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l. SCOPE

This document constitutes an "As-Built" Design Specification for

the software conversion of the Patterson-Pitt-Thadani Minimum

Loss Trainer and Classifier. This program has been implemented

on the Purdue-LARS 370/148 computer system as a stand-alone

o classifier. It was converted from the UNIVAC EXEC 2 system at
NASA/JSC.

In addition to the conversion, several enhancements were built %
into the program. These include the following: j

® Both 'interactive and batch versions are available.

e All floating point computations are done in double precision
for increased accuracy.

e Some inputs have default values provided.

® Program organization has been improved.
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2. APPLICABLE DOCUMENTS

Patterson, J. D.; Pitt, J. M.; and Womack, B. F.: A
Sequentialization of the Patterson Clasgifier. IEE, vol. 54,
Dec¢. 1966, pp. 1987-1988.

Aizerman, M. A.; Braverman, E. M.; and Rozonoer, L. I.: The
Probability Problem of Pattern Recognition Learning and the
Method of Potential Functions. Automation and Remote Control,
vol. 25, Mar. 1965, pp. 1175-1190,

Blaydon, C. C.; et al.: Recursive Algorithms for Pattern
Classification. Technical Report 520, Division of Engineering
and Applied Physics, Harvard University (Cambridge, Mass.),
Mar. 1967.

Wagner, J. J.; Pitt, J. M.; and Womach, B. F,: A Comparison
Between Pattern Classification Approaches. IEEE Trans. on
Information Theoiy, Oct. 1967.

Nilsson, Nils J.: Learning Machines. McGraw-Hill, 1965, pp.

A Non paramectric Loss-Optimal Pattern Classification System,
February 1978, Job Order 73-743, LEC-11451, Contract
NAS 9-15200.

TIRF 77-0073 Minimum-Loss Classifier February 2, 1978.
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3. SYSTEM DESCRIPTION

3.1 HARDWARE DESCRIPTION

N/A

3.2 SOFTWARE DESCRIPTION

In general, this system is composed of two principal programs.
The function of the first program (MPPTA or MPPTAI) ip to compute
a loss vector matrix using the input data. The second program
(MPPTC oxr MPPTCI) uses the loss vector matrix computed by the
first and input data to classify the input data into one of

two classes.,

The structure of both programs is: A driver, an input subroutipe
and a computational subroutine. There are separate drivers for
the batch and interactive versions of the program, as well as
separate input routines, but the computational subroutine is

used by both versions.

All floating point calculations have been made to be double
precision, thus increasing accuracy.
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3.2,1 SOFTWARE COMPONENT NO.l (MPPTA)

The program MPPTA is the main driver program for the batch version
of the first processor. This processor writes a loss vector
matrix out to unit no. 7, to be used by the second processor.

. 3.2.1.1 Linkages

The program MPPTA calls subroutines SPPTA, PPTA, CLOCK, GETIME,
GTDATE, and IDNAME. The subroutine PPTA in turn calls READIT,
NP, and PHI, The subre¢.tines CLOCK, GETIME, GTDATE, and

IDNAME are "system subroutines” and descriptive by name.

3.2.1.2 Interfaces

MPPTA interfaces with other routines through calling sequences,
and common blogks UN and FV. The common blocks are initialized
in PPTBLK.

3.2.1.3 Inputs

All input to MPPTA comes from subroutines called by it.

3.2.1.4 Outputs

Output to the printout from MPPTA are: date, time, user name,
user I.D., and C.P.U. time.

3.2.1.5 Storage

Program size = 398694,

3.2.1.6 Description

The program MPPTA is the first of two processors used in
sequence to classify input data using the Patterson-Pitt-Thadani

. algorithm for minimum loss classification, MPPTA writes a loss '
vector matrix to a disk data set to be used by the second
. processor.

3.2.1.7 Flowchart

N/A

3.2.1.8 Listing
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C ITHIS relGRAP USFS UNITS PONIT AMD WUMNIT FOR SCRATCH #ORNe MPRPOCDY0
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3.2.,2 SOFTWARE COMPONENT NO, 2 (SPPTA)

Subroutine SPPTA reads the input cards and sets option switches
for the first processor.

3.2.2.1 Linkages

SPPTA is called by the program MPPTA and uses data initialized
in PPTBLK.

3.2.2.2 Interfaces

SPPTA interfaces with MPPTA through a calling sequence and
interfaces with MPPTA and PPTBLK through common blocks UN, PF,
and FV.

3.2.2.3 Inputs
Calling sequence: Subr. SPPTA(D,T,ISGZ,NT,E,C,INDEX,NL1,N2)

Parameter Dimension In/Out Description
D 1 Out No. of channels
T 1 Out No. of classes
ISGZ 1 Out No. of small grain pixels
NT 1 Out Total no. of samples
E 1 Out Error Tolerance
C (10,10) Out Cost Matrix

INDEX 1 Out ~ Index which determines
' the feature whose inter-
actions with other features
are to be ignored.

N1 1 out A number that determines
' certain array sizes
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Parameter Dimension In/Out
N2 : 1 Out

Common Blocks:

See PPTBLK for information about the

Input cards (unit NRDR]):

Variables Format
1. PFLAG 15
2, DT,I8GZ ,NT 415
3. E F10.7
4. ((C(1,J),J=1,T)  10F5.2
I=1,T)
5. INDEX IS5
6. IDEFR Al
7. (use if IDEF=N) 15
NDATA
) 8. (use if IDEF=N) 2074
(IFMT(I) ,I=1,20)
9. IDEF Al
3~5

Description

A number that determines
certain array sizes

common blocks.

Function

0~ for short printout
1- for printout

D~ no. of channels

T- no. of classes (at
present T=2)

ISGZ~ no. of small grain
pixels

NT~ Total no. of samples

Error tolerance
The cost matrix
Interaction index

Y- use default data vector
input format
N- input an input format

Number of data points per
pixel

Input format

Y~ use default feature index
vector
N- input a feature index vecti
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Variables Format Penetion
10, (ﬁse if IDEF=N) 30I2 the feature index vector.

(FEATVC(I),
Ix=] 'D)

3.2.2.4 Outputs
Input information is printed out.

3.2.2.5 Storage

Program size = 2694,

3.2.2.6 Description

SPPTA is the input svbroutine for all except the pixel data.

If default options are not used this subroutine inputs the format

for the pixel da“a and the feature index vector.

3.2.2.7 Flowchart

N/A

3.2.2.8 Listing
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3.2.3 SOFTWARE COMPONENT ¥O. 3 (PPTA)

Subroutine PPTA is the main computational subroutine of the first
processor. Input from SPPTA «r SPPTAI is passed to PPTA, PPTA
with the aid of other subroutines calculates the loss vector matrix
and writes it out to unit WUNIT,

3.2.3.1 Linkages

Subroutine PPTA is called by MPPTA oxr MPPTAI and is passed infor-
mation from SPPTA or SPPTAI, PPTA calls subroutines READIT, PHI,
and NP.

3.2.3.2 'Epterfaces

PPTA interfaces with other routines through a calling sequence
and common blocks UN and PF.

3.2.3.3 Inputs

Calling sequence:

Subr. PPTA(D,T,ISGZ,NT,N1,N2,PNI,P,Q,R,S,A,E,INDEX,C, X)

Parameter Dimension In/Out ﬁescription

D 1 In No. of channels

T 1 In No. of classes

ISGZ 1 In No. of small grain pixels
NT 1 In Total no. of samples

N1 1 In Dimension for some arrays
N2 1 In Dimension for some arrays
PNI N2 In PN inverse

P N1 In Phi function vector

Q (N1,T) In Class phi sum matrix

3-9
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Parametér Dimension In/Out Description

R N1 In PNI*p

S (N1,T) In Working storage

A (N1,T) out The loss vector matrix
E 1 In Error Tolerance

INDEX 1 In Interaction index,

C (10,210) In Cost matrix.

X 5 In The feature vector,

Common Blocks:

See PPTBLK for information about the common blocks.

3.2.3.4 Outputs

The loss vector matrix is printed out and written to uni. TNIT.
Optional information is printed out if PFLAG=1.

3.2.3.5 Storage

Program size = 6184.

3.2.3.6 Description

PPTA uses the input of SPPTA or SPPTAI and READIT as principle
input to compute the loss vector matrix and write it to unit
WUNIT.

3.2.3.7 Flowchart
N/A

3.2.3.8 Listing
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FORTRAN IV ¢ LEVEL 21 PPTA DATE = 78103 10/57710 PAGE 0001
FILE PPTA

C ANAPTED RY C_w_ARLEWNS : PPICODL0
€ TrF FATTERSGN=PITT=-THLDANT ALGORITHM, PPIOC020
C T=IS PROGRAM USES UNITS ZINIT AND wUNIT_FOR SCRATCH WORK, PRPT00830
€C Tht FINAL LUSS VECTOR MATRIX A IS OUTPUT TO UNIT  WUNIT. PPI0C040
C TFAINING . PPI00050
C PN} ooaaPHI FUNCT!OU V‘CTGQ. PPT00060
C Q{N1eT)eeeeCLASS PHI SUM MATRIX. PPTIG007C
C RIN1)...oPN INVERSE @ PHI FUNCTION VECTOR. PPT0O0UBO
€ PNI(N2]....PN INVERSE MATRIX PPI0C0G0
2801 SUSHOUT IKE PPTA(D,TyISG?cNToP-l'NCOPNI’PQOQR'S,IOE’ PPTI00100
# INDFXaLeX} - PPIG0110
9062 INTEGER DeToCAT«RUNITWUNIT PPT00120
0cn3 CmmDN JUN/NRDR] 9 NRDR2eNPHT sRUNTT s WUNIT PPT00130
000a INTEGER FPFLAG PPT00140
6305 COMMON /Er JPFLAG PPT00150
1904 DOUSLE PRECTISTON PNTIN2) P (H1)eQIN1aT) sRIN1) 9S(N1eT) PPTOD160
ano? COURLE o CISTUN A(NYeT) sALPRASTHACE PPTO0170
accA OLALE PRECISIGN C(10910)sX{D) PPT30180
eno% 1CUT=wUnNIT PPTCCIS0
c wEITE [9PRTeG9G) DaTeISHZaNToRUNITSWUNIToNI9N2sE« INDEXC PPI0C200.
9619 9°9 FARYAT(//92X43151F10.7+15510(/410F5:2)) 2P700210
C INITIALTFF PylePeGeRea FPYI00220
1511 3D 3 I=leN? PPT00230
082 Pl {1i23=0.GD0 #PY100240
5513 3 COVTIrnE PPIC0250
ffie 5O 4 I=]eix) PPT00260
gnis 00 & J=1.7 PPIGO270
016 _ G(I+J)=5.000 PPICH2BD
17 2{T+J1=0.500 FPT00290
GG 14 S{l+J}=0.0560 PPT(2300
n51a & CUNTInMUE PPT00310
Goen L0 5 i=leN] . PPICO0320
£ PLIis0e100 FPI00330
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3.2.4 SOFTWARE COMPONENT NO. 4 (READIT)

Subroutine READIT reads in a vector of data about a pixel, using
the input formac IFMT, and stores it in the feature vector

using the feature index wvector.

3.2.4.1 Linkages
READIT is called by PPTA and PPTC.

3.2.4,.2 Interfaces

READIT interfaces withk PPTA and PPTC through a calling sequence

and PPTBLK through the common blocks UN, PF, and FV.

reads data from unit NRDR2.

3.2.4.3 Inputs

Calling sequence:

Subr. READIT (X,ND)

Parameter
X ND Out
ND 1 In

Common blocks:

COMMON/FV/FEATVC (30, IFMT (20) ,NDATA

3~15

Dimension In/Out

R e TP 3 i

Description

READIT

.The feature vector

The number of channels

g

y
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Parameter Dimension In/Out Description

FEATVC 30 In The feature index vector

IFMT 2 In The data input format

NDATA 1 In Number of data points
per pixel

See PPTBLK for information on the other common blocks.

Input cards (unit NRDRZ):

Variables Format Function
(XX(I),I=1,ND) IFMT Input data for a pixel.

3.2.4.4 OQutputs
If PFLAG=1 then the vector XX is printed out.

3.2.4.5 Storage

Program size=888.

3.2.4.6 Description

READIT reads in a vector of data (length NDATA) about a pixel
using the input format IFMT and stores it in the feature vector
using the feature index vector as a set of pointers.

3.2.4.7 Flowchart

N/A

3.2.4.8 Listing
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3.2.5 SOFTWARE COMPONENT NO. 5 (PHI)

Subroutine PHI computes the quadratic function vector.

3.2.5.1 Linkages
PHI is called by subroutines PPTA and PPTC.

3.2.5.2 Interfaces

PHI interfaces with other routines through a calling sequence.

3.2.5.3 Inputs

Calling’ sequence

Subr. PHI(X,P,D,NP,Z)

Parameter Dimension In,/Out Description

X D In The feature vector.

P NP out The phi function vector.
D 1 In Number of channels.

NP 1 In Number of terms in the

phi vector (N1).

VA 1 In The interaction index.

3.2.5.4 Outputs
N/A

3.2.5.5 Storage

Program size=824.

3.2.5.6 Description

PHI computes the quadratic function vector. This vector consists
of squared terms, cross product terms, first order terms, and one.

3-18
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Cross product terms for the 2Z2th feuture are set to zero., If Z
is zero all terms are used.

3.2.5.7 Flowchart
N/A

3.2.5.8 Listings
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3.2.6 SOFTWARE COMPONENT NO. 6 (NP)

Function NP determines the pointer NP to an upper triangular
array.,

3.2.6.]1 Linkages |
The function NP is called by the subroutine PPTA. |

3.2.6,2 Interfaces

NP interfaces with PPTA through a calling sequence and as a
function subprogram.

3.2,6.3 Inputs
Calling sequence

Function. NP(I,J,M)

Parameter Dimension In/Out Description

I 1 In First rectangular
coordinate

J 1 In Second rectangular
couvrdinate

M 1 In The size of the PN matrix
is M by M.

3.2.6.4 Outputs
N/A

3.2.6.5 Storage

Program size=514.
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3.2.6.6 Description

Function NP determines the pointer NP (the function value) to an
upper triangular array using the rectangular coordinates I and J.

3.2,6.7 Flowchart
N/A

3.2.6.8 Listings
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3.2,7 SOFTWARE COMPONENT NO. 7 (PPTBLK)

PPTBLK is a block data subprogram. It is used to initialize
several variables.

3.2.7.1 Linkages
N/A

3.2.7.2 Interfaces

PPTBLK interfaces with almost all the subprograms in this system
through the common blocks FV, UN, and TUN.

3.2.7.3 Inputs
N/A

3.2.7.4 Outputs
N/A

3.2.7.5 Storage

Storage = E4l6 bytes.

3.2.7.6 Description

PPTBLK is a block data subprogram which initializes the common
blocks FV, UN, and TUN.

Common blocks:

COMMON/FV/FEATVC (30) , IFMT (20) ,NDATA

Parameter Dimension Description

FEATVC 30 The feature index vector.

IFMT 20 The input format for the input data

(see READIT)
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Parameter Dimension Description

NDATA 1 The number of data points per pixel.

The common block UN stores some of the various unit numbers as
follows:

NRDR1 - Card reader for the setup cards or the terminal

NRDR2 - Card reader for the pixel data.

NPRT =~ Line printer (or output) unit number.

RUNIT - Utility data set unit number.

WUNIT - 'Utility data set unit number. (The loss vector is

written to this unit)

The common block TUN stores only the terminal output unit
number.,

3.2.7.7 Plowchart

N/A

3.2.7.8 Listings
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3.2.8 SOFTWARE COMPONENT NO. 8 (MPPTAI)

Program MPPTAI is the interactive version of MPPTA.
difference is MPPTAI calls SPPTAI instead of SPPTA.
detail see SOFTWARE COMPONENT NO, 1.

3.2.8.1 Listings
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For more
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3.2.9 SOFTWARE COMPONENT NO. 9 (SPPTAI)

Subroutine SPPTAI is an interactive version of SPPTA., It prompts
the user to input set up information.

3.2.9.1 Linkages

SPPTAI is called by the program MPPTAI and uses data initialized
in PPTBLK.

3.2.9.2 Interfaces

SPPTAI interfaces with MPPTAI through a calling sequence and
interfaces with MPPTAI and PPTBLK through common blocks UN, PF,
FV and TUN.

3.2.9.3 1Inputs
Calling sequence:

Subr. SPPTAI(D,T,I1SGZ,NT,E,C,INDEX,N1,N2)

Parameter Dimension In/Out Description |
D 1 Out No. of channels
T 1 Out No. of classes
I1SG2 1 Out No. of small grain pixels. %
NT 1 Out Total no. of samples. |
E 1 Out Error Tolerance
C (10,10) Out Cost matrix

- INDEX 1 Out Index which determines

the feature whose inter-
actions with other features
are to be ignored.

N1 1 Out A number that determines
certain array sizes.
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Parameter Dimension In/Out Description
N2 1 Out A number that determines

certain array sizes.

Common blocks:

See PPTBLK for information about the common blocks.

Input variables::

The user is proﬁpted to input the setup variables from the
terminal.

3.2.9.4 Outputs

Input information is printed out and sent to the terminal.

3.2.9.5 Storage

Program size=4404.

3.2.9.6 Description

SPPTAI is the interactive input subroutine for all except the
pixel data. If default options are not used this subroutine
inputs the format for the pixel data and the feature index
vector. A long or short printout is an option.

3.2.9.7 Flowchart

3.2.9.8 Listing
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3.2.10 SOFTWARE COMPONENT NO. 10 (MPPTC)

The program MPPTC is the main driver program for the batch
version of the second processor. This processor uses the loss
vector matrix (made by the first processor) and the pixel data
to compute the minimum loss clasification.

3.2.10.1 Linkages

The program MPPTC calls subroutines SPPTC PPTC, CLOSK GETIME,
GTDATE, and IDNAME. The subroutine PPTC in turn calls READIT
and PHI., The subroutines CLOCK, GETIME, GTDATE, and IDNAME
are “"system subroutines" and descriptive by name.

3,2.10.2 Interfaces

MPPTC interfaces with other routines through calling sequences,
and common blocks UM and FV. The common blocks are initialized
in PPTBLK.

3.2.10.3 Inputs

All input to MPPTC comes from subroutines called by it.

3.2.10.4 Outputs

Output to the printout from MPPTC are the date, time, user name,
user I.D., and C.P.U. time.

3.2.10.5 Storage

Program size=27550.

3.2.10.6 Description

The program MPPTC is the second of two processors used in sequence
to classify the input data using the Patterson~Pitt-Thadani
algorithm for minimum loss classification. MPPTC classifies the
data using the loss vector matrix computed 'by the first processor.
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3.2.10.7

3.2.10.8

Flowchart

N/A

Listing
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3.2.11 SOFTWARE COMPONENT NO. 11 (SPPTC)

Subroutine SPPTC reads the input cards and sets option switches
for the first processor.

3.2.11.1 Linkages

SPPTC is called by the program MPPTC and uses data initialized
in PPTBLK.

3.2.11.2 Interfaces

SPPTC interfaces with MPPTA through a calling sequence and
interfaces with MPPTC and PPTBLK through common blocks UN, PF,
and FV.

3.2.11.3 1Inputs
Calling sequence:

Subr. SPPTC(UNIT,M,D,T,ISGZ,NT,INDEX,NP)

Parameter Dimension In/Out Description
UNIT 1 Out Unit number for the loss

vector matrix data set

M 1 Out Pirst dimensjon of the loss

vector matrix

D 1 Out Number of channels

T 1 Out Number of classes

ISGZ 1 Out - Number of small grain pixels
NT 1 Oui: . Total number of pixels

INDEX 1 Out Interaction index

N1 1 Out Array size used in PPTC

NP 1 Out Same as NT

3~36
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Common blocks:

See PPTBLK for information about the common blocks.

Input cards (unit NRDR1):

Variables Format

1. PFLAG I5

2. ISGZ ,NT 2I5

3. TNDEX IS

4. IDEF Al

5. (use if IDEF=N) I5
NDATA

6. (use if IDEF=N) 20AA

(IFMT(I) ,1=1,20)

7. IDEF Al

8. (use if IDEF=N) 3012
(FEATVC (I) ,I=1,D)

3.2.11.4 Outputs

Inpuf: information is printed out.

3~37

Function

0~ for short printout
l1- for long printout.

ISGZ- No. of small grain
pixels

NT- Total number of
pixels

Interaction index

Y- use default data
vector input format
N~ input an input format

Number of data points
per pixel

Input format

Y- use default feature
index vector

N- input a feature index
vector

The feature index vector
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3.2.11.5 Storage

Program size=2694.

3.2.11.6 Description

el

SPPTC is the input subroutine fur all except the pixel data.

If default options are not used this subroutine inputs the format

for the pixel data and the feature index vector.

3.2.11.7 Flowchart
N/A

’

3.2.11.8 Listing
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3.2.12 SOFTWARE COMPONENT NO. 12 (PPTC)

Subroutine PPTC is the main computational subroutine of the
second processor. Input from SPPTC or SPPTCI is passed to PPTC.
PPTC with the aid of other subroutines calculates the classifica-
tion losses to find the minimum loss.

3.2.12.1 Linkages

Subreoutine PPTC is called by MPPTC or MPPTCI and is passed
information from SPPTC or SPPTCI. PPTC calls subroutines READIT
and PHI.

3.2.12.2' Interfaces

PPTC interfaces with other routines through a calling sequence
and common blocks UN and PF.

3.2.12.3 Inputs
Calling sequence:

Subr. PPTC(M,D,T,ISGZ,NT,UNIT,N1,A,L,P,INDEX,X,NP)

Parameter Dimension In/Out Description
M 1 In First dimension of the loss

vector matrix

D 1 In _ Number of channels

T 1 In Number of classes

ISGZ 1 In Number of small grain pixels

NT 1 In Totai number of pixels

UNIT 1 In " Unit ﬁumber for the loss
vector matrix data set

N1l 1 ' In Array'éize for A and P

A (N1,T) In The loss vector matrix.
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Parameter Dimension In/Out Description

L ' T - The losses for each class
P N1l - The phi function vector
INDEX 1 In Interactive index

X D - The feature vector

NP 1 In Same as NT

Common blocks:

See PPTBLK for information about the common blocks.

3.2.12.4 Outputs

Classification information is printed out.

3.2.12.5 Storage

Program size=2550.

3.2.12.6 Description

PPTC takes the interproduct of a loss vector and a phi vector
to determine a class loss for a particular feature vector. The
minimum of these is used as the classification for a particualr
set of input data. '

3.2.12.7 PFlowchart

N/A

3.2.12.8 Listing
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3.2,13 SOFTWARE COMPONENT NO. 13 (MPPTCI)

Program MPPTCI is the interactive version of MPPTC. The only
difference is MPPTCI calls SPPTCI instead of SPPTC. For more
detail see SOFTWARE COMPONENT NO. 10.

3.2.14.1 Listings
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3.2.14 SOFTWARE COMPONENT NO. 14 (SPPTCI)

Subroutine SPPTCI is an interactive version of SPPTC. It
prompts the user to input set up information.

3.2.14.1 Linkages

SPPTCI is called by the program MPPITCI and uses data initialized
in PPTBLK.

3.2.14,.2 Interfaces

SPPTICI interfaces with MPPTCI through a calling sequence and
interfaces with MPPTCI and PPTBLK through common blocks UN, PF,
FV, and TUN.

3.2.14.3 Inputs
Calling sequence:

Subr. SPPTCI(UNIT,M,D,T,ISGZ,NT,INDEX, NP)

Parameter Dimension In/Out Description
UNIT 1 ‘ Out Unit number for the loss

vector matrix data set

M 1 Out First dimension of the loss
vector matrix

D 1 Out Number of channels
T 1l Out Number of classes
18G2 1 Out Number of small grain pixels
NT 1 Out . Total number of pixels
INDEX 1 Out Interaction index
N1 1 Out Array size used in PPTC
NP 1 Out Same as NT
3-47
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Common blocks:

See PPTBLK for information about the common blocks.

Input variables:

The user is prompted to input the setup variables from the
terminal.

3.2.14.4 Outputs

Input information is printed out and sent to the terminal.

3.2.14.5 Storage

Program size=3568.

3.2.14.6 Description

SPPTCI is the interactive input subroutine for all except the
pixel data. If default options are not used this subroutine
inputs the format for the pixel data and the feature index
vector. A long or short printout is an option.

3.2.14.7 Flowchart
N/A

3.2.14.8 Listings
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4. OPERATION

This program has been implemented on the Purdue~LARS 370/148
Computer and runs under CMS370/VM/370. It is callable from
dial-up remote terminals or from the directly connected terminals
in the LARS terminal area in JSC Bkldg 17. TFor information
regarding sign-on, please contact personnel in one of the
following:

1. LEC Scientific Appliecations Section.

2. LEC Techniques Development Section.
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