"
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N
Te11
. PYSCY(J .1 1)
. I TEmP
100 CONY INUF

END
cceeeccecece

C

C

C ENCODE(MM M N«OPTSET sNUMIFL 1 =GENERATES GHMM CODES FOR A
C SET PYSET, CNANTAINING M POINTS IN N DIMENSIONAL SPACE.
C NUM WTILL CONTAIN THE NUMBER OF SUCH GHMM ENCODED TUPLES IN 17,
C TIFL IS A FLAG TO TURN OFF AND ON THE PRINTING OF INTERMEDIATE
C RESULTS,.
C CALLS?

C (1) MINMAXZI TO FIND THE MINIMUM € MAXIMUM ELFMENT [N A

C 2AITICULAR COLUMN FOR SOME POINTS CONSIDERED TO BE IN
C CURRENY HYPERCUBE,

C

C

cceeececce
SUBROUT INE ENCODE (MM M N, De PTSET NUMGIFL)
INTEGER 2T7SET(110.6),0(68,CODE(L12)
IFLIFL «EQel) GO TO aa
PRINT 1
1 FIRMAY (/7))
PRINT S,MM
[ TORVAT (1 IX,'GH?,12,' CODES ARE: ")
(XY IF (Mw L,EQe 1) GO YO 11O
1IS(MM L,EQs N¢1) GO YO 20
NUM = O

]
I1=1:JJ) +EQe PTSET{IlJJIIY GO YO 200

200 CONT INUF
30 IF (FLAG +EQ¢ 1) GO TO 4O f

40 00 300 JI =
JJ = 0(I1)
SODEC(IIY =
300 CUNTINUE
L = Nt
NN = N - NI
DD 400 JI = MMN

JJ = 0O(JIte

CALL MINMAX{Z2TSEY yMoJJeToJeMIN,MAX)
L=L ¢

CODE(L) = MIN

400 CNOE (L#NNY = MAX
N2 = L

N3 = L ¢ NN 4

18




B %
3 i
2
1
NRL REPORT 8382
h
3
3
‘ 161, IFUIFL .EQ. 1) GO TD &%
4 62 SRINY L1+(CODELYIT=1,N1)
; 36, 1 EOPUAT (0" 10X (?,313)
f 366, ORINTY JX(CIDE(Lre]l =MM,N2)
365, 13 FOPMAT (* 37 ,22X¢*3°,31 )
L 366, N22 = NZel
2 367, BRINT 15,(CODEC(INe1= N22.ND)
~ a6aA, 1S FDPUAT (4%, 33X, 3,313}
369, PRINTY 16
370. 16 FORMAT (*e%, &aX,*)°%)
37, 8s 1 s 11
3r2, J = 11
3?3, NUM = NUM ¢ |
37, 100 CONT INUE
375, RETURN
376, 10 DO 111 I = 14N
4 377, JJ = ot
178. CA_L MINMAX(PTSET MeJJ,1 o McMINMAX)
1 379, CODE(() = M{N
. a0, CNDT (1enN) = MAX
isy, 1t CONT 1 NUE
32, 1F(IFL .E0. 1) RETURN
1 3a3, IRINT Q,(CODECI)e1=] N}
3Ine, a FORVMAT('0%,10X¢'(*4813)
' IR NN = N ¢
‘ 186, N2 = 2eN
In7, PRINY 90, (CADECTY . ISNNIN2)
' 188, (-1.] SORVATL e, 24X,* (',413)
ang, PRINY 93
) a0, o3 FORMAT(ver, NAX,* )*)
i sl IS RETUSN
' 2, 20 ON 222 1 = | o M
43, DO 220 J = 1 + N
39%a, JJ = 0(J
! 39s, 220 ZODE(JY = PYSET(1499)
396, I¥ (IFL +F0, 1) GD Y0 222
397, PRINT 22.(CODEC(JIed = 1, 4N) 1
19a, 22 FOPWAT('0%,10X.°(*,413)
399, PRINY 23
400, 23 FNAMAT('e*, 24X¢* 9%}
a0t, 222 CONT INUF
402, RETUIN
3 403, END
. a0a, ceceeeececc
ans, C
. 406, c MINMAX(PYSET yMel1COLolsJeMINGMAX)Z- TO FIND THE MINIMUM £
. a7, C MAXIVUM ELFMENYS NF COLUMN ICCL.STARTING FORM 1 YD J IN ARRAY
ok A08, < SISET,
| 409, ¢
f s10, ccececceccec
. a1, SUARDUTINE MINMAX(PTSET M, ICOL s ToJMINMAK)
F a2, INTESER PYSFT(110,6)
! YR MIN = PYSET(!,1COL)
ata, MAX = PYSET(l,1C0L)
a15,. 33 100 11 = 1,9
15, 15 (PTSET(11.1COLY LLT, MINY MIN = BTSET{T1.1COLD
YR 17 (PTSET(IT1.1COLY ,GT, MAX) MaX = PTSET(Il,1COLY
a1, 199 TINTINUE
.19, RE TURN
420, £ND
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; 821, ceececccce
o33 : OF GHI ENCODED
1IFL) 1= TO STORE THE NUMBER
) MY € MU e r R Ta N Do i T I aRRaY NCOGES THE SET OF HANDLES
a3s, ¢ IS ZHMOISEN BY MEYRISTIC METHOD.
a33. € M eracES: TO COMPUTE THE WMEASURE OF PRIORITY B(I) FOR EACH
3. ¢ (20 SERTI"Y0' GET TME PROPER SET DF HANDLES CORRESPONDING TO
P ¢ T3 BEST VALUES DF THEIR PRIORITY P},
ot c (3) SORTPT: TO SORT BOINT SET PTSET WeReTe CHOOSEN SET OF
* 432 ¢ 4ANDLES.
; 433, ¢ {&4) ENCODE: 7O GENERATE GH ENCODED TUPLES.
434,
* 435, cececeeeeecce
RAUTINE HEURISIPTSET, M, N, NCODE, TFL)
Ef 33 TNTECOR BYSET(110961.0(612P 67 <NCODE(S,3)
- a3e. CALL PROCES(PTSET.P.MsNI
' PRINT 1 .
%'“ aso. 1 FORMAT (/774 11X, 'PRINTOUT OF ARRAY B IS: ')
Ll POt PRINT 2 o(PLT1)+1=1,ND
» a2, 2 FORMAT (10X +5T101
! 443, 32 200 [ ="1.N
r] . (1 =
[ PPt 200 SALL SORT (P10 N)
[] X T .
: ‘1 POt 3 COPMLT (700 410X s "HANDLES CHOSEN ARE: )
aan, BRINT & (D(I),1=84N)
| POYH . FORMAT(® * 410X ,41S)
o 4S0. CALL SORTPT(PTSET.C.McN}
X | St IF(IEL_.E0. 1) GO TO 44
N -
* o3y s E 3 RMAT(90% 10X +* SORTED POINT SET [S:')
b PEYYS DO 300 I = 1M
j 4SS, aoo PRINT 10.(PTSET(T+J0eJ= LoeN)
? ' 456. 10 FORMAT (1 EXo? (% o4 135000
| ’ P 1 PORMAT (#// 420X+ FOLLOWING ARE GH CODES WeRoTABOVE HANDLES:®)
' aSoa, as YH =°: ; 1 LN
: 460. DI & =1, ,
! ENCODE( 1 4MeNs 0o PTSET, NUM, TFL )
aa 6. Rt ore T hGE . NI 6B TO 400 ) ‘
a63. NCODE(iolel) = NUM |
L a6a NCODE(T=142) = NUM }
. a6s. NCIDE(T-1+3) = NUM ¥
‘ 466, 400 CONT 1NUE i
! 467, RE TURN 5
! 468. END P
I 469, cceeceecce i
j peas & - MINTMUM NUMBER OF GHI
b I emwssrstogvene s o sTors fug s et 8
| ar3e E 50S51B.F SET OF MANDLES ARE USED TO GENERATE GH CODES ¢ THE ;
’ res ¢ ONE WITH MINIMUM NUMAER OF TUPLE IS TAKEN AS OPTIMAL GH
a75. c cI0tS, i
' 075 € AL e : FIN ALL POSSIBLE SETS OF HANDLES,
c7a. ¢ Y 33757 T T0 SORT S HE CPOINTSET WeRoT. CUBRENT SET OF MANDLES
g a79. ¢ 13) ENCODE: TO GENERATE GH ENCDDED TUPLES.

4R0.
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’ aB1. 20 RETURN
482. 10 DO 222 1 = 1.N
483, JJ = 0(1)
a8, CALL MINMAX(PTSET¢ORDERsJS Jo LeNPTS oMIN,MAX )
48S, CODE(1) = MIN
486, CODE( 1+N) = MAX
487, 222 CONT INVE
488, DEN = DENSTY(CODEsMMsN+1 oNPTS)
- 489. IF(DEN +GE« THRESH) GOTO 444
. 490. NUM = 0
491, RETURN
: 492, 444 IF (FLG .EQ. 1) GO YO 666
A 493, PRINT 21,(CODE(I)ol=1sN)
x 494, 21 FORMAT( *0%410X0e *¢ *¢613)
g 495, N1 = N+1
N 496. N2 = N¢N
3 497, PRINT 22.,(CODE( ) I=N1,N2}
¥ 498, 22 FORMAT (* ¢ ,30X0e ;% 613)
- 499, PRINT 23
5 500 23 FORMAT(®4*4,50Xe*)*)
8 S01. 666 NUM = 1
v S02. RETURN
L 503, END
v % gg;. gcccccccc
.
S06. C  MINMAX(PYSEY ;ORDEReJJe IoJs MIN,MAX) 3= FIND THE MINIMUN & MAXIMUM
| 507. C OF ELEMENTS UF COLUMN JJ STORED IN PTSET.THEIR POINTERS ARE
I ggg. g STORED IN ARRAY ORDER STARTING FROM 1 TO J.
» H [ ]
b yo. cceeececcece
' i1. SUBRCUT INE MINMAX(PTSET ORDEReJJe 1o e MIN, MAKX)
o 12, INTEGER PTSET(110+6)¢0RDER(110)
5 | 13, 11 = ORDER(I)}
! S514. MIN = PTSET(I1.09)
51S. MAX = PTSET(TI.JJ)
516, 00 190 K = 149
S17e 11 = ORDER(K)
X318, IF(PTSET(I1,JJ) oLTe MIN) MIN = PTSET(I1,JJ)
! 519, IF( PTISET(11¢JJ) «GTe MAX) MAXE PTSET(11eJdJ)
‘ 520, 100 CONTINVE ‘
521. RETURN 4
522. END :
ggz. Eccccccccc
L]
S 52S. < DENSTY(CODE(MM, [, J):= COMPUTES THE DENSITY OF HYPERCUSE
\ 526, c GENERATED BY GHM ENCODED TUPLE STORED IN CODE wHICH INCLUDES
. gg;. g PUINTS POINTED TO BY POINTERS IN ORDER STARTING FROM 1 TO J.
L] .
. 529, ceeeececece
530. FUNCT 10N DENSTY (CODE«sMMoeNolsJ)
531, INTEGER CODE(12)
532, NUMPTS = J=1 41
$33. VoL = 1
; 534, Ml = MM ¢
| 535, VO 100 K = ML N
S36. VOL = VDL®*{CODE{X+N-MM)~CODE(K)+]1)
537, 100 CONT INUE
538. DENSTY = NUMPTS / VOL
539. RETURN
5S40, END

21 .
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L = L & ITERM
It = 11 ¢}
Ll =L - 1
IF (11 +GTe L) GO TO 20
DO 500 12 = 11 , LY
TABLE(I2,COLY = TABLE(I1T,COL)
500 CONTINUE
20 IF (1 «GT N1V GO TD 400
CALL FILL(TARLE ,COLoNs1I.L)
400 CONTINUE
300 CONTINUE
K = NUMSK
NUM = NUM - 1
rfoL. = COL + 1
IF (NUM ,GE.2? GO YO 10
RETURN
ENO
gCCCCCCCCC
C Floe-(TABLE ¢COLeNsITeL32~ YO STORE SOME ELEMENYS IN LTH ROW OF
C ARRAY TaBLE.
C
[ddddddd
SUBROUTINE FILL(TAPLE+COLsNeIT,.L)
INTEGER TABLE(T720.6)
INTEGER COL., COL1
COL1 = COL + |
Ix = TABLF(!I-CDL'
20 100 1 = COLY,
100 TABLE(L+l~-1) = TABLE(I!.I’

TABLE(L +N) = IX
RETURN
END

L N 5 g Yok W v g < ke
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4
C MAIN PROGRAM TO OPTIMIZE GH ENCODING FOR A PCINTSET,
C SUCH THAT EACH HYPERCUBE HAS DENSITY NO LESS THAN A GIVEN
c THRESHMOLD DENSITY,.
C PTSET. ARRAY CONTAINING PDINTSET.
C THRESH: THRESHOLD DOENSITY,.
C : NDJ.OF POINTS [N POINT SEY.
C N DIMENS)IONAL SPACE,
C FLG FLAG USED YO TURN OFF € ON PRINTING OF INTERMEDIATE
C RESULTS.
C CALLS :-
C (1) GENPTS: YO GENERATE M PCOINTS IN N DIMENSIONAL SPACE €
C STORE THEM IN ARRAY PTSET.
C (2) DPYMUM: TO GENERATE OPTIMAL GH ENCODED TUPLES. AND
C RETURNS THEIR NUMSER IN NCODE. IF FLG IS ON +PRINTS
C THUSE GM ENCODED TUPLES AL SUe THERSH IS THE THRESHOLD
C DENSITY SUCH TMHAT EACH HYPERCUBE MHAS DENSITY NO LESS
C THAN THRESH.
C
[dadddd s S8 oo
INTEGER PTSET(110+6).TABLE(11)
INTEGER FLG
N= 3
FLLG = 1
DJ 3027 M = 1204122410
CALL GENPTS(PTSET.M.N}
Du 420 ITH = $10,110.10
NJOEN = TTH - 10
THRESH = NDEN/10040
IF (FLG ,EG. 1) GO TO 10
PRINT 1
1 FURMAT (*1°,10X, 'INITIAIL POINT SET 1S:°*)
DG 1090 1 = 1M
PRINT 2 J(PTSET(1e¢Jd)eJI=1N)
100 CuNT INUVE
2 FURMAT (*0° 430X e?(*4613,°)*)
PRINT 3
3 FURMAT(////7100(%%*))
PRINT 4
4 FURMAT (/7 +25X, *HEURIST IC APPROACH')
PRINT S
s FUPMAT (25Xt ——memnnce acaa-- e |
10 CALL OPTMUM(PTSET «MeNe THRESHNCODE FLG)
400 TABLE(ITH/10) = NCODE
PRINT 64N
6 FURMAT (/7701 0X+*DIMENSION = *,15)
PRINT TeM
7 FURMAT (10X +*NOe OF POINTS IN SET= *,15)
PHINT B8
8 FORMAT (*0°*,10X,* THRESHOLD *,10X.*# UF CODES GENERATED')
Dy 202 1 = 1.11
It =1 ¢ 30 - 10
PPINT 94 ITH,TADLE(])
290 CUNTINVE
300 CJUNT INVE
9 FURMAT (10X o1 1010X0110)

23
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STUP

EfD
cceeecccceec
C

C RANUOM(X): GINERATE A RANDCM NUMUER Xo J <= X <=1e.Us WITH
C UNIFORM DISTRIDUTION.

C

ceceececeeecce
SUBKUUT INE iRANDUOM( X}
AL X
INTEGFR AZ19727/¢ MULT/25211/+ EASE/ICTCLE/
A = "MOD(MULT*ALBASE)
X = FLDAT(A)/FLOAT(BASE)
HETURN
ENC

ccececcceccec

C

GENPTSIPTSET+MyN)I— TOU GENERAYTE TEST DATA SET IN ARRAY
PISET» wHICH CUNTAINS M NUMBEKS IN N DIMENSIUNAL
SPACE .

(1) RANDUM: TC GET A RANDCM NUMBER,

cceececcece
SUBROUT INE GE
INTEGER PTSET
DO 100 J = 1.
1
™

C
C
C
C CALLS:
C
C
C

TSET, M.N)
)

0O 1C0 1

PTYSET (1,
100 CONT | NUE
RETURN
END
cececeeccccce

C OPTMUM{IPTSEY ¢MgNy THRISH, NCUDE LFLG) I —

C TO GENERATE OPTIMAL GH ENCULDING FOR A oiviEW ThRESHULD
C DENSITYs THRESH, ANL RETURNS ThE NUMEEK CF SUCHh TULFLES
C IN NCLVUCE.

C CALLS:-

C (1) PHRCCES>: 10 COMPUTE THE MEASURE OF PRICKITY FP(1) FOn

< EACH CULUWN 1.

C (2) SGPTI TU GET THE PROPER SET OF HANDLES CORRESFUNDING

C TG BEST VALUES UF THEIR PRIUDKITIES, P(l).

C (3) SORTAT!: T3 SURT POINTSET IN PTSET aeReTo NEw SET UF

C HANDLES.

C (4) ENCUDE: Tu GENERATE GHM ENCLIED TUPLES WITH VENSITY

C NO LE>S THAN THRESHULD DENSITY,

C
C

cceeececcce
SUYLKOUT INE OUPTMUMIPTSET eMeNsTHRISH«NCUDE oFLG)
INTECERK PISET(11046)eP(6)s0(6) ,.CKDER(110)

INTECER FLG
NCODE = 0

it =
100 VARDER( 1)

14
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0(1) =1
IF (MM .GT. 1) GOTO B8O

CALL ENCUDE(MM N.PTSET+sORDERsO+NPTS1FL¢NUMTHRESHFLG)

1F (NUM EQe O) GOTO 70
NCODE = NUM
RETURN
MM = MM + 1
CALL PROCES
IF (FLG «EQ
PRINT 1+(P(
FORMAT(// + 1}
CALL SORT(
IF (FLG +EQ
PRINT 2 o (
1
T
E

PTISET«ORDERP+NPTSsN)

GO YO 30

=1,sN)

PRINTOUT OF P ARRAY 1S5:*', 61%)
N

TSE
1)
) ol
Mo
+0s
1) GO TO 40
1)
o
78
“.

e I=1,N)
FORMAT(//,
CALL SURTP
CALL ENCOD
NP = 0
oD 200 1 = 1+NPTS
IF(ORDER(I) .EQ. 0) GO TO 200
NP = NP + 1
ORDER(NP) = ORDER(1)
CONT I NUE
NPTS = NP
NCODE = NCODE + NuUM
IF (NPTS ,EQ. 1) GO YO 20
IF (NPTS .LELO0) RETURN
IF (NUM oLTel oAND,s IFL EQe 1) MM = MM ¢ 1
IF (NUM o«LTe 1! «ANDe IFL <EQs 0) GO TO 20
GO 7O 110
IF (FLG EQ. 1) GO TO SO
PRINT 5S¢ MM
FORMAT (/710X +*HANDLE LENGTH = *,]5)
PRINT 6 o(O(Idel= 1eMM)
FURMAT (7 «10X ¢« *HANDLES ARE :%,615)
PRINT 7
FORMAT (/410X ., CORRESPONDING GH CODES ARE:*)
NCODE = NCODE + NPTS
IF (FLG +EQ. 1) RETURN
D0 300 1 = 1,NPTS
I1 = ORDER(I])
D0 333 J=1.N
JJ = 0OLJ)
P(J) = PTSEY(Il.JJ}
PRINT 8:(P(K)K=1,MM)
FORMAT (193X« (* 461540 )0 )
IF (N-MM ,CQ.0) GO TO 300
N] = MM+l
PRINT 9o (P{K) oK=K1 N
FORMAT( *¢°*,82X,*5°',5
PRINT 10 +(P(K)eK=NI
FORMAT (%4 ¢ ,65X,’:%,5
PRINT 11
FORPAT('e? ,BSX,")*)
CONT INUE
RETURN
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181, C +3(1) FOR EACH COLUMN 1 WHERE J=lseeeesNe FOR A GIVEN
182. C POINT SET IN ARRAY PTSET CONTAINING NPTYS NO. OF PCINTS
' 183, C IN N DIMENSIONAL SPACE.
3 184, C CALLS:
18S. 4 (1) HPODER: TO COMPUTE P(1) FOR ONE PARTICULAR COLUMN 1.
186, C
187, cceeccecce . -
188, SUDROUT INE PROCES(PTSET +CRDERP (NPTS (N} / 3
189, INTEGER PTSET(110+6)0ORDER(110)TEMPR(110).P(6) R
190. DO 100 I = 1.N {
191. D2 200 J = 1.NPTS
192, JJ = ORDER(J) "
~ 193, 200 TEMPR(J) = PTSET(JJs1) 4
- 194, CALL HPODER(I+TEMPR,NPTS.P) H
- 195, 10C CONT INVE :
N 196, RE TURN : !
197. END 2 -
135. cceececece o
199.
200. C HPDDER{(I+TEMPR M,P):— COMPUTES P(I) FOR A COLUMN VECTOR TEMPR
* 201, C «1T USES HEAP STRUCTURE FOR THAT AND HENCE.
- 202. C CALLS: ‘
203. 4 (1) REHEAP: TU MAKE HEAP OF ELEMENTS OF COLUMN VECTOR TEMPR, .
204, [ . :
3 205, cceeecceccec
' 206, SUJROUT INE HPODER(1,TEMPReM.P)
. 207. INTEGER TEMPR(110).P(6)
i 208. INTEGER TEMP,ELMENT,PSUM:SUM
09. ML = ™
% 10. L= M/72 ¢+ 1
. . 211, 10 L= L=l
- 212, CALL REHEAP(L +M]l s TEMPR}
i 213. 1IF (. «GTe< 1) GOTO 10
1 214, CLMENT = 0
i 215, PSUM = 0
216. SUM = 0
{ 217, 20 TEMP = TEMPR(1)
218. TEMPR (1) = TEMPR(M])
! 219. IF (ELMENT LEQ. TEMP)GO TO 30
' 220. IF(SUM oCTe 1) PSUM = PSUM + SUM ® SUM
221. LCLMENT = TEMP
222. SUM = 1
223. -0 TO &)
224, 30 QUM = SUM + 1t
i 225. a0 Ml = M1 -~ 1
} 226, IF(M]1 «GTe 0) GO TO S50
227. IF (SUM +4GTe 1) PSUM = PSUM 4 SUM 3SUM
i 228, P(l) = PSUM
] 229. RETURN ¢
. 230. S0 CALL REHEAP(1+M! TEMPR)
231, Guto 20
232. END
233, ceeeeecceec
) 234, C REHEAP(L+MI1,TCMPR) I~ MAKES A HEAP OF THE ELEMENTS CF ARRAY TEMPR
t 235, C STARTING FROM TEVPR(L) TO TEMPR(M1}).
i 236. C
: 237. ceeeeecccce
g 238. SUUROUTINLC PEHEAP (L4 M1, TEMPR) N
3 239. INTEGER TEMPR(110) H
k 240. INTEGEP FLAG o+ X o3
3 !
g
; 3
%
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281, 11 =t
242, JJ = 2e]1
243, X = TEMPR(II)
264, FLAG = 1
24S. IF (JJ «GTe M1) RETURN
266, 40 1F(JJ) +GE. M1) GOTO 10
247. IF (TEMPR(JJ) «LTe TEMPR(JJI+1)I) JJ =JJ+1
248, 10 IF(X «GEe TEMPR(JJ)) GOTO 20
249. TEMPR(II) = TEMPR(JJ)
250. It = JJ
251« JJ = 211
2524 TEMPR(II) = X
253. GOTO 30
258, 20 FLAG = 0O
255, 30 IF {JJ +LEe MI <«ANDe FLAG .EO. 1) GOTO 4D
256 RCTURN
257, ENV
258, ceeeececcece
259. C
260, C SORT(P.O.N):~ SORTS P ARRAY CONTAINING N ELEMENTS AND DURING
261 . c THLS SORT ALSO MOVES THE ELEMENTS OF ARRAY O IN THE SAME FASH-
262. C ION SO THAT INORDER TO CHOOSE A HANDLE SEY OF M LENGTH, WE CAN
gga. E CHUOSE FIRST M=) MANOLES STORED IN FIRST Mt POSITION GF O,
‘.
26S. c€ceceeeeecce
266, SUJRUUT INE SORT(P.D.N)
267. INTEGER O(6),PL16)
268. INTEGER FLAG, TOP, TEMP, BOTTOM
9, FLAG = )
Oe BOTTOM = N
273 . 00 =
272. 10 1F(FLAG oeNEe O <ANDes TOP .LT. BOTTOM) GO TO 20
273. RZ YURN
278, 20 FLAG = 0
275. It = BOYTOM =~}
276. DJ 100 1 = 1.11
277. IF (P(1) <GEe. P(1+41)) GO TO 100
2768, X = P(1)
279. ®(1) =PL1+1)
280, P(Iel) = X
261 . TEMP =0(1)
282. 01(1) =0(1+})
283. 0(1+1)=TEMP
284, FLAG = 1
285, 100 CJUNTINVE
286. BUTTOM = BOTYOM -1
287. Gu YO 10
288, END
239. gccccccccc
290.
291 . C SORTPTIPTSET.DeORDERM(NyM2)2= TO SORT POINT IK ARRAY PTSEY
292. [4 WeReTe NEVY HANDLE VECTUR IN O o ORDER CUNTAINTS POINTERS YO
293. < POINTS IN PTSET WHICH HAVE NOT BEEN CELETED YET .M 1S TrE
294, [4 NUASER OF SUCH POINTS WHILE YHERE WERE M2 PCINTS IN TME
235. C ORIGINAL PUINT SETe N 1S THE DIMENSION OF SPACE.
2 6- (
297. [4 HEAPSORT IS USED HERE, THEREFORE:
298. C CALLS:
299, C (1) REMIP: TO MAKE HEAP,
300. C (2) COMPAR: TO COMPARE ORDER OF TWD PUINTS.
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301 C (3) EXCHANG: TO EXCHANG POSITION OF TWO PCINTS IN PTSET.
302. 4
1 303. ceceeeecceec
] 304, SUBRIUTINE SORTPT(PTSET.Ds0ORDERyMeN,M2)
305 INTEGER PTSET(11046)+,0(6),ORDER(110)
306. ML = M
307 L= ML1/72 ¢ 1
= 308. 10 L = L-1
309. CALL REHIP(L +M1,M2eN:O¢PTSET ,ORDER)
310. IF{L «GTel1) GOTO 10
N 311, 20 caLL ExCHAN(onoentn).onosn(ux).n.nrset)
. 2. ML = M1-1
313. CALL REHIP (1 ¢M] M2 N,0«PTSET,ORDER)
31a. 1F(M1 «GT, 1) GO TO 20
b - 315. RETURN
. 316. END
3 317. [dddddd A
318.
: 319. C REHIP(L M1 M2 eNeOJPTSET,0ORDER) I~ MAKES A HEAP STRUCTURE
- 320, C OF THCSE POINTS IN PTSEY WwHOSE POINTER ARE IN ARRAY ORDER,
321. C STARTING FROM ORDER(L) TO ORDER (M| ).
g ggg. g M2 IS THE NUMBER OF POINTS IN ORIGINAL PCINTSET
1 324, ceeececccecc
- 32S. SUSROUT INE REHIP(L eMl «M2¢N,O+PTSET,ORDER)
b : 326. INTEGER PTSET(110:6),0(6}IRDER(110)
; 327. INTEGER FLAG oX
i 328. 11 = L
29, JJ = 2¢11
- 30. I = ORDER(II)
Y l 3. X = M2 ¢ 1
b, 332 DO S LL=leN
3 | 333. 5 PTSET(XsLL) = PTSET(1,LL)
334, FLAG = 1
335. IF(JJ «GTaM1) RETURN
1 336. 40 1IF(JJ «GEe M1) GO TO 10
; 337. CALL COMPAR(NRDER(JJ) e ORDER(IJ+1 ) eND+PTSET, ICOMP)
| 338. IF (1COMP LT.0) JJ = JJI+1
339. 10 CALL coMPAR(x.ORoca(JJ).N.O.PTSET.xcoup)
4 340, IF (1COMP L.GE.0) GO TO 20
: 341, 1 = UPNER(IT)Y
1 ! 342, J = OROER(JJ)
3 343, D0 100 LL = 1N
! 344, 100 PTSET(IeLL) = PTSET(JoLL)
! 3sS. 11 = JJ
. . 346. JJ = 2s11
347, 1 = ORDER(11)
! 3a48. DO 200 LL = 1N
3a9. 200 PTSET(1sLL) = PTSET(X.LL)
350, Gy T0 30
; 351. 20 FLAG = 0O
3s2. 30 1F (JJ eLEe M1l ANDe FLAG +EQ.1) GO TO 4G
{ 353. RET URN
354. EMND
355 cceeeeccece
356. C
57, € COMPAR(1+JeNsDsPTSETLICOMP)I— COMPARES TWD POINTS 1 £ J WeRaT. A
358. C HAWNDLE VECTOUR IN Ds AND RETURNS IN ICOMP:
: 359, c 1 1IF 1TH POINY > JTH YCINT,
360. C v IF 1TH POINT = JTH PUINT,
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361, C -3 1F 1TH POINY < JTH POINT.
362. C
363. CCCCCCCCLC
364, SUSROUTINE COMPAR(1 s JsNeOPTSETLICOMP)
365. INTEGER PTSET(110+6),0(6)
366, 11 =1
367, 100 111 = ot1IY)
368, IF (PTSET(I.111) (,NE, PTSET(J»111)) GO YO 10
369. IF (1Ll +LTe N) GO TO S
370. JCuMP = 0O
371. RETURN
3r2. S 11 = f1e)
373. G0 YO 100
374, 10 TF(PYSET(I+111) oLTe PTISET(Je111)) ICOMP = —] .
37r5. IF (PYSET (14111)eGT4PTSET(JelII)) ICOMP = | 4
376. RETURN .
A77. END
g;g. SCCCCCCCC
-
380. [« EXCHAN(I ¢ JosNePTSET )~ SWITCHES THE POSITIONS OF TwO POINTS | € J .
381, C IN ARRAY PVSET WHICH CONTAINS A POINT SET IN N DIMENSIONAL
3az2., C SPACE. {
383, C . :
384, CCCCCCCCCC
385, SUDROUT INE EXCHAN( I ¢ JoN.PTSET)
366, INTEGER PTYSET(110.,6)
387, 00 100 11 = 1,N
308, ITEMP = PYSET(1,11)
189. PTSET(1.11) = PYSET(J ()
Oe PTSET(I11) = ITEMP
e 100 CONT INVE
2. RETURN
23, END
gg;- ECCCCCCCCC
-
396. [o ENCOUE(MosNsPTSET sORDER«O«NPTSe IFL ¢ NUM s THRESH,FLG) i~ GENERATE
397. C SHM CGDES FOR A POINT SEY PTSETe CONTAINING NPTS POINTS IN
398. C N VIMENSIONAL SPACE. ONLY THOSE NHYPERCUBES wHICH HAVE DESITY
399. C => THAN THRFESHOLD DENSITY, THRESHe ARE INCLUDED IN OPTIMAL GH
400, C ENCODINGs FOP A GINEM My NUM CONTAINS THE NUMPER DF SUCH
401 C HYPERCUBE GENERATED WoeReTe A GIVEN HANDLE VECTOR IN O,
402, C ORDER ARRAY CONTAINS POINTERS TO POINTS IN PTSEY wHICH ARE
403, C STILL IN POINTSET, FLG IS A FLAG USED YO TURN OFF £ ON
404, C PRINTING OF OPT IMAL 3H ENCODED TUPLES.
40S. C CALLS?
406, c* (1) MINMAX: TO FIND THE MINIMUM £ MAXIMUM ELEVENT IN A
407, C PARTICULAR COLUMN FOR SOME PONTS CONSIDERED VO BE IN
428, C IN THE CURRENT HYPERCUBE.
‘O:. g (2) DENSITY: TO COMPUTE THE DENSITY OF A GENERATED HYPECRCUBE.
410,
4ll. [doddd ol o
812, SUdROUT INE ENCODE(MeNsPTSET«ORDERDO«NPTS IFL «AUM, THRESH.FLG)
413, INTEGER FLGJFLAG
L3 INTEGER PTSET(110¢6).0(6)¢CODE(12),0RDER(110)
! 415, MM = M =)
416, 1F (FLG «CQe 1)} GO TQ 70
417 PRINTY )
418, 1 FORMAT (/7))
419, PRINT S,.M

420, S FORMAT (11 X4 'GH* 4 12+°* CODES ARE:*)
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A\l
421, PRINT 06.{0(1)el=],MM)
422, € FOKMAT ('3 2, 10X, *HANDLES ARE:'¢615)
L 423, 70 IF(MM .EQ. N} GO TO 20
, a2a. 1F (MM ,EQe. 0) GO TO 10
] 425, NUM = 0
2 426, IFL = 0O
S a27. M1 = NPTS +1
' 428, 1 =1
p: 429, J = 1
> 430. DO 100 K = 2.M1
- 433, IF (K GT. NPTS) GO TO 40
: - 432, FLAG = 0 ;
433, 11 = ORDER(K) 2
438, i2 = ORDER(K=-1) £
A 43S, UG 200 JI = leMM
- 436. JJ = 0tJ1)
: 437, IF(PYSET{11¢JJ) oEQe PTISET(12.,4J)) GU YO 200
438, FLAG = 1
. 439, G0 TO 330
440, 200 CONT INUE
. a4). 330 1F (FLAG +EQe 1) GO TO &0
1 442, J= J o+ 1
! a3, G0 TO 160 .
b bba, 40 11 = ORDER(I)
A4S, 00 300 J1 = 1,MMm
446, JJ = 01
a7, CODE(JL) = PYSEV(11+4I)
sas, 300 CUNT INUE
3 449, NI = MM+l
L | 50. L = MM
! ile NN = N =MM
2. DO 4900 J1 = NI N
| 33 JJ = 0tJ1)
f 458, CALL MINMAX(PTSEToORDEReJJSs e JeMINyMAX )
4S5, L=L +1 .
‘ 456, CODE(L) = MIN i
: 457, 400 CODE(L#NN) = MAX 3
458, DEN = DENSYY(CODE sMMoNol oJ) ]
459, IF(DEN GESTHRESH) GO TO 111 i
460. 1IFL = 1 3
461, GO 10 555
462 1 IF (1 .EQ. J) GO TO 555 i
, 463, N2 = L .
: 464, N3 = L ¢ NN g ‘
' 465, DD 333 1K = [,4J i
. 466, 333 ORDER(IK) = 0 N
‘ 467, IF ( FLG +€EQ. 1) GO YO 7 -
468, PRINY 32,(CODE(I)el = | MM) ?
469, 32 TURMAT(*0*,10Xe*(*.€613)
470. PRINT 33,(CODECT)e1=Nl.N2) 3
471, a3 FORMAT( *4¢,30Xs*3",613) i
! 472, N22 = N2¢1
a3, PRINT 34,(CCDEC[)¢I=N22,N3)
478, 24 FORMAT (4 *,50X,";*,613)
475, PRINT 35 1
476, 3s FORMAT( 4% ,60Xs%) ) 1
ATT. 72 NUM = NUM ¢ 1
478, 555 1 = K
479, J = K E.
480, 10C CONT INVE - i
]
|
iy
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‘sz * C
483, C
ABs, SUBRIUTINE EXHAUSIPYSET sMesN«NCODE . IFL)
485, INTEGER PTSETC(I10¢6)40(62¢ TABLE(720+6) NCODE(S,3)
ARG, CALL ORINMB( TABLE JNY
ART7, 1TERW = |
488, DO 190 1 = 14N
AR, 100 ITERY = [YERMe
490. DO 200 1 = (LITERM
491, D) 300 J= 14N
492, 300 0(Js = TABLE(L .Y
493, 1F(IFL +€Q. t? GO TO 88
494, PRINT |
495, 1 FIRMATL/7+1 11X, "HANDLES CHOSEN &RE2*)
406, PRINT 2.(0CJ1sJ=lN)
acT, 2 FORMAT( 0, 10X, 415
498. an CALL SORVOT(OTSEY s0OeMNY
499, IFLIFL +€EQs t) GO TO 89
S500. PIINTY 2
501, 3 FORMAT (/741 I X+ *FOLLOWING ARE GH CODES WoR.T, ABDVE ¢
502, $ « "HANDLES: '
503. 89 Nl = N ¢ |
50e, 03 SN0 J4 = 1.NI
508, CALL ENCODE(JMiNDPTSET ,NUM,IFL Y
50%. IF(J +LEsl «ORe J +GELN1I GO TQ 500
507, IFINUM LT, NCODE(J~1.2)) NCODEC(JI~142) = NUM
509. IFINUM oGTe NCODELJ=1¢33) NCODE(J~1+39% = NUM
ca0, 500 CONT INUE
de IF( IFL «EQ, 1? GO YO 200
wale PIINY &
St2. 4 FORMAT(//.100(","))
S13. 200 CINTINUE
S1a, RE TURN
515, END
g:gc SCCCCCCCCC
.
Si8, c PRCOMBITASLE,N): YD FIND ALL POSSIBLE SCT OF MANDLES, USING
5to. [« SERMUTATION COMBYINATIONL,EACH ROW OF TARALE CONTAINS ON SEY
S$20. C HAND_ES.N S THE DIMENSION OF SPacCE,
521 C CALLS:
gg:o g (1) FILL: YO STORE PROPER COLUMN NUMBERES IN TaBLE,
23
524, [dddedddoqa
525. SUMROVUY INE PRCOMBI{TABLE «N)
526, INTEGER TARLE(720,61)
527 INTEGER COL
528. NUM = N
529, DY 100 § = 14N
S0, 100 TABLEC(L 1) = 1,
t 531, K =t
532. coL = 1t
533, 10 = 1
Sa, Nl = NUM -
535. YTYERW =
536, DO 203 [ = (NI
537. 200 JYZRW = [TERM =1
[, 538, 0 300 Xt = {,K
519, D3 400 1 = t,NUM
L
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