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TECIHNICAL MEMORANDUM 78133

A FAST ROUTINE FOR COMPUTING MULTIDIMENSIONAL
HISTOGRAMS

I. INTRODUCTION

Usually, a table look up procedure can be used to calculate bistograms
for data containing up to two variables or having two dimensions, provided that
the range of each variable s known and a satisfactory class.interval can be
selected that does not exceed the computer memory allocation. Tor exampie,
suppose that data representing two variables (two-dimensional data) have been
digitized to six bits so that each variable has an integer range of from 0 to 63.
The resulting joint histogram could have as many as 64% = 4096 different ele-
ments, but in most cases not all of them will occur. All of the different ele-
ments would oceur, however, if the two variables were Independent and com-
pletely random. To account for that possibility, a software routine would have
to specify that 4096 memory locations be set aside for counting the number of
occurrences (population) of each different element,

It N(I1,J) is the population counter, and I and J ave the data values
(0 to 63) of the two variables, then N(I,J)} is increased by one avery time the
paired values of [ and J are encountered in the data. Thus, the paired data
values are the indices (table) of the population counter and there is a one to one
correspondence, hence the name table look up., Usually a table look up proce-
dure wastes niemory locations, since many of the different paired data values
I and J never ocecur, but the procedure is extremely fast.

The seavch procedure does not usually require as many memory loca-
tions, but it is a much slower approach. Thus, the tradeoff between the two
procedures is one of computer memory requirements versus computer time
needed to perform the search.

For the search procedure, not only is a population counter needed, but
another variable for identifying the different elements of paired values, I and J,
that have occurred is also needed. For the table look up procedure, the indices



of the population counter were the identifiers. In the search case, let N(K) be
the population counter of the Kth different element of paired values I and J. Then,
let M(X, L) be the Identifier of the Kth different element (two-dimensional
vector) with L equal to one for the first component and L equal to two for the
second component, Thus, the value of M(K,1) and M(K,2) would be the
respective I ancd J paired values of the Kth different element. For every pair of

i - T.and J values, the list of M{K, 1) and M(K,2) has to be searched to determine
if the paired I and J values, respectively, are equal to any of the K identifiers,

. M(K,1) and M(K,2). If IandJ were the same as the Lth identifier, the seaxch
would be terminated and the population counter N( L) would be incremented by
one. However, if the paired values of I and J were different from 2ll of the K
identifiers, this new element of palred values would be added to the list by
setting M{K+1, 1)=I, M(K+1,2)=J, and setting the population counter N{K+1)=1.
Thus, the list grows as new palired values are found and the search usually takes
longer and longer.

With multispectral image data, the memory location requiremente are
usually too large to use a pure table look up procedure, and too much time Is
.. required to use a pure search procedure. Therefore, the problem Is to find an
. effleient combination of a table look up and search procedure for calculating
multidimensional histograms,

?;e;“% I1. LANDSAT HI STOGRAM EXAMPLE USING

2P A PURE SEARCH PROCEDURE
§;

In one Landsat image there are 7 581 600 picture elements ( Pels), and
each Pel, which corresponds to a particular location of approximately 80 m
resolution in the ground scene, is represented by a four-dimensional vector.
The four components of this vector correspond to the reflected light intensity
in each of the four different spectral images acquired by the sensor at a partic- .
ular ground scene location. All four spectral images are digitized to six bits,
but three of the images are radiometrically corrected to seven bits. Hence,
in three of the images the data can range from 0 to 127, while in the fourth the
data can range from 0 to 63. The maximum number of different four-dimensional
vectors that could be generated with this combination of integers is 1283 % 64 =
131 096 512, However, since there are only 7 581 600 Pels in an image, and
not all of the vectors will be different, it is estimated that there could be as
many as a million, or at least several hundred thousand, different four-
dimensional vectors in one Landsat image., Thus, the memory requirements
for a four-dimensional histogram are huge regardless of whnat kind of procedure
is used.



A pure search procedure was written for an IBM-360/ 75 that would -
terminate after the desired amount of data was examined, or 10 000 different
four-dimenslonal vectors were found, or if the computer time exceeded a
specified amount, In the terminology of the Introduction, there were 10 000
N(K)'s and 10 000 M(K, L)' s with L going from one to four. Table 1 shows

. the results of the search procedure as a function of the number of Pels, the
number of differant vectors and computer time,

TABLE 1. SEARCH PROCEDURE COMPUTER TIMES

Number of Number of Computer Time
Peis ' Vectors (s) '
22 932 1975 111
22 932 1995 128
22 932 2234 134
22 932 2254 135
29 932 3172 174
22 932 3850 270
22 932 . 6213 N 517
22 932 6576 A 529
22 932 . 8039 : 721
12 000 2395 108
60 000 5073 _ 686

120 000 . §738 1565
132 000 6912 1735
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Two dliferent cases are considered in Table 1. One is where there are
a moderate number of dliferent vectors per number of Pels, and the other is
where there are many more Pels than vectors. The first case is a test site
containing 22 932 Pels, but the image data were acquired over the test site at
nine different times and therefore contain a different number of vectors in each
acquisition. The second case ig a different test site, and the search program
was started at the same Pel location each time, but the total humber of Pels
examined was increased with each run. In the first case the computer time is
more dependent on the number of vectors, while in the second case it appears
to be more dependent on the number of Pels. Table 1 illustrates that for this
type search procedure, the computer time will be highly independent on the
Image test site data and difficult to estimate.

The malin reason the pure search procedure is so time consuming is that
each new and dlfferent vector will he compared with all of the previous vectors
that have been found before it Is inserted in the table, and the vectors are not
ordered in any partlcular sequence, except for the order in which theyvoccurred
in the image data. Thus, the problem is to invent some ordering procedure so
that the number of searches can be drastically reduced.

i1, COMBINATION TABLE LOOK UP AND SEARCH PROCEDURE

As a means of ordering the different vectors, it would be convenient if
each different four~-dimensional vector could be represented by a unique single
number for a table look up procedure, but yet not exhaust and waste memory
locations. It would be even more convenient if these single numbers could be
consecutive integers starting with one and ending with a maximum number that
can be determined from the amount of memory locations that are allowable., In
the opening paragraph of Section II, it was shown that it is not practiceal to assign
a unique number to each different vector since it is not possible to count all tha
vectors with most computer systems. However, it is possible to count a con~
siderable number of different vectors at a reasonable rate If each different
vector Is assigned a single integer number that [s approximately unique.

To describe this approximation, the use of the terms divisor, base, and
multiplier need to be discussed. Let Iy, I, I, and I; be the components of a
four-dimensional vector or the value of the image data at a particular Pel
location for the four spectral images, and assume that the I values are 83, 37,
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G4, and 52, respectively. Each component value is divided by a divisor and the

, remainder is computed, For example, IHf the divisor is 10, then tho romainders

Ry, Ry, Rs, and Ry would be 8, 7, 4, and 2, respectively. The base {s used to
convert the four integer remainders to one number. If the base is 10, then Ry
is multiplied by 10%, R, by 10, R by 10? and R, by 10, and the resulting num-
bers are added together. TFor the partlcular example glven, the vector 83, 37,
64, 52 would be converted to the slugle number 2473. Using a divisor and hase
equal to 10, the largest sinple number that ecould be obtained for a four-
dimenslonal vector is 9999, These single (nteger numbers are not unique since
there are Instances where different vectors will he converted to the same num-
ber; and to help distinguish them, a multiplier is needed. Suppose fo» the cuse
where the divisor and base are equal to 10, that it is desirable to count up to

40 000 different vectors. The muitiplier (s computed by dividing 40 000 by 9999
and rounding off to the lowest integer value, whiceh s this ecase is four. Thus,
the vector 83, 37, 64, 52 is converted to the numbér 2473 by the divisor and

. base, and thav nurnber is converted to 9892 hy the multiplier, four. The multi-

plier by itself do=s not solve the duplication problem, but it does provide the
papability for drastically reducing the number of searches that are required
when duplicate Indices or table values are encountered.

Thus far, the table look up part of the histogram procedurs has been
described, The search procedure starts after the vector has been converted to
a single table number, K, and Is based first on the population counter, N(K),
and then on the actual vector components, M(K, L), where L=1, 2, 8, 4. If
the population counter N(K} is zero for a particular K value, then the population
counter is set equal to one and the components of the vector arve put into M(K, L).
If the population counter N(X) is not equal to zero, then the vector components
are compared with the components that are in M(K, L}, If the vector components
are Identical to the M(K, L) components, then the population counter is inerc-
mented by one and the search is terminated, Otherwise, the table value K is
incremented by one and the search procedure is repeated with the population
counter N(K+1), The search procedure ls terminated when an empty space is
found in the table, an identical vector is found, or when the table is completely
filled. The indaex K can he Incremented by one until the end of the table is
reached, which in the previous example was a value of 40 000, If the value .
40 000 is reached, K is set to one and incremented from the beginning of the
table. This procedure is used until 40 000 different vectors ave found, and the

‘program terminates when vector 40 001 is encountered.
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The multiplier performs the function of providing additional consecutive
loeatlons In the table for different vectors having the same Index K. If the multi-
plier is four, then K is an integral multiplier of four, which means that there are
three K values that cannot be computed from the vector daia between evary two
consecutive K values that can be computed from the vector data. For example,
consider the two vectors 83, 37, G4, 52 and 84, 37, 64, 52, which only differ
by a value of one In the first component. The corresponding K values are 9892
and 9896, and the K values 9893, 9894, and 9895 cannot naturally occur in the
vector data. The three K values that do not naturally occur could, for example,
be the table values for the vectors 73, 67, 44, 32; 53, 57, 14, 32; 23, 17, 84, 52
all of which have the index 9892. Thus, the index K tell's where to start seavreh-
Ing In the table and usually the search does not have to continue very long, If
the multiplier Is N, there wlll be N consecutive table locations available for
different vectors having the same Index K, and the naturally occurring indices
are equally spaced. The preceding statemenc s true provided the divisor and
base are the same number, Occasionally, the situation arises where there are
many different vectors in the data that ail have the same index. When this
happens, some of the vectors may be placed in the table at considerable dis-
tences from their index value and the search time for these vectors will increase.
This situation can be remedied somewhat by making the base larger than the
divisor. This has the effect of inserting additional spaces of indices that do not
naturally oceur in the vector data at table values that are integral multiples of
the base times the multiplier, The number of these spaces that are inserted
at each integral multiple is equal to the difference between the base and divisior
times the multiplier. Making the base smaller than the divisor is nnt profitable,
since it usually increases the probabllity of occurrence of index duplication in

-the vector data and makes the search time longer.

B T e o AT B e e+

The cholce of a divisor, base, and multiplier will mainly depend on the
amount of computer storage that is availabie, but in some cases may depend on
the distribution of the data as previously discussed. A cholee can be made by
using the relationship between the maximum number of different vectors K, and
the divisor D, base B, and multiplier M which is given by

KzM:(D-1) - (L+B+B*+B% with B=D and Mz 1 .




This particular combination table look up and search procedure generally
proceeds at a fast pace until the table of vectors starts to {ill up, TFor Landsat
imagery It appears reasonable to assume that the table size should be approxi-
mately 20 percent of the total number of Pels examined: for small test areas,
and this constraint can be considerably relaxed for test areas containing several
hundred thousand or more Pels. For iraage data during the growing season, the
vector table needs to be made several times larger.

Teble 2 shows the results of the comblnation table look up and search
procedure for vayious Landsat test areas. 1n this case the computer time
appears to be mainly dependent on the number of Pels and the distribution of the
vector data, provided the table size is large enough, and mostly independent of
the number of different vectors.

TABLE 2, COMBINATION TABLE LOOK UP AND SEARCH
PROCEDURE COMPUTER TIMES

' Number of Number of Computer Time Table Size
Pels Vectors (s) ( Vectors)
21 504 450 7 30 000
21 504 3552 7 30 000
21 952 472 6 40 000
21 952 3 598 7 40 000
51 000 1118 14 40 000
51 000 11179 15 30 000
310 800 11 180 80 - 30 000
310 800 19 602 76 30 000
310 800 27 847 96 - 40 000
312 000 33670 | 56 60 000
708 000 54 905 457 60 000
1 440 000 25 001 347 40 000
1 440 000 27 696 505 40 000.
1 440 000 3L7sL | 424 | 40000
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I/, APPLICATIONS

The maln application of the multidimensinnal histogram computation is
multiimage or multivariable signal processing, provided the number of different
vectors does not reach an unmanageable size. As more ‘.mages ave added to
the daty set or as the dimensionality increases, the number of different vectors
will Increase drastieally and some averaging process, such 2s a clustering
approach, may be needed to reduce the humbeyr of different veclors to 2 manage-
able size. In cases where the number of different vectors is muech smaller than
the number of Pels, conslderable savings In processing costs can be achieved
by extracting the multidimensional histogram information and reformatting the
image data. The reformatting takes the form of placing the vectors at the
beginning of the data, together with the number of times each vecinr occurs,
followed by the image with one humber at each Pel location that identifies the
vector that belongs there. This type of format permits each vector to be
processed once, instead of processing every Pel, and the results of the processing
can then be applied to each Pel with more cost effectiveness by using a table look
up procedure, This type of format is efficient for all types of processing, except
those that require spatial averaging such as filtering and interpolation. The
types of processing that require spatial information could be performed by
recongiructing the lmage data to its original form, but more different vectors
would be generated as a result of the spatial processing., The main types of
processing that would benelfit from such a format include classification inven-
tories, image ratioing and differencing, density stretching, lower order distribu-
tion computations, and other types of lmage transformations, The number of
different vectors contained In an image could also be used as a measure of image
complexity, and as a criterion for evaluating varicus lmage processing techniques.
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APPENDIX A
FORTRAN PROGRAM LISTING
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COMPILER JPTILuY ~ dadks  YALNUPT= 2L INECHNT=56,51202))))K,
SOELE FRCOIC NDLISTo N TIFCK (LEOAD  MAPy NORD T, F NDXSTT
[SN )02 LUGILALYL i 4d0d0 6 ) e Mis) Al THS]
ISN 0003 DIMENSTUY WPuP (40000} s HN{L22)

THF PRIGKAA LUMPUTES A 4 DIMENSIONAL HISTUGHAM,

THE VeuTaRS ARE REAL by ONF RLECJIFD AT &

TIME U3 ENe THE VAR[AHLE A

ML oJialif J CUUPCNENTS I THE | DEFFERENT VEGRTNRS T4 THE TAJLE
NPAPLLI=THL NYMGER OF NCCURRKFNCES PR ThE IYH VECTDR Iy THE TAULLL
NNE LY THE HJA3ER (F DLFFFRENT VLCTOKS THAT OCCJR | TIWES

MxTHE LIMPONeNTS DF & YECTOR

HWHANDsNYIMAER 1 SPELTRAL [MAGES NR VECTNR DIAFNSTHN

NP x=NUAHER (F PFLS PLs TERLORD

NOITE® L4BLK OF B RIT dAYTES PER RICURD, THE ASAUMFLT OF A
HRFCen-IARER 1M REGEPPS T GXAMIN|

KQU.eTzn VAnladlt USED TP COUNT THE KUMSFR OF DIFFERENT VLLTIIAS
KNT=A JanlagLr USLD T2 COUYT THL NUMBLR JF PICTURE ELFMENESIPFLS)
M=l vISIK

JHUL=NASE

JEAC=JLTIPL LN

hSK IPsNuUMBLA OF QECOUNS T BE SKXIP

STRITH=aSU s JuT [Nk TC START CLOCK FOA PRINTIMG DUT CIMPUTER TIug

1SN D204 CalL ST4TIN

] [ahelnlzizEabeBelsBalelalalala e Ra By R ol el

ARITE TITLE FOK ULTPUT PALE

be )

1SN 0005 WRITE{G1)))
TSN 0006 700 FOEMATLY HaSHY' 94 e *LACIF FILF L'+ /)
[
1SN )7 PEAGEG e FILINSKT] o NV AND G NP L X e N3 TF o w EC o JFACY EHUH) dM0
SN 3308 701 FURMAT{UI 9}
1SN 0009 WRITELS yTUOZINSK I HPIX ARLC  JFAC, [MID, J40D
TSN 0010 712 FORDATEY RECild. 5 SKIPPENsY1S, 0 HIXELS USFD=s'[5,
6" RLCUHROS dsbaa! Thy "MULTIPLILE="]5," NIVISAR="[4H, ! RASE=115,/)
ISN 00l KMT=J
ISN 112 KOuUNTe )
c .
c MFAL=A VARTAGLE USLD TU PRINT QUT THE PLL NUMDFR AT EACH 10.3TH
C AND 190uTH MEW VEGTUR
1SN O0G13 MFAG= LUy
f
¥ SKLIP NSKIe gGURDS
ISN U114 IFINSKIP. BV ubGn TO A1
ISN 116 Ut uJ [=1.NSKLP
[SN 0QLT7 . READ t12)a
ISN 018 8) CONTIHUF
C
¢ IFFAT=HAX THUM NUMBFR MF DIFFERFNT VECTORS ALLOWED
ISN 0019 Bl IFEAT=Rd1))
[
c INITIALLAL ALL VECTNR ROPULATIONS TO ZERN
TSN 0020 N0 33 I=sk+IFEAT
ISN 0021 NPOPLT) =D
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1SN nj22 83 CONTIHUE

c
[ LOUP 3ud READ IN NRLC RFCHRDS
1SN 0023 DI 300 I=l.NHEC
[
c READ IN UNE RLLIRD
ISN 0024 READ (l10)a
G
. c ACCUMULATE FUUR UIMENSTUNAL HISTOGRAM FOR EACH
c RELORU. Jde JAy JByJC ARE @YTL COUNTERS FOR FACH PIXEL.
ISN D025 G DN 2J) Ju |y NBITE ) NBAND
C
. c COUNT EVERY PICTUKE ELCMENT {PEL}
ISN 0726 KNTSKNT #L
G
[« GET EnCH VYECTUR CUT OF A AND PUT INTD 4
[SN 0027 21 JA=J+l
ISN 0)28 Ji=JA+l
ISN 0329 JCe il
ISN 0030 M{L)=AlJd)
ISN 0131 Mi2IsAldA)
1SN 0032 M{2)1=ALJR)
1SN 0033 Mi4)=al JC)
c
C 4 DIMEASIUNAL HISTOGKAM ROUTINE (COMBINATION TABLF LOOK UP/SEARCH
C PROCEDJRE }
c BEGIN TABLL LDOK UP PART
ISN 1034 L=d
ISN 0335 DO 99 N8=],NBAND
1SN 00236 IN=HIND )~ [MOLEtMIAR )/ LHOD)
ISN )37 L=lD+LadMuy
1SN 0038 99 GONTINJE
ISN 0039 LaL*«JFAG+]
a END TAoLE LOOK up PART, START SEARCH PART
I5N 2349 £33 IF{APOPILYLNE.OIGD TS L10
G
¢ HAVE FiuNU A NEw VECTOR., INCREMENT VECTUR COUMTER
1SN D042 KUUNT=KUUNT ¢1
C
c MN IS A FEATURF VECTOR COUNTFR THAT INDENTIFIES
I EVERY LJJTH AND 10)9TH VECTOR
15N 0047 HN=KOUNT=(KDUNT /MFAC) =MFAC
ISN 0044 IF {(Mis.NE.3) GO TO LJ1
ISN 0046 JF{KOUNT . GL . 9900 ) MFAG=1J0)
ISN 0048 X=KNT
LSN 0049 - Y=KUOUNT
15N 0050 X=X/Y
c
c PRINT PEL NUMBER FOKR EVERY LOOTH AND LOOOTH VECTOR
1SN 105! WRITELO.BU0) Lo KNTKULUNT, X
ISN 0952 80) FORMATILX ¢ tSUANZY 15,2% TPELNO.=119,2Xs 'VECT.NO.=115,10X,

Ltp/V='F15.6)
[
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c CHECK TO SEE 1% LIMIT ON NUMBER OF VECTURS
c 15 EXCEEDED
1SN 0053 161 IF (KOUNT.GT.IFEATIGN TR 400
c -=
_ c SET POPULATION UF NEw VECTOR TO ONE i
ISH 3055 HPUPLL) =) i
c 9
. ¢ PUT NEW VECTOR INTQ TABLE o
: ISN 0056 D0 1J5 Ni=1l.NAAND v
' ISN 0057 . NIL NRI=MIND) i
. ISN 0058 105 CONTINUE i
TSN 0059 G0 TO 200 !
c l‘i
c CHECK TU SEE IF VECTOR IS IN TABLE « ok
ISN 0060 110 DU 20 M=l ,NOAND r
1SN 076l FFINIL NB)SNEJHMINB) JGU TO 130 i
15N 0063 12) CONTINJL : L
¢ :
c VECTUR [S LN TADLE, INCREMENT PUPULATION CAUNTER K
ISN 0064 NPJIPILI=NPUPIL]+1 “
1SN 0065 60 TO 200 A
6 ' I
¢ VECTOR [S NUT ITHE SAME AS THE NNE WITH INDEX L, .
L TRY THE NEXT [MDEX i
ISN 0066 130 L=L+]
c . :
¢ CHECK TU SEE IF [NDEX [$ LARGEF THAN END 0OF TABLE i
c IF SU. SET INDEX TO UNE ANO START AT DEGINNING OF TABLE :
ISN 0267 IFIL.GT.IFEAT)L=1
15N NO6Y U TO 193
a
c KFTURN TO NEXI VECTUR i
ISN D070 200 CONTINUE :
C a
¢ RETURN TU NEXI RECORD i
ISN D071 306 CUNTINUE :
_ c ‘ ,
c HAVE COMPLETED HESTUGRAM 4,
¢ PRINT LAST NEW VECTGR AND PEL NUMBER THAT DCCURRED 5
[SN 0272 4U3 X=KNT :
ISN 0073 Y=KUOUNT s
ISN 0n74 =x/Y -
1SN 0075 [=1-1 _ :
1SN 0075 WRITEL6 4001 1 KNT KUUNT ¢ X : ;
c ¢
c WRITE UT FEATURE VECTORS THAT OCCUR H
c AT LEAST 1000 TIMES :
Isi 0077 DO 440 I=1,IFEAT .
ISN 0074 IF INPYPLT).LT.LI000IGU TO 450 :
ISN J089 WRITE [6e8L3] [NUIJNCIaNC=1,41¢NPOP(I) ' :
ISN 0081 BL0 FORMATILX 4L14)fPUR,='1T]) I
1SN 0082 450 CONTINUE : ;
C : ' i
c POPULATION DISTRIBUTION tN LOGARITHFIC INCREMENTS |
: L
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15N
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TSN
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Jab
Qaa?
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Jn3
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Jiy
(VRN
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olan
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0zl
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0124
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0120
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et
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85)

4249
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NNEL)=)

CUNTENUL 4
N 5% ) lalJiFEAT
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FlaNPURTT I/ 100D

TFCITL.LTLLIGO TY 512

Il +109
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G0 TN Hav

[leaPUPll)/12)

IE (T1aLTollud TO &30

[T=11¢09

THE ABJVE GOUNTS THE NUMBER OF VLCTHRS THAT OGCUR 10US AF TIYES
6 TY byl
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THE Awtve CIURTS THE NUMPBER OF VLCTOKS THAT NCGCUR FIOM 1=99 T14ES
NNLL =Nt e

CUNTINJE

M 200 I=l,49%

TECHNT LT LT LIG) TO 60

Xanmilhel))

Xsxn/lY

PRINT *HF hJMUER IF VECTURS THAT OQCCUR 1=y TIMLS

WRITE w20 Lasat e X

FORMATLLIX « " NILVOCCURRENCES= 1540 X 'HiWw MANY='IG ¢t PERCLNTuIFR &)
CUNTINUL

NN

M} 279 I=10)136

IF INNLDYWLTLBEG T 570

AENESWE

X=NNE TR LU

X=X/Y

PRINT THE NJMZER DF VECTORS THAT [CCUR 108 0: TIMES
WRITEIO v 2UddeNNTT X

CONTINuUE

J=y

A 3u) I=11)412)

TRUBNLL LT LG Tu 539

JaJeld))

XehiNt11®11)

rEX/Y

PRIGT THe NJMbER CPF VECTURS THAT OCCUR 13035 OF TIMES
WRITELO+HAUVIJGNNLT X
CONTINUE

CALL TIME fJUTINE AND PRINT ELAPSED TIME
CALL GETETM :

CALL PRTLTY

REW IRD L)

STUp

END
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APPENDIX B
SAMPLE OUTPUT RESULTS

BECEDING PAGE BLANK NOT FILMED
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h
HASH LALJE FILE ) i
AECORQS SKEPPEDs @ PIXELS USCOs 196 RECORDS USED= L12KULTIPLIERs & DIVISOR» 9 DASE= 1D N
i
SCANN 2 PEL.ND.# 213 VELT.NO.= 13 prye 2.12499914 %
SCANs 3 PEL.NO.« 43) VECT.HD.= 200 B/Va 2.14999962 i
$CANs & PEL.ND.z 679 VECT.K(.® 30D P2y= 2.26333332 3
SCANS 6 PEL.NO.= Qa8 VECT.NU.x  42) P/V= 2. 4690993 #
SCaNa T BEL.HG.e L3146  VECT.NO.= 500 pyyu 2,62199931 v
SCAN= 10 PEL.ND.= 1912 VECT.NU 602 pive F LAkABESS 3
SCAN® 12 PEL NO.= 2241 VESTHD.= 100 Pl 3.25857367
SCAN= 15 PELJND.= £T9%  VECT.HO.= 80U P/vsa 3,49374962 ,
SCANe LB PEL.NO.e 1448 VECTWHO.w 91 plva 3.8311109%
SCAN= 27 PEL.ND.» 4157  VECT.NO.= 1303 P/ 4.1569995%9
SCAN= 25 PEL.Mlex 4749 VECT.ND.x 1100 pIVa 4.31727219
SCANS  JU  PEL.ND.= 576 VECT.NO.x 12)9 pIV= 4,00165626
SCAN® 34 PEL.NO.= 6651 VECT.ND.x 1310 pivs 5.11613372
SCANS 43 PEL.NU.® 8298 VECT.NU.x 1400 P/ 5,92T14214 .
5CAN® 4B PEL.ND.= 93Jb  VECT.NJa= 15)) pive 6,20397952
SCANm 52 PEL.NO.» 10107 VECT,.NO.« 1604 Pl 631647453 5
SCAN 56 DPEL.ND.x 10810 VECT.NU.= 1700 P/yx 8435832282 i
SCANx &2 PEL.NU.x  L2LLY  VECT«ND.= 1D P/Y= 61327776} =
SCAN= 8B PEL.HD.» 13266 VECT.NQ.= 700 r/vs a.98210526 .
SCAN= 72 PEL.MD.®  1393% VECT.HU.2 203 R/Ve 6.96947959 ;
SCAN® 75 PEL.NU.® 14672 VECT.NO.= 2139 Pive .985666573 :
SCANs 78 PEL.NO.= 15162 VECT.NU.= 2200 PsV= 6.851A1835
AAN= B0 BEL.NU.= 15646 VECT.N{l.= 2330 peve 6. 80260847
SCANR 83 PEL.AO.® 10157 VECT.hU.e 2400 e &.74074573
SCAN= 05 PEL.NO.s 18546 VECT.Nit,= 2500 prs 6.61839962
SCANe 87 PEL.NHU.®  lo983 VECT.ND.x 2600 Pl un 6.53192234
SCANs 09 PEL.NO.= L7408 VECT.ANC.® 2700 Pl 6,44764)677
SCAN= 92 PEL.NO.=  L17B97 VECT.NU.s 2400 Pl 6.39178562
SCAN® 94 PEL.WD.» L8304 VECT.Wil.® 2930 prys 6,31930949
SCAN= 97 PEL.NJ.»  LHEY3 VECT.ND,* 3000 plv= 6,29099941
SCANm 99 PEL.NO.» 19328 VECT.NO.=» 3100 p/y= b.23483049
SCAN= 131 PEL.NU.= 16794  VECT.NO.= 3232 nlye 6. 18562412
SCAN= 104 PEL.ND.» 20323 VECT.NG,+ 3300 ely= o 1504 BA4E
SCAN= 137 PEL.ND,= 20855 VECLT.Ni.s 3400 piy= 6.£33R2339
SCAN= 110 PEL.NU.=  2139) VECT.NuU.= 3500 plvs 6,11 1h2026
SCANuw L12 PELNU.x 21952 VECT.NU.= 3590 prve 6,100 16673
NO.OCCURAENCESS | HOM MANY= 1505 PERCENTS 43,4064
ND.OCCURRENCES= 2 HOn MANY= 502 TERCENT= 1641756
NOLNCCURRENCES 3 HOW MANY= 351 PERCENT=  9.7554 . i
NOLOGCURRENGES= 4 HOW MANYa 2C5 PERCENT= 5.8976 _ :
HOLOCCURRENCES® 5 HUW MANYa 122 OERCENT= 3.3908 ,
BNLOCCURAENGES® 6 HOW MANY= a7 PERCENT= Z.4L80 i
ND.GCCURRENGES= 7 HDW MANY# 17 PERGENT=  2.14D1 g
NOLGECURRENCES= A HOW HANY® 54 PERCENT= 145738
NQ.OCGURRENGESS 9 HOW MANY= 53 PERCENT= L,4730
NOLUGCURRENGES= L) HOW MANYe 42 PERCENT= [.l473 E
NOLOCCUBRENTES® L1 MW MANY= 24 PERCENT= 3.7782 i
NOJNGCURRENGES= 12 HOW PANY# 35 PERCENT=  0.9728 .
NO.OCCURRENGES= 13 HOW MANY= 33 PERCENT=  0.9172 5
NO,OGCURRENCES= L4 HOW MANY= 2R PERCENT= J.7742 '
NO.OCCURRENCES® 15 HOW wANY= 22 PERCENTZ  0.6115 :
NO.DCCURRFNCES= 16 Milk MANY= 19 PERCENT= 0.5261 :
NI OCCURRENCES= 17 HOW HANY= 19 PERCENT= D.52B3 ¢
NOUCCURRENGES™ 18 HOW MANY= 16 PERCENTs 0.4447 ;
NOLOCCURRENCES= 19 HOK MANY= L7 PERCENT=  0.4725 _ ;
HN.OCCURAENCES= 20 HOM MANY= 4 PERCENTs Q. 1112 i
NO.OCCURRENGES® 21 HOW MANY= 16 PEACENT= 08,4169 ' !
_NO-NCCURRENCES= 22 HUW MANY= 15 PERCENT= 0.4169 :
4
R . LI
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NOLCCURRENCFSe
ND. OCCUMARENCES =
NO.DCCURRENCES =
ND.OCCURRENGES=
NM« ICCURRENCES =
N OCCURAENGES
NP OCGURRENGES
NDLCGURRENCES =
ND.CCURRENCES™
NN NLCURRFNCESS
NN.OGCCUHRENCES s
NOLUGCURRENGES =
NDL.OGCURRENCES =
N1, DCOURRENCES =
NOLNCEURRFNCFS®
NI, DCCURRENGES =
NU, DCCHRARENCFS =
NUNCEURRENGESw
NN OGCURRFNGES =
NN ACCURKENCFS =
NN OCGURHFNCES
N OCCURRENCRS=
N, DLCUKRENCES »
NOLNGCURRENCES
NI OGCURRENCES
NOLNCCURRENCES =
NDLOCCURRENGES=
NN OCCUNRENGE S
NDLNCCURRENGFS 2
ND.DGCURAFNLFS =
NI NCCHRRENCES =
NOL ICCURKRENCES =
N AEGURRENCES =
NI OGCHRRENGFS =
MM, OCCURRFNCRS =
NU.NGCUPRENCES =
NDNCCURRENGES =
N AGCURRENGRS =
NN OGGURRENGES =
NOLOGCURKENCES =
HOLNGENRRENGES =

‘NN OGCURRENCES=

NOLDGLURRFNCES =
NOLICCURRFNCES
NRLACCURRENGES =
NN NCCURRENGES =
N, DGOURKRENGE S =
NN NGCGURR FNGES =
ND.OGCCURRENGES =
NOLOCCURRENCFS=
NN OGCURRENCES =
NO.NCCHPRENCES =
NN.OGCCURRENGES=
Nl DCCURKENGES =
ND.OGCGURR FNCES =
NO.DCCURRENCFS =
NN.NLCURRENCES =
N7l DCCURR ENCES R
N OLGURRENCES s
NDLCCURRENCES =
Nl OCOURRENCES=
N BCGURRENCES =
Nil. DCCURRENCES =
N0 AGCCURRENCES =

FLAPSED TiMF

HOW MANY=
HOW HMANY =
HDW MANY =
HOW HANY =
HiiW MANY=
Hiln MANY®
HOW MANY®
HOW HANYa
HOW MANY
HllW MANYa
HNW HANYw
HUW MANY=>
HOW MANY=
HOW MAWY=
HUW MANY =
HOW MANYS
HOW MANY =
HNW MANY =
HOW MANY =
HUW MANYs
HOW MANY =
HUW MANY =
HOW MANY=2
HOW MANY »
HOW MANYa
Hik MANY®
HIlW MANY s
HUWw MANY =
HIIW MANY =
HOW HANY =
HOW MAhY=
HOW HANY=
HUW MANY=
Hiw KANY=
HOW AadY=
HOW MANY =
HOW HAVY=
HOW MY =
HOW MANY =
HOk MANYE
HOW MA.dYa
HUWw MANY =
HOW HANY =
HOW MANY =
HilW MANY =
HiIW MANY =
HOW AANY=
HOW MANY =
Wil MANY=
HOW MANYS
HOW MANY =
HOW MANY=
HOW MANY=
HlW MANY=
HOW MAWY =
HOW MANY=
HOW MANY=
HOW HANY=2
HOw MaNY=
HOW MARY=
HOW MANY =
HOW MANY =
HOW MANY=
HUW MANY =

HINUTES -

o

R L N TR 0 205 S ek e e e
.
’ .

PERCENT=
PERCENT=
PERCENT=
PERCENTm
PERGENTw
PERCENT=
PERCENT=
PERCENT®
PERCLNT=
PFRCENT =
PLRCENT=
PLACENT=
PERCENTa
PERCRENT=
PERCENT=
PERCFHT=
PERCENT=
PERCENT=
NERCENT=
PFRCENT=
PLHCENT=
PERCENT=
PEHCENT=
PERCLNT=
PERCENT=
PERGENT=
PERCENT=
PCRCENTS
IFERCENT=
PLRCENT=
PERCENT=
PERCENT=
PERCFNT=2
PERGENT=
PEHCENT =
PERCENT=
PLRCENT=
PERCFNTa
PLRCENTE
PLRCENT=
PLRCENT=
PERCENT=
PLRCENT=
IPFHCENT=
PEACENT=
PERCENT=
PERCLNT=
PERCENT=
PERCENT=
PERCENT=
PFRCENT=
FERCENT=
PERCENT=
PFRCLNTR
PERCENT=
PRRCENT=
PERCENT=
PERCENT=
PERLENT=
PLRCENT®
PFRCENT=
PERCENT=
PERCENT=
PIRCENT=

i
SNl OO D W

—
D e e e e e e B e PP L e P WO L P R e PO TN R I R T W T R T W B L e O P

SECONDS = .11

v T

0. 1390
N.2223
D.t668
0.3135
0.333h
0.2779
0.0550
2.1112
Dal94t
D.1946
D.1946
0.0278
N.1370
0.24550
0.0034%
D 1390
[+ P9 ¥1-1:]
Gellld
d.lll2
0.2834
0.02T4
1. )556
Q. 1064
0.0278
JeIRTA
0.983%
0.0556
0.3278
0.1390
Q.0270
N.lb6N
. 0556
0.0%56
0.14%90
0. 0666
0.0556
0.00%
0.0556

D.0270 -

0,0554
Q.0954
J.7278
0.055%0
0.0556
3.3034
0.ub34
0. 1556
042270
a.0n3n
0. 15%6
0. 1556
0.027148
. 1550
0.7278
0.0274d
2278
0.2278
0.0278
Ga)278
0.0278
0.0278
h.)278
0.2779
0.0274

e o i — L,

e
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APPROVAL

A FAST ROUTINE FOR COMPUTING MULTIDIMENSIONAL
HI STOGRAMS

By Robert R, Jayroe, Jr.

The information in this report has been reviewed for security classi-
ficatlon. Review of any information concerning Department of Defense or

Atomlc Energy Commission programs has been made by the MSTC Security

Clasgsification Officer, This report, in Its entirety, has been determined to
be unclassified.

This document has also been reviewed and approved for technical
aceuracy.

/7

J. 'iZPOWELL r
Direétor, Data Systems Laboratory

18

- !-;f.k.

WU.S GOVERNMENT PRINTING OFFICE 1977-740-193/13¢ REGION NO, 4



	GeneralDisclaimer.pdf
	0001A01.pdf
	0001A02.pdf
	0001A02_.pdf
	0001A03.pdf
	0001A04.pdf
	0001A05.pdf
	0001A06.pdf
	0001A07.pdf
	0001A08.pdf
	0001A09.pdf
	0001A10.pdf
	0001A11.pdf
	0001A12.pdf
	0001A13.pdf
	0001B01.pdf
	0001B02.pdf
	0001B03.pdf
	0001B04.pdf
	0001B05.pdf
	0001B06.pdf

