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ABSTRACT

The purpose of this report is to describe a set of sub-
routines which are a FORTRAN IV coding of the pattern recognition
algorithm designed by Dr. James R. Townes of fhe Electrical
Engineering Department at the University of Hduston.‘ Thése
subroutines have been incorporated into the UHMFS system
which combines the capabjlities of this pattern recognition
algorithm to find "look-alikes" with the sorting capabilities
of the Oakland, Calif. Police Department's CRIME system. This
documentation is provided for law enforcement agencies who already
have a system similiar to Oakland's CRIME system and want to com-
bine the pattern recognitjon capability with it.

The algorithm is subdivided into three sections. These
sections are realized via FORTRAN subroutines, with a drive sub-~
routine to control execution of the sections. The basic ohberation
of the algorithm is discussed first, fo]]owed.by a detailed exam-

ination of each available subroutine.
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FOREWARD

This report was prepared by Kimball Sumney, a graduate student

working with Jim Townes. It describes a set of FORTRAN subroutines

which can be used to implement this version of the Townes's "look-
alike" algorithm. The coefficients in the regression equations
were determined by a jack-kniffing procedure using a data base of f
sketch artist drawings and Identi-kit composites generated earlier

in this research program. '

| Réaders who are interested in the total mug file program or

details of the pattern recognition work will need to consult other

reports. This report is for those who want to implement the algor-

ithm on the computer.

Ben T. Rhodes, Jr.
Project Director
dune, 1977
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SUMMARY

The ajgorithm requires nine facial measurements as primary
input. Figure 1 shows where the measurements are taken from the
face. Each step of the algorithm performs a transformation on
these measurements or ratios of these measurements. The meaéure-
ments can be taken from a sketch or composite representation of
a subject developed from a witness description; or from a photo-
graph of the subject. The unit of measurement used jn determining
the distances is immaterial as long as the same unft is used for
all nine measurements.

In the first step of the algorithm, the measurements, which
are Tisted in Table 1, are paired to form eight ratios. Assuming
that the measurements are ordered according to thé 1ist in Table 1,
(the order of the measurements shown in Table 1 is-the order assum-
ed by all the various components of the a]gorithm.).Tab]e 2 and
Table 3 depict the two different sets of ratios that are used by
the look-alike algorithm depending on whether the image supplied
is a sketch or a composite. Ratios formed from photographic measure-
ments aré standardized by dividing by the respective standard
deviation. Ratios formed from a sketch or composite representationfj
are not standardized. « |

The second step of the algorithm modifies the ratios génerat~
ed from a‘sketch or composite representation. Ratios formed from
photographic measurements are not processed by this phase of the
algorithm. The first operation is a sixth order linear regression
on each ratio. Theh, an eighth order multi-linear regression is

used to further modify the ratios. The value of the regiression
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coefficients differs depending on whether j sketch or composite
is used.

In the finaj step of the algorithm the Euclidean distance
between the selected ratios of the image supplied and the mug
shot 1s calculated and sorted in ascending order of similarity

(shortest distance) between the subject and the mug file photographs.
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TABLE 1: MEASUREMENTS USED

Measurement Definition of

Number

™o

o

Measurement

Internal Biocular Distance
External Biocular Distance
Nose Width
Mouth Width

Distance Across Face Measuread
Directly Under Nose

Distance Across Face Measured
Across Mouth '

Nose Length from Tip of Nose
to Midline of Eyes

Distance from Chin to Eyes

Distance from Lower Lip to Eyes
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*Not used when comparing two sets of ratios.

TABLE 3:

Ratio
Number

*Not used when comparing two sets of ratios.

SKETCH RATIQS

Measurements
Used

2/8
5/8
3/8
5/2
6/2
6/8
3/6
9/3

COMPOSITE RATIOS

Measurements
Used

8/3
9/8
5/3
6/3
2/8
2/9
3/1
1/8

e

e
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DESCRIPTION OF SUBROUTINES

As previously mentioned, each step of the aigorifhm is
realized by a FORTRAN subroutine. In this séction, the avail-
able subroutines will bevdiscussed in detail. The explanation
of each subroutine is accompanied by a listing which includes
extensive cohment statements.

The first step of the algorithm is implémented by subroutine

RATIT. This subroutine takes nine measurements as input and pairs

“them to form eight ratios according to the guides specified by

the parameters called TYPE. Table 4 lists the allowed values of
TYPE and the associated meaning. The first step of RATI] is to
check the assignments made to TYPE. If an invalid assignment is
made, ERFLG is set to one (1) and control returns to the calling
rqutine.. The second step sets up dummy arrays to hold the guijdes
and coefficients which are to be used. The ratios are then ca]-.
culated using the dummy array for guidance. (Note: The denomi-
nator measu}ement is first checked to insure that an attempt to
divide by zero (0) is not made.) Finally, if the measurements
were from a photograph, the ratios are standardized and control
is returned to the calling routine. If an error is detected by
RATIT, ERFLG is set to one (1) and control immediately returns
to the calling koutine after an error message is printed. The
results’in the event of an error are not valid.

Subroutine RATI2 provides another means of implimenting the
first of the algorithm. This subroutine uses two sets of nine
measurements as input and returns two sets of eight ratios formed

according to the value of TYPE. The operations performed by RATIZ
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are the same as the operations of RATI1, except that two sets

of measurements and ratios are involved. The first step in RATI2
Is to check the assignments made to TYPE. If an invalid assign-
ment was made, ERFLG is set to one and control returns to the
originating routine. The next step loads the dummy arrays used
during processing with the proper coefficients. After checking
the denominator measurement to insure a divide by zero is not
attempted, the ratios are calculated according to the guides in
the dummy arrays. If TYPE (2) is one or three, the ratios in
RATO1 are standardized. If TYPE (2) equals two or three;’the
ratios in RATO02 are standardized. As in RATI1, the results pro-
duced by RATIZ are not.valid in the event of an error which is
indicated by ERFLG.

The second step 6f the algorithm is realized in ALGOR. The
subroutine takes the ratios in RATIO,(see'ngufe 6 and Figure 7
for the flbwchart and listing of ALGOR) and modifies the ratios
by a set of linear and multi-linear regression equations. The
values taken on by the coefficients of the equations vary depend-
ing upon the mode of representation. Ratios produced from photo-
graphic measurements should not be modified by the regression
equations. The first step executed by ALGOR is to check the
values assigned to TYPE. If an invalid assignment was made
(TYPE (2) equal one or thfee), ERFLG is set to one and control
is returned to the originating routine. Next, the ratios are
checked to insure that they are neither equal to zero hor.negative.
The third step replaces the ratios by a new value calculated

= L Lo:*R

21 "i(o1d)

from the sixth order linear regression. ( H+

Ri(new)
2

+L3i Ri(o]d) +L7i Ri(o}d)’ wheve Lji are cqeffwc1ents of the
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TABLE 4:

Value
Location

Type (1) g

Type (2) )

Assigned

TYPE

12

Definition

Use Sketch Guides
And Coefficients

Use Composite Guides
And Coefficients

Neither Set of Ratios
Should be Standardized

The First Set of Ratios
(Ratio 1) Should Be
Standardized

The Second Set of Ratios
(Ratio 2) Should be
Standardized

Both Sets of Ratios
(Ratio 1, Ratio 2)
Should Be Standardized

TABLE 5: CG (CONTROL GROUP)

Value
Location Assigned
cG (1) )

]
ca (2) )

1
CG (3) , 2

1
CG (4) ' )

1

Definition

Do Not Use RATI1
Do Use RATI1

Do Not Use RATIZ2
Do Use RATIZ

Do Not Use ALGOR
Do Use ALGOR

Do Not Use COMP
Do Use COMP
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regression equation and i=1,2,...,8.) The final step is to

further modify the ratios by an efghth order muylti-linear
regression. (Ri(fina1)=Mi]'R1(new)+M12'R2(new)+'"+M18'R8(new)
where Mij are the coefficients of the mu]ti-]inear regression and
i=1,25;..,8). The results in the event of an error are invalid
as in RATI1 and RATI2.

The final step of the algorithm, comparison of two sets of

ratiocs,is performed by COMP. COMP takes the ratios in RATOI

and RAT02 and computes the Euclidean distance between specified
ratios according to the type of representation. A& in the other
subroutines, COMP first checks TYPE for valid assignments. If an
error exists, ERFLG is set to one and control returns to the call-
ing routine. The next action is to load the proper guides for
processing into thé dummy array, then the Squared Euclidean dis-
tance is calculated from the selected ratios. Finally, the
Euclidean distance is computed and returned to the céTTing routine
in ECLUD. As before, the results in the event of an error are
invalid.

To facilitate uysage of the subroutines, a “driver" sub-
routine is supplied with a control Togic such that the user can
use any of the routines with a single call statement. The sub-
routine, ALRIT, uses values assigned to CG as control flags in-
dicating whether or not a certain subroutine is to be used.

Table 5 shows the allowable values which may be taken by CG and
the action controlled by the variables in CG. The first action
taken by ALRIT is to check TYPE and CG for valid assignments.

If an error is found, ERFLG is set to one and control returns
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to the calling routine. Next, CG (1) is checked to see if
RATI1 should be used. ERFLG is then checked to see if an

erreo returned should be made. The next step checks C& (2) to
see if RATIZ2 should be executed, followed by a check of errors.
Step four checks CG (3) to see if ALGOR should be executed and
also checks for the occurence of an error. Finally, step five
will compute the Euclidean distance between the ratios in RATOQ]
and RAT02 if CG (4) so indicates. ALRITH does not generate any
written output and is primarily used to free the user from having
to remember the calling sequences for each subroutine., Since
the amount of storage required by ALRITH is small, its use is

highly recommended.
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RATI 1
RATI 2
ALGOR
COMP
ALRIT
SORT .

LISTINGS OF SUBROUTINES

16-18

22-25%

26-27

28-29
30
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FILE: N4760Q5QF50Q5%DUMHP TIME: 11:24:18

SUBROUTINE RATII{TYPE,MEAS,RATIOERFLS)

PURPOSE: RATI1 CALCULATES EIGHT RATIOS FROM NINE
MEASUREMENTS ACCORDING TO THE SPECIFIED
REPRESENTATION.

FORTRAN CALLING SEQUENCE:

CALL RATII(YYPE,MEASRATIOZERFLG!

EXTERNAL VARIABLES:

TYPE IS INTEGER ARRAY DIMENSIONED TWO (2). TYPE

SPECIFIES WHICH COEFFICIENTS ARE TO BE USED
AND THE REPRESENTATION FROM WHICH THE
HEASUREMENTS WERE TAKEN.

=~ MEAS IS AN INTEGER ARRAY DIMENSIONED NINE (9).

MEASY CONTAINS A SET OF MEASUREMENTS

RATIO IS A REAL ARRAY DIMENSIONED EIGHT (8).

RATO1 CONTAINS RATIOS FORMED FROM THE
MEASUREMENTS IN HEASL.

ERFLG IS AN INTEGER VARIABLE.ERFLG RETURNS AN

ERROR INDICLATOR.

INTERNAL VARIABLES:

IM IS AN INTEGER ARRAY DIMENSIONED NINE(9).

IHAGS

IMAGC

sD

sDS

s0C

b

NUMHKS

DENMS

IH HOLDS GUIDES DURING RROCESSING.

IS AN INYEGER ARRAY DIMENSTONED TWENTY~FOUR (24).
IMAGS HOLDS SKETCH GUIDES.

IS AN INTEGER ARRAY DIMENSIONED TWENTY~FOUR (24},
IMAGC HOLDS THE COMPOSITE GUIDES.

IS A REAL ARRAY DIMENSIONED EIGHT (8).
SD HOLOS THE STANDARD DEVIATION
COEFFICIENTS.

IS A REAL ARRAY DIMENSIONED EIGHT (8).
SOS HOLDS THE SKETCH COEFFICIENTS.

IS A REAL ARRAY DIMENSTIONED EIGHT (8).
SDC HOLD THE COMPOSIT COEFICIENTS,

IS AN INTEGER LOOP COUNTER.

IS AN INTEGER VARIABLE USED TO
LOCATE THE NUMERATOR MEASUREMENT.

IS AN INTEGER VARIABLE USED TO
LOCATE THE DENOMINATOR MEASUREMENT,

CALLED BY: ALRITH

16



*% RAT] %=

58
59
60
61
62
63
64
65
66
67
68
69
70
71
T2
3
T4
15
16
17
78
19
80
81
82
83
84
85
86
87
48
89
90
91
92
93
94
95
96
97
98
99
100
101
102
103
104
105
106
107
108
109
110
11
112
113
114
115

o000

00O
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FILE: 04760305Q%%QUMP TIME: 11:24:18

SUBROUTINE CALLED: NONE
INTEGER TYPE,ERFLG,DENMS
DIMENSION TYPE(2) yMEASUD) yRATIOIB) y THI2K Y ,IMAGS (24 ), IHAGC(24),
* S0U8),SDS(8),SDC(E)
SKETCH BUIDES

DATA IMAGSZ 2y Sy 34 5y by &y 3, 9y By By By 2, 24 By 6y 3,
* 1y 0y Dy Ly 1y 1y 14 17

SKETCH STANDARD DEVIATION TERMS (1/5.D.1}
OATA SDS/ 1B.7641 v 14.2058 s 294947 s 9.17068 '
* B.52845 y 13.1528 y 3D.985Y4 v 4,01649 /

COMPOSITE GUIDES

DATA IMAGC/ B, 9y 5y 6, 2y 2y 3y 1y 39 84 35 34 By 94 1y By

¥, Oy Oy 1y 1y Oy 1y Oy 1/
COMPOSITE STANDARD DEVIATION TERMS (1/Sab4)

DATA SDC/ 2.91713 s 27.1110 s 2089199 v 2489263 '

* - 18,7618 y 11.5399 ¢ 7488930 s 35,8410 /

CHECK DATA TYPE

ERROR ENTRY?

IF (TYPE(2).LT.0.0RTYPE(2)4GT+3) GO TO 12
IF (TYPE(1).EQ. 1) GO TO 4
IF {TYPE{1}.NE4O)} G0 TO 12

ALL CLEAR, SKETCH DATA

DO 2 I=i,8
IMUI)IZIHAGSLY)
IMEI+B) CIMAGS(1+8)
IM(I+16)-IHAGSTI416)
SDUIN=SDS(I) :

2 CONYINUE

SKETCH COEFFICIENTS READY, START PROCESSING
60 TO 8

COMPOSITE DATA

4 DO 6 1I=1,8

IM(I)=IMAGCLT)
IM(1+48) ZIMAGCIT+2)
IM{I+16)=IHAGC(I+16)
SDCII=SDC(I)

& CONTINUE

L

5o
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116
117
118
119
120
121
122
123
124
125
126
127
128
129
130
131
132
133
134
135
136
137
138
139
140
141
142
143
144
145
146
147
148
149
160

a0

Ooao0

OQO06n

[pEeNe]

aOon

[sBeXs]

FILE: 0476030505 »DUNMP TIME: 11:24:18

COMPOSITE COEFFICIENTS READY, START PROCESSING,
8 DO 10 I<1,8
CALCULATE RATIOS 7O BE USED BY THE ALBORITHH.

NUMKS=IH(I} ’
DENHSZIM(I+B]

CHECK FOR DIVIDE BY ZERO

IF (MEAS(DENMS).EQ.O) GO TO 12
RATIO(I)=FLOATI{MEAS (NUHKSI)Y/FLOAT[HEAS{DENHSY])
10 CONTINUE
ERFLG=0O

MEASUREMENTS FROH A PICTURE?
IF (TYPE{2).E0.D.ORTYPE(2).EQ.2) RETURN
PICTURE MEASUREMENTS STANDARDIZE

0o 11 I=i,8
RATIO(I)=RATIO(I}#SD(I}
11 CONTINUE
FINISHED, RETURN
RETURN

ERROR SECTION: BAD DATA OR ERROR ENTRY.

12 ERFLGZ)
WRITE{6,10M)

100 FORMAT(' ERROR IN RATI1, WRONG TYPE OR DIVIP BY ZERO!)
RETURN
END

18
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FILE: D476Q%0503%%DUMP TIME: 11:24:19
SUBROUTINE RATIZ(TYPE,MEAS1,MEAS2,RAT01:RATOZ,ERFLG)

PURPOSE: RATIZ2 CALCULATES TWO SETS OF EIGHT RATIOS !
FROM TWO SETS OF NINE MEASUREMENTS.

FORTRAN CALLING SEQUENCE:
CALL RATIZ(TYPE,MEASI,MEAS2,RATOL1,RAT02,ERFLG!
EXTERNAL VARIABLES:
TYPE IS INYEGER ARRAY DIMENSIONED TUO. (214 -~ YYPE
SPECIFIES WHICH COEFFICIENTS ARE TO0 BE USED
AND THE REPRESENTATION FROM YHICH THE
MEASUREMENTS WERE TAKEN.

HEASYT IS AN INTEGER ARRAY DIMENSTIONED NINE (9). Co
MEASY CONTAINS A SET OF MEASUREMENTS.

HEAS2 IS AN INTEGER ARRAY DIMENSIONED NINE (9)s
MEASZ CONTAINS A SET OF MEASUREMENTS.

RATOY IS A REAL ARRAY ODIMENSIONED EIGHT (8).
RATOl CONTAINS RATIOS FORMED FROM THE
HEASUREMENTS IN MEASL.

RAYO02 IS A REAL ARRAY DIMENSIONED EIBHT (8).
RAT02 CONTAINS RATIOS FORMED FROHM THE
MEASUREMENTS IN MEASZ,

ERFLG IS AN INTEGER VARIABLE. ERFLG RETURNS AN
ERROR INDICATOR. .

INTERNAL VARIABLES:

IM IS AN INTEGER ARRAY DIMENSIONED TWENTY~FOUR (24},
IM HOLDS GUIDES DURING PROCESSING.

IMAGS IS AN INTEGER ARRAY DIMENSIONED TWENTY-FOUR (24),
IHAGS HOLOS SKETCH GUIDES.

IMAGBC IS AN INTEGER ARRAY DIHMENSIONED TWENTY=FOUR {24).
IHAGC HOLDS THE COMPQSITE GUIDES.

SO IS A REAL ARRAY OIMENSIONED EIGHT (8},
SO HOLDS THE STANDARD DEVIATION
COEFFICIENTS.,

SDS IS A REAL ARRAY DIMENSIONED EIGHT (8}, ‘
SBS HOLOS THE SKETCH COEFFICIENTS. . .

SDC 1S A REAL ARRAY DIMENSIONED EIGHY (8.
$DC HOLD THE COMPOSIT COEFICIENTS,

1 IS- AN INTEGER LOOP COUNTER.

NUMMS IS AN INTEGER VARIABLE USED TO
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58
59
60
61
62
63
64
65
66
67
68
69
70
71
12
T3
TH
15
76
R4
78
79
80
81
82
B3
a4
85
86
87
es8
89
90
91
92
93
94
95
96
97
98
99
100
101
102
103
104
105
106
107
ins
109
110
111
112
113
11y
115

ocOoOaan

©CY )
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aoon
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(e ReNel

2EeRal

o000

~

S

E-

*

*
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%

: FILE: O47608Q0308DUNHP

LOCATE THE NUMERATOR MEASUREMENT.

DENMS IS AN INTEGER VARIABLE USED To

TIME:

LOCATE THE DENOMINATOR MLCASUREMENT.

CALLED BY: ALRITH

UBROUTINE CALLED: NONE

INTEGER TYPL,ERFLG,DENMS
DIHENSION HEASI(Q),MEAS°(93,RATOZ(B).RATOl(B),

20

11:24:19

IM(24) IHAGCI24) s INAGS(24),SD(8),5DS(B),SDC(8),TYPEL2)

SKETCH GUIDES

DATA IMAGS/ 2, 85y 3y 54 6y 6y 3y 9, 8, By 87y 24y 2y 8, b,
1y Oy Oy 19 1y 1y 1y 1/
SKEYCH STANDARD DEVIATION TERMS {17504
DATA SDS/ 18.76U1 y 14,2058 s 29,4947 y 9417068
8.52845 y 1341528 e 30.9854 y 4.01649
COMPOSITE GUIDES
DATA IHAGC/ 84 9y Gy 649 2y 24 34 1y 35 By 35 3y 84y 9y 1,
Dy Oy 1y 1, 05 Ly By 3/
COMPOSITE STANDARD DEVIATION TERMS {1/5.D¢)
DATA SDC/ 2.91713 v 27.1110 y 2489199 y 2489263
18.7618 y 11.5399 sy 1.88930 + 35.8410

CHECK DATA TYPE

ERROR ENTRY?

IF (TYPE{2).LT«0.O0R.TYPE(21,GT.3) GO T0 18
IF {TYPE{1).ED«1) GQ TO 4
IF (TYPELL)}wNE.D} GO TO 18

ALL CLEAR, SKETCH DATA
po 2 I=i.8

IMITI=IHAGS(I)

ITH(I+8) TTMABS(T48B)

THOI+16)TIHAGS(I+16)

SDA{I}=5D5(T]
CONTINUE

SKETCH COEFFICIENTS READY, START PROCESSING
GO 10 8

COMPOSITE DATA

3

8y



T4 RATZ %%

116
117
118
119
120
121
122
123
124
125
126
127
128
129
130
131
132
133
13y
135
136
137
138
139
140
141
142
143
144
145
146
147
148
149
150
151
152
153
154
155
156
157
158
159
160
161
162
163
164
165
166

FILE: D476Q05Q5GS*DUMP TIME:

8 DO 6 IZ1:+8
IMITI=THAGCLT)
IM{I+8) ZIMAGC(I+8])
IM(I+16)=THAGC(I+16)
SD(II=sSDCLI)

6 CONTINUE

s NeNel

COMPOSITE COEFRFICIENTS READY, START PROCESSING.

8 DO ip I=1,8

CALCULATE RATIOS TO0 BE USED BY THE ALGORITHM.

[aEeR e}

NUMMS=IN(I)
DENMS=IM(I+8)

CHECK FOR DIVIDE BY ZERO

(¢ N

IF (MEASI(DENMS).EQ.D.CR.HEAS2{DENMS)EQ,0) GO TO 18
RATOI(Y)=SFLOAT(HEAS I (NUMMS)) /FLOATIMEASI(DENMSY)
RATOZ(I)-FLOAT(HEASZ(NUNMS))/FLOATIMEAS2{DENMS))
10 CONTINUE
ERFLG=D

MEASUREMENTS FROM A PICTURE?

(e NeNe]

IF (TYPE{2).EQ.D0) RETURN
IF (TYPE(21.E0,2) 60 YO 14

PICTURE MEASUREMENTS STANDARDIZE

OO0

DO 12 I=1,8
BATOI1(TI=RATOL(II*SD(I)
12 CONTINUE :

MEASUREMENTS FROM A PICTURE?

(e NaNe)

IF (TYPE(2).NE.3JRETURN

PICTURE MEASUREMENTS STANDARDIZE

[ eNe)

14 po 1& I=},8
RATO2({IJ=RATO2(I)1%SD(I}
16 CONTINUE
RETURN

OO0

£RROR SECTION: BAD DATA OR ERROR ENTRY.

18 WRITE(6,1D0)

100 FORMAY(' ERROR-IN RATI2, ERROR ENTRY QR DIVIDE BY ZERO')
END

11:264319

21

b e o 1 S < s SR s 1



At ALG *¥ FILE: O47608505Q8%DUNP TIME: 11:24:19
1 SUBROUTINE ALGOR(TYPE,RATIO,ERFLG?
2 c
3 c PURPOSE: ALGOR MODIFIES THE EIGHT RATIOS WITH
4 4 A LINEAR ANL HULTI-LINEAR REGRESSION.
5 ¢
6 c FORTRAN CALLING SEQUENCE:
7 o
8 c CALL ALGORI{TYPE,RATIO,ERFLG)
9 c
10 [4 EXTERNAL VARIABLES:
11 o
12 c TYPE IS INTEGER ARRAY DIHENSIONED TWO (2). TYPE
13 [of SPECIFIES WHICH COEFFICIENTS ARE 70 RE USED
14 c AND THE REPRESENTATION FROM WHICH THE
15 C MEASUREMENTS WERE TAKEN,
16 c -
37 c RATIO IS A REAL ARRAY DIMENSIONED EIBHT (B},
18 c RATO1 CONTAINS RATIOS FORMED FROM TYHE
19 c HEASUREHENTS IN MEASL.
20 c
21 c ERFLG IS AN TNTEGER VARIABLE. ERFLG RETURNS AN
22 [ ERROR INDICATOR,
23 c. ’
24 c INTERNAL VARIABLES:
25 - L
26 c RL IS A REAL MATRIX. RL HOLDS THE
27 c LINEAR REGRESSTON COEFFICIENTS DURING
28 c PROCESSING,
29 [of
30 [o4 RLS IS A REAL MATRIX, RLS HOLDS THE
31 C SKETCH LINEAR REGRESSON COEFFICIENTS,
32 C
3 c RLC IS A REAL HMATRIX. RLC HOLDS THE
34 c . COMPOSITE LINEAR REGRESSION COEFFICIENTS.
35 c
16 c RM IS A REAL MATRIX. RM HOLDS THE MULTI-
37 c LINEAR COEFFICIENTS DURING PROCESSING.
38 [
39 c RHS IS A REAL MATRIX. RMS HOLDS THE
40 [+ SKETCH MULTI-LINEAR REGRESSION COEFFICIENTS.
41 c
42 c RMC IS A REAL MATRIX. RMC HOLDOS THE
43 c COMPOSITE MULTI-LINEAR REGRESSION COEFFICIENTS.
44 o4
45 [+ I IS AN INTEGER LOOP COUNTER.
46 C
4T c J IS5 AN INTEGER LOOP COUNTER.
48 c .
4e ¢ XS IS A REAL VARIABLE USED. AS A SCRATCH PAD. ’ ’
50 4
51 c P IS A REAL VARIABLE USED AS AN ACCUHULATOR.
52 c
. 53 c PP IS A REAL VARIABLE USED AS A SCRATCH PAD.
54 C
55 c CALLED BY: ALRITH
56 c
§7 4 SUBROUTINE CALLED: NONE



wx ALG *¥

58
59
60
61
62
62
64
65
65
67
68
69
70
71
12
73
74
75
76
7
78
79
80
81
82
83
8Y
85
86
87
83
B9
20
91
92
93
94
95
06
97
98
99
100
101
102
103
104
105
106
107
108
109
11p
111
112
113
114
115

[sNgNe]

[

C

-!f«;-«b%*é*-ﬁéa-%*&«‘

INTEGER TYPEERFLG

FILE: 0476Q03050%«DUNKP

TIME: 11:24:19

DIMENSION TYPE(2),RATIO(B),RLS(E47}, RLC(B,T),RL(8;7),
* RMC(8,8),RHS!8,8),RM(B,8)

COMPOSITE LINEAR REGRESSION COEFFICIENTS.

DATA RLC/-20.1839
47,1197
1ig.n872

-125.505
1.89041
91.6108

-2.50978
1136587

~.163229
2984352
235107
~542,203

L I AR R

254,313

~+285519E-01

+~50.8731 y 10.9042 y=T7.81214 ,
s SB.BT74 s 42,0195 y 16.3542 ¥
y 7143119 1 526522 y 28,0595 p
1y=121.663 y-119.581 y~34,94D3 1
v 244,481 1=« 570597 -15.0083 '
y 55.3313 s 146144 1 ~90s1592 '
+=03.6567 v +173184E-04%, 2450165 '
y HT.4550 y-63.8376 , 535.887 ¥
y=390.584 y~»126802E~D2, +238376 v
y T.09083 y=5.95198 1 ~899.596 '
+~391.128 y «227879E-D1,~.908174E-C1,
y=55.5274 y 1245733 y 6321,08 '
s 685,110 +~«387168E-02, <H3ITBTI2E-QZ,
y 20,9258 =24 T8HZ, y~13560.7 /

COMPOSITE MULTI-LINEAR REGRESSION COEFFICIENTS.

DATA RMC/ «522198 s ~.355838 s 319023
% +5BB6OSE~0L, .512307 ¢ «155500E~01
* «353725 » 1.08002 s «49555]
* .519868 y =+ HOBE399E~01, -, 167401
* 2934724 y 530598 s 650117
* ~ 437643 1 =e 712955 ¢~s573118
* -.334122 -.426188 y «166093
e ~.438503 , =+ 158132 1 +592683
» -1.1546Y ree220241 y=1sH7354
* -.121136 =.¥i2166 y +66B8B40
% <42859] v ATHEIT v <S2T7HY7
* 968940 s 1 22731 y «421269
* ~ 243225 ) = FEB593E~02,~.66T7482E-01
* V23298°F y H611%6 y +BHTESS
* dHINE6Y s ¢ X22980 ; 2H65913
* SI0471BE~OLy ~ 3738 79E~01,-1.07833

SKETCH LINEAR,REGRESSLQN COEFFICIENTS.

DATA RLS/. 96,8582
9.96903.
-261.618
4,.8iB4Y

237.626
-4,05233

S Ne3T.ounT
T 2,157

Sl e23
3.91200
263,503

o ~.90H%5Y
) - =3T1.7310

+956842E~D)

y 20,9830 s 17.3854
¢ 100.049 v 7489575
1144805 143 ,6896
r=362.294 - 26,7107
v 14,7346 y~ 16412886
sy 187.393 s =356 .,483
y~19.6582 sy 133.449
y=-153,555 y 6125559
Y 3 24350 Y 159,514
+~138.916 1 =7196.035
v 1§-1881 ¢=1658.64
y 78.7569 y 23U.145
§=7.00229 y 542,341
s 2.45484 v 432.705

sy «S55B774 ]
1=« B940THE~DL,
y 321378 ¥
y « 310677
«~e 156314

y - 327275

y +734818

y- 282872
r=1.423729

y +2351858

» +%411820

¥ «150658 .
¢y~ 143687
t-e 156776

) «H36512

y « 752621,

N W e e e e o w w A

y 19,9587 ?
y 3.93403 .
y= 333246 '
=2 39796 '
y 1142972 y
y 3.09746 ;
+=43.514D [
¢ +5062615 )
s 2742013 ¥
=+ 382430 ,
y 2692929 '
v -e12191Y [}
y~34B83308 ¥
y 2 39UNBEE-DY/



wF ALG #% FILE: D47605Q3505%DUHP TIME: 11:24:19
116 c SKETCH MULTI-LINEAR REGRESSION COEFFICIENTS.
117 c
118 DATA RHS/ 545320 i -« 762104 y +B60350E-01,-.868150 '
119 * ~.,630034 y~.531921 y +589636 s «205858 ’
320 * «505103 i 2004013 . 293708 + «P96755 '
121 * EY49775 s 1.75392 y=s979727 poe 453718 ¢ o,
122 % 677834 y 162433 y +682690 y=o JUBOTIE-DL,
123 % ~,116812 v «527229 s «318647 r=e297295 [
124 * ~+60D156 ¢~ 854297 1~.218802 ¢~ 29T629E-01,
125 * . «3708350-02,~-,702658 y-. 403589 sy +B39028 v
126 * 383501 .y 1.14285 y »B05981 vy +715550 y
127 * W 768625 y 1417392 y +106209 2y =«539430 *
i28 * ~s 67021 »y~1.05596 vy ~e107177 2= TT3427E-01,
iz9 %* ~,153898 y-1.01945 v +795217 y +2273Q6 v
130 * - 144675 y-s 282420 y »212254 . +203583 ¥
131 * «103255 y-+331128 y 659594 , «134D35 )
132 * JH419073 y 311782 y=«393779E-0L, .2166628 ¥
133 * «143000E-DYy 412D152 y «130118 y +689257 7
134 [
135 [ ERROR CHECKING: BAD DATA?
136 [+
137 Do 1 1=1,8
138 IF {RATIO{I}.LE.D.Q08) GO TO 2
139 1 CONTINUE )
140 6O JO 3 , ‘
141 c
142 c MISSING QR NEGATIVE DATA
143 [
146 ERFLEG=Y
147 . RETURN .
148 c o
149 [+ ERROR CHECKING: WRONG TYPE?
150 [ '
151 3 IF (TYPE(2).ED.L1.OR.T"PE(2}4EQ.3) GO TO 4
152 IF (TYPE(1).EQ.0) GO TO &
153 IF (TYPEf1l).EQ.1) GO TO 12
154 c .
155 ot ERROR ENTRY
156 Cc
157 4 WRITE(6,100) .
158 100 FORHMAT(' ERROR ENTRY: MRONG TYPE ',110)

159 ERFLG=1
160 ) RETURN
161
162
163
164
168
166 :
167 ' 6 DO g Iz=1,3

168 DO B8 J=1,7

169 RLIT 4JI=RLS (T J)
170 RMAY ,JIZRNS (144} .
an B CONTINUE

172 RM{1,8)=RMS{I,8) :

173 310 CONTINUE

INITIALIZE COEFFfCIENTS

SKETCH DATA

GO0

‘ 144 2 WRITE(6,10L}
145 101 FORMATUY BAD INPUT DATA FOR ALGOR ')
L '

)
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* ALG 4%

174
175
176
177
178
179
180
181
182
183
184
185
186
187
188
189
190
191
192
193
194
195
1958
197
198
199
200
201
202
203
204
205
206
207
208
209
210
211
212
213
214
215

loNaNe]

o600

oMo n

12

14

16

18

22

25

30

35

FILE: ON76050S034DUNMP

SKETCH COEFFICIENTS READY, START PROCESSING
GO .TO 18
COMPOSITE DATA

00 16 I-1,8
D0 14 J=1,7
RL{I,JISRLC (I, J}
RM{T ,JISRHC (T J)
CONTINUE
RM (1,8} ZRMC(I,8)
CONTINUE

COHPOSITE COEFFICIEMTS READY, START PROCESSING

LINEAR REGRESSION

Do 25 I=1:8
XSZRLII; 1)
PZRATIO(I)
Ppz=p
DO 22 J=z2.7
XSTES+RL{T, J) %PP
PPZPP%P
CONTINUE
RATIO(T)=XS
CONTINUE

HULTI-LINEAR REGRESSION

DO 35 Iz=1,8
PZRH{T,1)%RATIO(1)
D0 30 J=z,8

PEP+RHUTyJ)*RATIO(U)

CONTINUE -
RATIO(I)=R

CONTINUE

RETURN

END

TIHE;

11:24:19



>

% CQ ¥n

BRSNS I VO R

OO0 ON0O000O0NOONOODNOOONO0ONMNONO00000a0NaO00ON0N00

o000

26

FILE: Q476030808 %DUNP TIME: 11l:24:18

SUBROUTINE COHP{TYPE,RATO1,RAT0O2,ECLUD,ERFLG)

PURPOSE: COMP COMPARES TWO SETS OF EIGHT {8) RATIOS
IN RATOL AND RAT02 BY COMPUTING THE
ECLUDTAN DISTANCE BETWEEN THE RATIOS.
FORTRAN CALLING SEQUENCE:
CALL COMP{TYPE,RATOL1,RATOZ2,ECLUDERFLG)
EXTERNAL VARIABLES:
TYPE IS INTEGER ARRAY DIMENSIONED TWO (2). TYPE
SPECIFIES WHICH COEFFICIENTS ARE TO BE USED
AND THE REPRESENTATION FROM WHICH THE
HEASUREMENTS WERE TAKEN.
RATU1 IS A REAL ARRAY DIMENSIONED EIGHT (8).
RATO1 CONTAINS RATIOS FORMED FROM THE
MEASUREMENTS  IN MEASIL.
RATO0Z2 IS A REAL ARRAY DIMENSIONED EIGHT (8).
RATO2 CONTAINS RATIOS FORHMED FROM THE
MEASUREMENTAS IN MEASZ2.

ECLUD IS A REAL VARIABLE. ECLUD RETURNS THE
ECLIUDIAND DISTANCE BETWEEN RATOLl AND RATOZ.

ERFLG IS AN INTEGER VARIABLE.ERFLG RETURNS AN
ERROR INDICATOR.

INTERNAL VARIABLES: |

IN Is AN INTEGER ARRAY, IM HOLDS GUIDES PURING
PROCESSING OF THE RATIOS.

IMAGS IS AN INTEGER ARRAY, TIMAGS HOLDS THE
SKETCH GUIDES.

IMAGC IS AN INTEGER ARRAY. IMAGC HOLD THE
CONMPOSITE GUIDES.

I'IS AN INTEGER LOOP COUNTER.
CALLED BY: ALRITH
SUBROUTINES CALLED: NONE

INTEGER . TYPE,ERFLG
DIMENSION RATO1{B},RATOZ2(8),TYPE(2),IMAGSI24),IMAGC (R4} IM(24)

SKETCH GUIDES.

DATA IMAGS/ 2, 5y 3, 54y 64 &y 3, 9y 8y B4 B8y 2, 2, 8y 6y 3,
* 1y Oy Oy 14 1y 14 1y 1/ .

N
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58
59
60
61
62
63
64
65
66
67
68
69
70
71
72
73
4
75
76
77
78
79
80
81
B2
83
84
€5
86
87

B89
20
91
92
93
94
95
96
97
98
79
100
101
1902
103

[2Xe]

[z N o}

a0

%

- 100

OO0 o000 leNeEel

[e RNl

o

o0

n

FILET O476Q50%08 +pDUMP TIME: 11:24:18

COMPOSITE GUIDES.

DATA IHAGC/ 8y 9y 54 6y 2y 2+ 34 1y 3, 8, 3, 3, 8, %9y 1, 8,
10, 0, 1, 1y O, 1y 0% Y/

CHECK FOR AN ERROR ENTRY.

IF {TYPE{1).EQ.D} GO TO 2
IF {TYPE{1),EQ.1) GO TOD 6

ERROR ENTRY.

WRITE(6,100)

FORMATL® COMP : WRONG TYPEY)
ERFLG=1

RETURN

ENTRY OK, LOAD SKETCH COEFFICIENTS.
00 § I=1,24
IMI)SIMAGS(I)
CONTINUE
SKETCH COEFFICIENTS READY, START PROCESSINGs
60 TO 8 '
ENTRY OK, LOAD COMPOSITE GUIDES.
DO 7 IS1,24
IH(TISTHAGCAT)
CONTINUE
COMPOSITE COEFFICIENTS READY; START PROCESSING.

ECLUDZ0.0
D010 I=:,8

COMPARISONS ARE MADE USING PRE~DETERMINED GUIDES.

IF (IMt1+161).E0.0) GO TO 10
ECLUDZECLUD+(RATOL(I}Y-RATOZ2( 1)) *%2
CONTINUE
ECLUD=SORT{ECLUD)
RETURN
END

27
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56

57

000000000 0OODOND OO0 O000A0DNO0

FILE: D476030503*DUNP TIHE: 11:24:16
SUBROUTINE }LRIT(TYPE,CG,HEKSI,HEAEZ.RAle,RATOZvECLUD.ERFLG)
PURPOSE: ALRIT PROVIDES A CONTROL STUCTURE FROM WHICH
TO EXECUTE DIFFERENY MODULES OF THE LOOR ALIKE
ALGORITHHM.
FORTRAN CALLLNG SEQUENCE:

CALL ALRIT{TYPE ,CG,MEAS1,MEAS2,RATO1,RATO2,ECLUD+ERFLG)

EXTERNAL VARIABLES:

TYPE IS 'INTEGER ARRAY DIMENSIONED TWO (2), TYPE
SPECIFIES WHICH COEFFICIENTS ARE TO BE USED
AND THE REPRESENTATION FROM WHICH THE
MEASUREMENTS WERE TAKEN.

€6 IS AN INTEGER ARRAY DIMENSIONED FOUR {4)« CG
CONTAINS CONTROL FLAGS FOR SPECIFYING WHICH
*HODULES ARE TO BE USED. it . -

MEAS1 IS AN INTEGER ARRAY DIMENSIONED NINE (914 -
MEAS] CONTAINS A SET OF MEASUREMENTS.

MEAS2 IS AN INTEGER ARRAY DIMENSIONED NINE (9).
MEAS2 CONTAINS A SET OF MEASUREMENTS«

RATO1 IS A REAL ARRAY DIMENSIONED EIGHT (87,
RATO1 CONTAINS RATIOS FORMED FROM THE
v MEASUREMENTS IN HEAS1.™ oo :
RATO02 IS A REAL ARRAY DIMENSIONED EIGHT (8).
RATO02 CONTAINS RATIOS FORMED FROM THE
MEASUREMENTAS "IN MEASZ.

ECLUD IS A REAL VARIABLE. ECLUD RETURNS THE .
ECLUDIAND OISTANCE BETWEEN RATOl AND RATOZ.

ERFLG IS AN INTEGER VARIABLE. ERFLG RETURNS AN
ERROR INDICATOR.

INTERNAL VARIABLES: 4
CKSUM IS AN INTEGER SCRATCH STORAGE.
CALLED BY: N/A

SUBROUTINES CALLED:

1) RATI:
2) RATIZ2
3)  ALGOR
4y  COHP

28
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58
59
60
61
62
63
64
65
66
67
48
69
70
71
72
73
74
15
76
17
78
79
8a
81
82
a3
BY
85
86
87
B8
89
90
91
92
93
94
95
96
9T
98
99
160
101
102
103
104
105
106

ao0n

OO OO0 000 onn [eX=N2] nan [a¥ 2Nl [+ XeNe

DO

29

FILE: O47605Q505%DUMP TIME: Y1:24:16

INTEGER TYPE ,CGyERFLG ;CKSUM
DIMENSION CG(4) ,MEASLI(9),MEAS2(9),RATOLIET,RATO2(8)TYPE(2)

ASSUHE ERRQR ENTRY AND CHECK ASSUHPTYION
ERFLGZ1
CHSUMZCO{11#8+CH(2) %4+ L6 31522054
IF {CKSUK.EO.0.OR.CKSUM.GE.12) RETURN
IF (TYPE(1)sLT+0,0RTYPE{1)}.6T.1) RETURN
IF (TYPE(Z1.LT:0:0RTYPE(2}e6T w3} RETURN
IF (CGL3Y.E0.1.AND.TYPE{2Y.E£0.1) RETURN
IF (CGI3)1.E0.1.AND.TYPE(2)-EQ.3) RETURN
CONTROL GROUP INPUT 0K, PROCEED
ERFLG=D ,
FORM ONLY ONE RATIO SET? ; S
IF {CGU1).EQ.1) CALL RATIL(TYPE,MEAS1,RATOL,ERFLG}
ERROR RETURN FROH RATI1?
IF (ERFLG.EO.1) RETURN
NO ERROR, FORM TWO RATIO SETS?
IF (CG(2).EQ.1) CALL RATI2(TYPE,MEAS1,HEAS2,RATO1,RATO2,ERFLG)
ERROR RETURN FROM RATIZ?
IF {ERFLG.EQ.1) RETURN -
USE ALGORITHM ON RATO17?
IF (CG{3),EQ.1) CALL ALGOR(TYPE,RATO1,ERFLG)
ERROR RETURN FROM ALGOR?
IF {ERFLG.ED.1) RETURN -
COMPARE THE TWO SETS OF RATIOS?
IF (CG(4).EQ.1) CALL COMP!TYPE,RATO1,RATO2,ECLUD,ERFLG)
FINISHED, EVEN IF AN ERROR OCCURRED

RETURN
END

Ve
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20
30

FILE: 0476035030%5%DUNP

SUBROUTINE SORT(NUM,;1D,DIST)
DINENSION 1D(700,21,DIST(700)
NZNUH
NUMIZNUN=1
IF (DIST(N=1J.LT:DISTI(N)) GO TO 30
N3=N=1 .
D0 20 I=N1,NUM3
IF (OISTIII.LTDIST(I+1)} 6O TO 30
T=DIST(1)
DISTITIZDIST(I+])
DIST(I+11=T
DO 10 K=1,2
JEID (T K
ID(T,K)ZID(I+1,K)
IDLI+1,K}=y
CONTINUE
CONTINUE
N=N-1
IF (N.NE.1) 60 TO 5
RETURN
END

TIME:

11:24:17

30
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