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AGENDA

Western Region Summer Meeting of Common
Denver Hilton Hotel, Denver, Colorado

July 6, T, 8, 1966

Wednesday, July 6

General 1130 Session

9:00 a.m.

9:45 a.m.
11:15 a.m.

1:30 p.m.

3:30 p.m.

4:00 p.m.

Parallel 1130 Sessions

11:15 a.m.

1:30 p.m.

Evening Session
T:00 p.m.

T:30 p.m.

Genersal Session
9:00 a.m.

10:30 a.m.

Welcome

IBM Announcements
1130 Monitor System
1130 Programming Techniques

Program for Optical Systems
Design

1130 Project Control Systems

1130 General Discussion Users
Panel

Graphic Report Generator

1130 STRESS ~ Structural
Engineering System Solver

New Users Session

Sound off Session

Thursday, July 7

-iji-

1130 Scientific Subroutine
Package

Solution of the Induction Well
Logging Response Equation,
G. Copland, Halliburton




Thursday, July 7 - continued

General Session « cont.

11:00 a.nm.

11:50 a.m.

1:30 p.m.

2:00 p.m.

2:20 p.nm.

3:30 p.m.

Parallel Session

Education
10:30 a.m.

11:00 a.m.

11:30 a.m.

1:30 p.m.

wjiv-

The Direct and Cyclic Jacobi
Methods with Fadeeva Correction

‘Algorithm for a Real Matrix

H. Fettis - J. Caslin, Wright
Patterson AFB :

Luncheon Speaker - Ed Schwarz,
Product Administrator - 1130
System

Autospot Post Processor Development
D. Oliver, ACF Industries

Design of ME-LTV Evaporators used
in Sea Water Conversion
D. Kays, Stearns - Roger Corp.

Development of a Public Works
Engineering D.P. Center

J. Bunter, L.A. County Dept.
of Engineering

FLBSPS AND STOVE
K. Jones, Colorado Dept. of Highways

University of Mississippi
Test Scoring Progream
R. Ross, U. of Mississippi

Student Scheduling on the 1620
G. Crumley, The Citadel

Decoding and Use of the Special 1230
Marking Code on 1620
Without Column Binary
C. Stallings, Jr., U. of New Mexico

Whitman College
Regi.tration and Grading System
G. Purcsll, Whitmen Coilege




Thursday, July 7 - continued

Parallel Session -~ cont.

Education
2:00 p.m.

2:30 p.m.

3:30 p.n.

4:00 p.m.

Structural
1:45 p.m.

2:15 p.m.

3:30 p.m.

General Session

9:00 a.m.

9:30 a.m.

10:30 a.m.

Friday, July 8

- -

Whitman College Budget Forecasting
G. Purcell, Whitman College

University of Mississippi
Floating Point Subroutines
R. Ross, U. of Mississippi .

Austin College SPS - Improved
D. Musser, Austin College

Student D.P. System at

Christian Brothers College

Employing an IBM 1620

J. Wegener, Christian Brothers
College

Matrix Structural Analysis
E. Cook, Wichita State University

Design of Heavy Multi-Story
Rigid Frame Industrial

Frame Structures

V. Arndt, Stearns Roger Corp.

General Discussion
Period (Structural and Civil)

Library, Magazines and a Computer
G. Ahlborn, U. of Californis,
Berkeley ,

Accurate Solution of Systems of
Linear Equations
D. Musser, Austin College

How a Programmer Should Write a
Program for an Engineer
L. Mahoney, R. W. Beck Assoclates
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STFARNS-ROGFR CORP,
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DENVERs COLORADO 80217

Ce WILLIAM ADE

MISSISSIPPI RIVER TRANSe CORPe
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ST LOUIS MISSOURI

MRe GALE AHLBORN
UNIVERSITY OF CALIFORNIAs IeTeTeEe
1301 SOUTH 46TH STREET
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JERRY Ko AIKAWAs MoD,

UNIVERSITY OF COLORADO MEDICAL CENTER
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BRUCE A+ BURNS

Ue Se AIR FORCE

ENT AFB COLO.

COLORADO SPRINGSs COLORADO

LESTER Re BURRELL

CONSTRUCTION ESTIMATORS COMPANYs INCe
557 SOUTH SECOND WEST

SALT LAKE CITYs UTAH 84101

BOB BUTLER
IeBeMe CORP,

777 GRANT STe
DENVERs COLORADO

STEPHEN We BUTLFR

Je Me HUBER CORPORATION
PeOe BOX 831

BORGERs TEXAS 79007

RICHARD M. CARTER
Ue OF ILLINOIS

CENTER FOR THE STUDY OF MEDe. EDUCATION

901 S WOLCOTT
CHICAGOs ILLINOIS

JAMES CW CASLIN

AEROSPACE RESEARCH LABORATORIES (ARM)
WRIGHT-PATTERSON AIR FORCE BASE

OHIO 45433

Ne Re CARSON

Re We BFCK AND ASSOCIATES

800 WESTERN FEDERAL SAVINGS BUILDING
DENVERs COLORADO 80202

JERE Fe CHRISPENS

LOMA LINDA UNIVERSITY
SCIENTIFIC COMPUTATION FACILITY
LOMA LINDAs CALIFORNIA

DICK COLFMAN
AERO COMMANDER

MAX WFSTHIMER FIFLD
NORMAN» OKLAHOMA




EVFRETT L. COOK
WICHITA STATE UNIVe
WICHITAs KANSAS

GEORGE Ve COPLAND
HALLIBURTON CO.

ERD DEPT.
DUNCANs OKLA.

JOHN He CORNISH

DEPTe OF COMMERCESESSA :
UeSe WEATHER BUREAUs RIVER FORCAST CENTER
9 EAST 4TH BLLDGe ROOM 817

TULSAs OKLAHOMA

JAMES CRABTREE JRe
SUNDSTRAND AVIATION
2421 ELEVENTH STREET
ROCKFORDs ILLINOIS

Te Jeo CROTTY

[eBeMe CORPo.

618 S MICHIGAN AVENUE
CHICAGOs ILLINOIS

WARD CROWLEY
UNIVERSITY OF IDAHO
COMPUTER CENTER
MOSCOWs IDAHO

GEORGE Le CRUMLEY

THE CITADEL .
CHARLESTONs SOUTH CAROLINA 29409

Pe Re CUNNINGHAM :

Re We BECK AND ASSOCIATES

800 WESTERN FEDERAL SAVINGS BUILDING
DENVERs COLORADO 80202

JIM DAVIDSON
STEARNS-ROGER CORP.
PeOes BOX 5888

DENVERs COLORADO 80217
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JOHN Ce. DAY
[eBeMe CORPe.
3424 WILSHIRE BLVD.
LOS ANGELESs CALIFo

GEORGF Re DENISON
FATRBANKS MORSE AND CO.
LAWTON AVENUE .
BELOITs WISCONSIN

JOHN DENSEM

Ue Se COAST GUARD
1300 E STREET Ne We
WASHINGTONs De Coe

RICHARD Je DERKS

EATON YALE AND TOWNEs INCe
DYNAMATIC DIV,

3122 - 14TH AVENUE
KENOSHAs WISCONSIN

LAURENT Ce DESCHAMPS

"Ue Se COAST GUARD

1300 E STREET Ne We
WASHINGTONs De Co

ROBERT Ce DILLON
UNIVERSITY OF ARIZONA
TUCSONs ARIZONA

MRSe. WM, Ce DIMOND
TeBeMs CORP,

3800 LINDELL BLVDe
STe LOUISs MISSOURI

MARILYN Le DOIG
COLORADO STATE UNIVERSITY
FORT COLLINSs COLORADO

JOHN DUCKWORTH
IeBeMe CORP,
2605 Ee PLATTE

COLORADO SPRINGSs COLORADO




Te Je DUESTERBERG

ANDERSENs KOERWITZ AND HAWESs INC.
2701 ALCOTT STREET

SUITE 463

DENVERSs COLORADO

BILL DUNCAN
STEARNS-ROGER CORPe.
Pae BOX 5888

DENVERs COLORADO 80217

DAVID Aes DUNSMORE

OHIO RIVER VALLEY WATER SANITATION COMM
414 WALNUT STREET

CINCINNATIs OHIO 45202

NAVE DYF
IeBeMe CORP,
WHITE PLAINSs NFW YORK

MAJOR Re Be EDDINGTONs USAF

USAF = INSTITUTE OF TECHNOLOGYs DET NOs
MALMSTROMs AFB

GREAT FALLSs MONTANA

WALTER Gs ELWELL
NEBRASKA WESLEYAN UNIVe
LINCOLNs NEBRASKA 68504

Ee Ee EVANS

MARTIN COMPANY

Pe Oa 1799 MAIL NOe. A-6641
DENVFRs COLORADO

RICHARD FANSON
WHIRLPOOL CORP.
LAUNDRY ENGe DIVe
STe JOSEPHs MICHIGAN

LLOYD We FARNSWORTH
DEPARTMENT OF HIGHWAYS
STATE OF COLORADO

4201 Fo ARKANSAS AVENUF
DENVERs COLORADO 80222

X
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WILLIAM Eo Ae FENNEL
COMPUTER SERVICFS INC.
850 RICHARDS STRFET
HONOLULUs HAWATII 96813

JAMES B, FLINT

FALCON RESEARCH AND DEVELOPMENT COe
1441 OGDEN STREET

DENVERs COLORADO 80218

JOHN Pa FORD
EASTERN WASHINGTON STATE COLLEGE
CHENEYs WASHINGTON 99004

IRVINE He FORKNER
METROPOLITAN STATE COLLEGE
250 WEST 14TH AVENUE
DENVERs COLORADO 80204

GUY Ae GALLAWAY

NATIONAL CENTER FOR ATMOSe. RESEARCH
SACRAMENTO PEAK OBSERVATORY
SUNSPOTs NEW MEXICO 88349

DONALD Se GARDNER
GENERAL FOODS

555 Se RBRROADWAY
TARRYTOWNs NEW YORK

He MICHAEL GARGANO

UeSe PUBLIC HEALTH SERVICE
DIVISION OF RADIOLOGICAL HEALTH
1901 CHAPMAN AVENUE

ROCKVILLEs MARYLAND 20852

JACK De GILLUM

JACK De GILLUM AND ASSOCIATES
2049 BROADWAY

BOULDERs COLORADO

GEORGE We GLADFELTER
Se DAKOTA SCHOOL OF MINES AND TECH
RAPID CITYs Se DAKOTA 57701

[ ]
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JOHN M. GOODE
HALLIBURTON COMPANY
DUNCANs OKLAHOMA

We Ce GRAY
WAGNER FLECTRIC CORP,

11444 LACKLAND ROAD
CREVE COEURs MISSOURT 63141

WAYNE H. GRIFFIN

GREAT CANADIAN OIL SANDS LTDe.
500 ROYAL BANK BLDG.
EDMONTONs ALBERTAs CANADA

Ge We GUESCH
I. B. M. CORP.
MONTEREY AND COTTLE ROAD

SAN JOSEs CALIF,.

KENNETH Le HARBAUM

THE PROCTER AND GAMBLE COe
MIAMI VALLEY LABORATORIES
PeOe BOX 39175

CINCINNATI 39 OHIO

REGINALD Te HARLING

AIR FORCE INSTITUTE OF TECHNOLOGY
WRIGHT-PATTERSON AIR FORCE BASEs OHIO

DAVID R. HARRIS

UTAH STATE UNIVERSITY

DEPTe. OF APPLIED STATISTICS
AND COMPUTING SCIENCE

LOGANs UTAH 84321

Je Je HAYDEN

ACF INDUSTRIESs INCe ALBUQUERQUE DIV
336 WOODWARD ROAD Se Eo

ALBUQUERQUEs NEW MEXICO

He CURTIS HEACOX

UNIe. OF WISCONSIN SPACE ASTRONOMY LAB.
35 NORTH PARK STREET

MADISONs WISCONSIN
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DONALD Re HEIM

IeBeMs CORP,

1111 CONNECTICUTT AVF.
WASHINGTONs DeCo

DURWOOD HENDERSON

WEST TEXAS STATE UNIVERSITY
BOX 5525 We Te STATION,
CANYONs TEXAS

Re Ne HERRING

BEECH AIRCRAFT CORP.
Pe Oe BOX 631
BOULDERs COLORADO

DRe AeAeJe HOFFMAN

TEXAS CHRISTIAN UNIVERSITY
BOX 30030As TCU STATION
FORT WORTHs TEXAS 76129

Ee ROGER HOFFMAN

MARTIN COMPANY

Pe Oe 1795 MAIL NOs A-6641
DENVERs COLORANO

MARTHA HOLLENBECK

I.B.M. CORP.

340 MARKET STREET

SAN FRANCISCOs CALIFORNIA

JAMES We HUNTER

LOS ANGELES COUNTYs DEPT. OF COs ENGRe
108 We 2ND STREET

LOS ANGELESs CALIFORNIA

LARRY De JACKSON
COLORADO STATE UNIVERSITY:
FORT COLLINSs COLORADO

DONALD Le JOHNSON
BUTLER MFGe CO.

7400 Fo 14TH STREET
KANSAS CITYs MISSOURI
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ARLIN JAMES :
UNIVERSITY OF COLORADO MEDICAL CENTER
4200 EAST 9TH AVENUE

DENVERs COLORADO 80220

CHARLES No JOLLIFFE
Ee Ta DUPONT

PeOs BOX B89
CIRCLEVILLEs OHIO

KENNETH We JONES
DEPARTMENT OF HIGHWAYS
STATE OF COLORADO

4201 F. ARKANSAS AVE,
DENVERs COLORADO 80222

ED JURACEK
STEARNS-ROGER CORPe
P«0Oes ROX 5888

DENVERs COLORADO 80217

JOSEPH Je KALASZ
Ue Se ARMY MISSILE COMMAND
REDSTONE ARSENALs ALABAMA

Re Te KARSIAN
[eBeMe CORP,

777 GRANT STRFET
DENVFRs COLORADO

DAVF ¥ aye
STEARNS=ROGE® ORP,
PeOs BOX 5888

DENVFERs COLORADO 80217

He Be KFERR

TENNe TECH.

BOX 214 TTU
COOKEVILLEs TENNESSEE

WMe DALF KING

NATIONAL CENTER FOR ATMOSe RESEARCH
HIGH ALTITUDE OBSERVATORY

900 24TH STREET

BOULDERs COLORADO
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Ke Ae KISSLING

PANHANDLE FASTERN PIPE LINE CO.
3444 BRROADWAY

KANSAS CITYs MISSOURT

DONALD Re KLEIN

VILLANOVA UNIVERSITY COMPUTING CENTER
VILLANOVA UNIVERSITY

VILLANOVAs PENNSYLVANIA 19010

DARRFEL Fo KNAUS

INTERNATIONAL BUSINESS MACHINES
2640 CANAL

NEW ORLFANSs LOUISIANA

RAYMOND Go KNFEIP

PALO ALTO UNIFIED SCHOOL DIST.
25 CHURCHILL AVENUE

PALO ALTOs CALIF.

Le Fe KRAMER

Re We BECK AND ASSOCIATES

800 WESTERN FEDERAL SAVINGS BUILDING
DENVERs COLORADO 80202

JERYL We LAFON

UeSe ARMY ENGINEER DISTe ALBUQUERQUE
PeDe BOX 1580 ‘
ALBUQUERQUEs NEW MEXICO 87103

WALLACE We LAMOREUX

UeSe WFATHFER BURFAU

4880 MACARTHUR BLVDe NeWe
WASHINGTONs DeCoe

MARK LANDWEHR

IeBeMs CORP.
SAN JNOSFs CALIFORNIA

VICTOR Ee LATTIN
CENTRALIA COLLEGE
Pe«O« BOX 639
CENTRALIAs WASHINGTON
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JOHN F. LAUFR

COLORADO COMPUTING CORPe.
BOX 38

BOULDERSs COLORADO

GENF LFSTFR
TeReMe CNRP,
SAN JOSFs CALIF,

DAVID Le LORD
HALLIBURTON COMPANY
TECHNICAL CENTER
DUNCANs OKLAHOMA

Re Ke LOUDEN
I R M
SAN JOSFs CALTFORNIA

JENF Yo LOUIS _
LONG ISLAND LIGHTING COMPANY
175 OLD COUNTRY ROAD
HICKSVILLEs NEW YORK

Re BRUCE MACMULLIN
WESTERN SUPPLY COe
BOX 1888

TULSAs OKLAHOMA

DAVID MACURDY

FALK JORGENSEN CONSULTING ENGRSes INCe.

1240 wWoe BAYAUD AVENUF
DENVERs COLORADO

HARRY MAH

GENERAL FOODS CORP.
555 S BROADWAY
TARRYTOWNs NEW YORK

L.s Fe MAHONEY

Re We BECK AND ASSOCIATES

800 wESTERN FEDERAL SAVINGS BUILDING
DENVERs COLORADO 80202
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PAUL MANIKOWSKI
IeBeMe CORPo.

3424 WILSHIRE BLVDe
LOS ANGELESs CALIF.

RAYMOND Pe MANYIK

Use Se AIR FORCE

ENT AFB COLO.

COLORADO SPRINGSs COLORADO

Ee Le MATTHEWS

IeBeMe CORPo

MONTEREY AND COTTLE ROADS
SAN JOSFs CALIF.

CHARLES Ee MAUDLINs JRe
UNIVe OF OKLAHOMA
NORMANs OKLAHOMA

TED MCKENNA

SUNDSTRAND AVIATION - DENVER
2480 We 7O0TH AVENUE

DENVERs COLORADO

Oe Fe MFRKLINGHAUS
l1eBeMs CORP.

4843 BELA DRIVE
SAN JOSEs CALIF.

TERREL L. MIEDANER

UNIe OF WISCONSIN SPACE ASTRONOMY LABe.
35 NORTH PARK STREET

MADISONs WISCONSIN

STANLEY Re MILLER
UeSe NAVAL ORDNANCE TEST STATION
CODES 45301s 4535
CHINA LAKEs CALIFe

DARYL MONROE
MESA COLLEGE
GRAND JUNCTIONs COLORADO
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GEORGE MOORE

SUNDSTRAND AVIATION - DENVER
2480 We 70TH AVENUE

DENVERs COLORADO

RICHARD We MURRAY

MOLONEY ELECTRIC CO.

5390 BIRCHER BLVD.

STe LOUISs MISSOURI 63120

NAVIN R, MUSSFR
AUSTIN COLLEGE
SHFRMAN,s TEXAS

MARTHA MUSSER

WADLEY RESEARCH INSTITUTE
3600 GASTON AVENUE
DALLASs TEXAS

DOM MYERS

COLORADO STATF COLLEGE
RUREAU OF RESFARCH SFRVICES
GRFEELFYs COLORADO 80631

JOHN MYFRS
TEKTRONIXs INCe
PO« BOX 500
BEAVERTONs OREGON

DAVID S, NFLSON

LE TOURNEAU WESTINGHOUSE
2301 NF ADAMS STRFFET
PEORTAs ILLINOIS

VICTOR L. NOBLITT
TeBeMe CORP.

777 GRANT STREET
DENVERs COLORADO

BOYD Ce NORRIS

Ue Se BURFAU OF RECLAMATION
Pe 0Ne BOX 2511

SACRAMFNTOs CALIFORNIA
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LARRY Ge NOTHWANG
WESTERN ENGINEERING CO
1445 WILLAMETTE STREET
EUGENEs OREGON

WARREN We OSHEL

UeSe NAVAL ORDNANCE TEST STATION
CODES 45301, 4535

CHINA LAKEs CALIFe.

He Ce PFTERSON

THE NEW JERSEY ZINC COe
PALMERTONs PENNSYLVANIA

MELVIN Le PIERCF
ARLINGTON STATE COLLEGE
2ND AND COLLEGE STREET
ARLINGTONs TEXAS 76010

EDWARD PINFIELD

UNIVERSITY OF COLORADO MEDICAL CENTER
4200 EAST 9TH AVENUE

DENVERs COLORADO 80220

WILLIAM Co PIQUETTE
OTERO JUNIOR COLLEGE
18TH AND COLORADO
LA JUNTAs COLORADO

ROBERT PLANTE
WHIRLPOOL CORP.
LAUNDRY ENGe. DIV
STe JOSEPHs MICHIGAN

ALBERTA PLYM

UNIVERSITY OF COLORADO MEDICAL CENTER
4200 EAST 9TH AVENUE

DENVFRs COLORADO 80220

REVe JOSEPH Be POMEROY Se Jo
COLLEGE OF THE HOLY CROSS
WORCESTFRs MASSACHUSETTS

AX




GERALD Fo PURCELL

WHI TMAN COLLEGE

345 BOYER

WALLA WALLAs WASHINGTON

BRUCFE Be QUAYLEs SRe
MISSISSIPPI RIVER TRANSe CORP.
9900 CLAYTON ROAD

LADUF 244 MISSOURI

JOHN De RECOR

AFIT /7 SSL

WPAFB B DGe 288y AREA A
DAYTONs OHIO

JURIS REINFELDS

NASA

R-RP—Ns MARSHALL SPACE FLIGHT CENTER
HUNTSVILLFs ALABAMA 35812

DARRELL Ge REUM

FALCON RESEARCH AND DEVELOPMENT CO.
1441 OGDEN STREFT

DENVERs COLORADO 80218

THOMAS Le RITTER

ASSTe MGRe COMPUTER APPLICATIONS
COOPER BESSEMER

NORTH SANDUSKY STREET

MOUNT VERNONs OHIO

DENFR A, ROE

tJS ARMY AIR DEFFNSFE ROARD
TEST SUPPORT DIVISION
FORT RLISSs TEXAS

RICHARD Do ROSS
UNTe OF MISS.
COMPUTER CENTER
UNTVERSITYs MISS,

REDMOND SAGE
WHIRLPOOL CORP,
LAUNDRY FNGe DIV,
STe JOSEPHs MICHIGAN
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GENE SANDFFUR

SCIENCF ENGINFERING ASSOCIATES

2450 MISSION STREET

- SAN MARINOs CALIFORNTA

JAMES S, SASSER

HAWATI INSTITUTE OF GEOPHYSICS

COO UNIVERSITY OF HAWATI
2525 CORRFA ROAD
HONOLULAs HAWAIT 96822

RONALD K SAWYER

SKIDMORFEs OWINGS AND MERRILL

NOe. 1 RUSH STRFEFT
SAN FRANCISCOs CALIFORNIA

JOHN SCHAFFER
STEARNS~ROGFR CNRP.
PeNe RNX EBBR

DENVERs COLORADO 80217

BROB SCHROEDER
STEARNS=-ROGER CORPe
PeOs BOX 5888

DENVERs COLORADO 80217

FOWIN We SCHWARZ
leBeMs CORP,
WHITE PLAINSs NFW YORK

DRe SEDAT SERDENGECTI
HARVEY MUDD COLLEGE

12TH AT COLUMBIA STREETS
CLAREMONT s CALIFORNIA

JIM SHEFHAN
STEARNS~-ROGER CORP.
Pe.Ce BOX 5888

DENVERs COLORADO 80217

JON M, SHIVE
Ue Se AIR FORCE
ENT AFB COLO.

‘COLORADO SPRINGSs COLORADO
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e

Re Te SIFGFL

I R M CNRP,

112 F POST ROAD

WHITE PLAINSs NEW YORK

MRSe JUDITH Oe SILENCE
ALLISON DIVe GeMeCo

BOX 894, PLANT 8, DEPT. 8895
INDTANAPOLISs INDIANA 46206

BOR SMITH

STFARNS~ROGER CORP,
PeOe BOX 5888

DENVERs COLORADO 80217

GRFG SMTITH
I.B.M. CORP.

777 GRANT STREET
DENVERs COLORADO

NOFL SMITH |
INDIANA STATE UNIVERSITY
TERRE HAUTEs INDIANA

MRS« CAROL SNAVELY

OPTICAL COATING LABORATORYs INC.
PeOe BOX 1599

SANTA ROSAs CALIFORNIA

CHARLIFE Ce STALLINGSs JRe
UNIVERSITY OF NEW MEXICO
RESFARCH CERTERs UNI. OF NEW MEX.
ALBUQUERQUEs NEW MEXICO

LARRY Je STARK

PUBLIC SERVICE COe OF COLORADO
550 15TH STREET

ROOM 780

DENVERs COLORADO

FRANK Je STASTNY

MISSISSIPPI RIVER TRANSe CORPs
9900 CLAYTON ROAD
LADUE 249+ MISSOURI
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JOHN De STOKES
CITIFS SFRVICE OIL COe.
LAKF CHARLESs LOUISIANA

FRANK Co STOLFA
CABOT CORPORATION
PeOe BOX 1101
PAMPAs TEXAS

Ne SYLVFSTER

NOOTER CORPORATION
1400 SOUTH 3RD ST
STe LOUISs MISSOURI

RON TALLEY

FALK JORGENSEN CONSULTING ENGRSs INCe
1240 We BAYAUD AVENUF

DENVERs COLORADO

Be Ge UTLEY

ITeBeMe CORPo

MONTEREY AND COTTLE ROADS
DEPTe 5130

SAN JOSEs CALIFORNIA

FRANCIS: Je VERLINDEN

Ne Ce STATE UNIVERSITY

DEPTe OF EXPERIMENTAL STATISTICS
PeOes BOX 5457

RALEIGHs NORTH CAROLINA

Re Be VLACK

IeBeMe CORP,
LOS ANGELESs CALIFORNIA
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INDUCTION LOGGING EQUATIONS COMPUTER SOLUTION
George V. Copland

Halliburton Company
Duncan, Oklahoma

At the outset, I would like to say that this paper to be presented
does not concern itself so much with the answer solution to the induction
logging response eguation as'it does with the organization of the problem
itself. The problem is not new and, no doubt, has been set up and solved
on numerous occasions, not only by ourselves but by others in the same
field of study. About fourteen years ago, our Company rented a 604 from
IBM and some preliminary work was done. Like airplanes, the greater the '
model number, the better, faster and higher the computer, so soon we were
obliged to try a 650. The problem seemed to be more of a card handling
project than a computer solution to equations. From the results of many
months of computing, some studies were made and a logging tool was designed
and introduced in the field. This tool, in modified form, is essentially
" the type used today.

In the last several years the induction logging tool has been more
widely used and accepted. The Engineering group now had available a 1620,
20K machine with a 1622 card read punch. This computer was used to optim-
ize the design of our logging tools. Many various multi-coil systems were
investigated in this optimization program.

Halliburton Company is primarily a service company to the petroleum-
industry. We perform various services the customer may require. These in-
clude cementing, fracturing, chemical services as well as electrical log-
ging of the formations. These may be either DC .potential contact logs,
radioactive logs or induction type logs using AC currents. This paper is a
discussion of the computer programming required to design induction logging
tools. The next series of slides show the generalized form of the equation
involved.

For integration of the curve, let us examine the left position of
the curve showing this stepwise incrementation. As you can see, the error
is always positive, so the solution is to Just reduce the increment and im-
prove accuracy. Well, it helped, but not much! 8o, I tried something dif-
ferent and I'm sure it's not original, but if you calculate every other step .
and multiply by two, as shown in the right side of the graph, it works nicely.
Since we knew the answer and the accuracy desired, some idea was known as to
how far out to infinity to go before the change in the incremented value be-
‘came insignificant. This turned out to be from five to seven minutes per
value timewise.. :

Upon examination of the Response Equation, one finds the main time
consuming portion of the problem will be in the integration of the R values
and Z values. Since we were still operating with the 1620 BC 20K, it was
necessary to compute these tables and store them in card form and use manual
look-up. First of all, we needed to know what steps to do the integration
and how far we needed to carry out the calculations since we were going to
infinity. I don't know any other way to do this but to start running and




and see how well it works. I would like to recognize the mathematicians
present who have already figured out thst one can integrate the equation
directly without resorting to long drawn-out incrementation techniques.
This did give ma check and is quite direct, however, it didn't work - for
me at least - when I tried to integrate the Z equation. So, I still had
the problem of generating tables and a quick way of checking myself as I
went along. It is somewhat discouraging to know the answer to the R equa-
tion is 1.0 and take so long to prove it on a 1620.

Another problem was how to set the program up so anyone could bréak
into the problem and use the computer, since most work was to be done after-
regular hours. :

The program was arranged so the output card carried all the informa-
tion required by the problem and. could be used to input data for the next wvalue.
If, say at night, when someone wanted to use the computer, all one had to do
was stop the computation &nd clear the punch. The last output card was added
to the program deck and when one wanted to restart the problem, all that was
necessary was to reload this deck. This required reloading the program but
since it was a small deck, it required only a few minutes. In case of card
jams at night, the last card in the punch output hopper could be used to re-
start the calculation with nothing lost.

I found that the first card which I called the zero card was easily
handled by a shorter program and therefore a separate program was used to
calculate the first card which in turn started the second continued progranm.
Obviously, I did not wish to integrate any further than required in either
the R or Z direction. The answers were periodically plotted to obtain the
graph shown. You will note.at approximately R = 12, the curve has begun to-
flatten.

Most of you are probably aware of the curve fit program in the 1620
Users Group Library. This program was used to check the plot and it was found
a curve fit could have had values of from 4 to 12 and 10,000. I assumed, for
all practical purposes, the answer was 1.0 at 10,000. This worked out rather'
nicely and a hyperbolic curve was determined that gave us quite good correla-
tion in the area, especially from 8 to 12. Some values were calculated and by

.slight adjustment of the resulting constants in the hyperbolic equation, I

could match the curve to the accuracy required by the tables. These constants
were also used in the problem solution, as I will discuss a little later. The

R tables were calculated stepwise integration from 0. to 12. and by a hyperbolic
equation from 12. to 60. A set of cards was assembled covering this range and
listed on a LOT7 for tabular look-up.

The Z table calculations were handled in a similar manner as the R

. tables. As it turned out, it was easier to calculate the zero card separately.

By using this card as a starting data for a program, I started calculating Z
tables in a likewise fashion. When the computer got to Z = 1.0 it went into
the error routine. After checking the problem, progrem and equation, I found
that the equation was discontinuous at Z = 1.0. 'Since the computer was unable
to calculate this value, I simply told it what the value of R = 0.0 and Z =
1.0 was; and continued on. Since I was unable to integrate the equation in
respect to Z directly and after plotting some of the values as the calculation
progressed, I decided that the answer to the problem was .50 at infinity.
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I decided to make a 3-dimensional graph of the vertical response equation us-
ing swab sticks cut to lengths and a piece of 1/2" black plastic sheet for a
base. The equation is quickly solved when you are solving for points directly.
I wrote a program that calculated these points and found that about 20 minutes
running time was all that was required to give us the model shown. I includ-
ed the 1/2" dimension for thickness of the board and the answer so that the
sticks could be cut directly. An interesting point here was a short program
was written for our automatic drill press in the main production facility to
drill the base. In this program, it turns out it is faster on this particu-
lar machine to drill every fourth hole - back up to the beginnirg, 1ncrement
e quarter unit and drill another set of holes 4 unlts apart.

By now I had decided our accuracy adequate but I desired to reduce
the time required for calculations. By examining the three dimensional form
we obtained from the plot, I was able to estimate to some degree a better
technique to speed up the incrementation. If you will note the bulk of the
graph weight lies in the volume from R = 4,0 and Z = 2.0. One might be able
to speed up the calculations by increasing the size of the incrementation
after exceeding these limits. This was done and we saved about 25% in com-
puter time over the R table calculations in this manner. I am sorry we had

"not made an R table three-dimensional graph to begin with. As in the R tables,
'we used the curve fit program and obtained different values for the constants

in the hyperbolic equation. These were adjusted slightly and values were
calculated out to 2 = 60.0. ’

So now I have a deck of cardé for R values from OQO to 60.0 and Z
values from.0.0 to 60.0. I also listed these so they could be used in tabu~
lar look-up.

We decided to check our previous work done on induction logging tools.
I wrote a program which used the typewriter to tell me which cards were needed
to be looked-up from data storage. This amounted to values for GR and 12
values for GB. We would load these cards into the card read punch and read
them into the program. These cards were checked and interpolated to give a
little closer reference values. These solutions check nicely with our prev-
ious work and actually showed some inaccuracies in the previous work. It
turned out that it was rather tedious searching for cards, loading them in
the card read punch, processing and inserting them back into the card boxes.
The computer could calculate the problem faster than we could handle the
card look-up system.

By this time our 20K computer had become overloaded from two sources.
The time required for compiling and loading programs from cards and also our
problems were simply requiring more than 20K storage Fortranwise to solve.

. Some of our larger programs were written in SPS and even these exceeded our
. core capacity. Rather than get additional 20K on our existing computer, we

decided to get a 1620, 40K with disk drive. Along with this equipment came
the Clock, Monitor and Fortran IID.

The first problem facing us in our induction log problem was to put
our R and Z tables on disk, so we could retrieve it under program control.
As you know, the Fortran IID is a formated input program that will not accept
the free form output that we had from our Forcom routine. We therefore were
faced with taking our original free form output cards and converting them to
a format suitable for our computer. The AFIT program would allow us to use
free form input and E FORMAT output. By putting & record mark in 20,000, we
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uscd this program to convert the decks, consisting of cards from 0. to 60. for
botlx X and Z values in steps of .0l. This gave us a total of 12,000 cards

which would require 60 cylinders to store in the form used by the Record, Fetch
statements of IID. In storing data on a disk you need to store the data as a
block in some section and move it down into working storage when you run the
orotlcem.  This work would have required 120 cylinders which is in excess of the
100 cylinders available on a disk. Looking at the method, we obtained the

values of from 12. to 60. by hyperbolic curve fit. I decided to calculate the
higher values directly instead of table look-up. When I ran the multi-coil prob-
" lem I found values as high as 45 not uncommon but we rarely went over 60.

The DFINE statement is the heart of the working storage assignment. You
will recall that in the Manual, it says you can reserve up 1o a maximum of 99
work cylinders. I decided to use 32 work cylinders for working area. I had de-
finea the disk sector address of the work cylinders as sector zero. When I tried
©o load this control card, the computer gave an error 13 message, "insufficient
aveilable storage for specified work cylinder'". You will remember the DIM table
starts in Cylinder 24, I decided the work cylinder area could not be greater
than 24. If it was greater, then it would require it to jump over the DIM and
equivalence table. Whether this is true of not, I did not determine. I decided
to use 20 working cylinders for data storage and this worked nicely. A short
program was written using the Record statement which assigns the data card in
sequence in the working cylinder area and assigned a record number to this data.
By defining the work length 10 or less, it put a card per sector per record num-
ber. Also, we were told by IBM that record number 1 starts in sector 219. I
nave yet to find this statement written in the Manual a&s such. 219 from 3999
leaves us 3780 sectors for data storage and this is the number of cards we used
to load into data storage. If you note in the 1311 Manual, the time required to
execute a Write Disk statement is two seconds. Since each card is handled indi-
vidually, the 3780 cards took a little over two hours to load two boxes of data. @:D
Dollarwise, this takes $70.00 to load two boxes of cards onto disk. Kind of ex-
pensive when you think of it this way.

After loading the data cards into working cylinder areas on the disk,
I wished to move them to permanent storage area on the disk so the program
could recall them when running the problem. This is required because the
Fortran compller compiles in the first working cylinders and destroys the
first few cylinders of tables. I also found that a couple of other working
cylinders were used during this compilation. I will get to this in a minute.
You have two choices to move data from working cylinders up to permanent stor-
age under Monitor control. One is by DLOAD and the other is by DCOPY. I used
the DLOAD first to transfer this block of data up into permanent storage. I
chose to move 3780 sectors by differences in sector address. The routine
moved T80 sectors so I assumed that a maximum of 999 sectors could be moved by
DLOAD control card. In using the DCOPY control card, you can successfully move
3780 sectors and file protect. However, when you type out the Availability list
you will note that it shows this area to be open and usable“even though it has
been file protected and has data stored therein. I was careful to avoid this
area, so as not to destroy the tables and have to reload.

I had to rewrite the multi-coil program on the induction logging re-
sponse equation in Fortran IID, I decided to make this 'a generalized program
which would encompass 4, 5, 6 and 8-coil designs. Since I did not want to get
involved with the complexities of subscript notation, I defined all of my vari-
ables directly, that is, R1T1l, R1T2, etc. After compiling this program, it was (Z®
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found the program required in excess of 50,000 core positions. As shown by the
block diagram, the program was split up by making the 8-coil portion of the GB

'section a subprogram on call as this would be used the least. The data R and Z

tables were split up in two smaller groups of from O to 18.99 for R tables and
0 to 18.80 for Z tables. If the problem required values look-up greater then
either of those stored in the R and Z tables, it used the hyperbolic equation
constants previously derived to calculate these values. This master progran
was stored on Disk under the name MULTIC.

The procedure to run the problem is to do a ¥DCOPY and move the data
from permanent storage to working cylinders. UNext, do a XEQS MULTIC which calls
the program off of disk and moves it into core for execution. The input data
cards are loaded as required by the program., A 1620 Users Group program is
available called GETREC which will do this DCOPY under Fortran Program control.
At the time I wrote the MULTIC program, the GETREC program was not available.

Several things you cannot do are these: You cannot do a *DCOPY after
XEQS program because the DUP routine destroys the program. You cannot do a
FORX because in compilation, this evidently destroys an area of Cylinder 3 and
Cylinder 10. I discovered this after I couldn't use the Z tables which were
stored above Cylinder 9. If you watch the index wheel in the 1311 when com-~
piling, you will notice it goes to Cylinder 10 at least once. Sometimes the
input data would be out of range and we wished to restart the program by a
branch command on the typewriter. The program communication area starts in
position 02218. The address beginning at 02222 is the restart address of the
program. A branch using this address’ or 490226 will start the program if the
check stop light is not on. )

Information available in this area starting with 02218 is Floating
Point Word Length, Fixed Point Word Length, Starting Address of Main Line Pro-
gran, Starting Address of Common Area, Number of Words in Logical Area, Number °
of Logical Records, Word Length and Record Length.

The running time of this program for a 6-coil design was about 4 minutes.
In generation of R tables, it took approximately 250 hours computer time and
about 200 hours for the Z tables. A good average for the values that had to be
looked-up would have required about 100 hours of integration time per wvalue. For
an 8-coil design problem you would have had 16 R values and 32 Z values to look-
up. This would have been h8 values if integrated directly at 100 hours per
value, which gives us about 4800 hours for value determination. Since it only
takes about 4 minutes to run this problem by using table look-up, we effectively
have a time savings of about 72,000 to one. If I had had a T090 or equivalent
type computer, I might have gone ahead and done the proglem the long way, not
aware of the time savings avallable by table look-up technique. We not only
have a solution which is quite useable to make configuration studies, but we also
have a set of tables which can be used without the computer by an engineer to
solve this problem. ' ' '

Our computer time runs in the order of $h0;00/hr. and at épproximately
4800 hours solution the long way is some $200,000. One time through (using
the Disk Storage) costs asbout $3.00. ' ‘

We have run many hundreds of solutions to optimize this design, so you
see. the justification of this approach. ,
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THT DIRECT AND CYCLIC JACOBI METIODS WITH FADEZVA's
CORRECTION ALGORITHM FOR A REAL SYMMETRIC MATRIX

One way of formulating the eigenvoluc- elpchLctor protlem for a square
matrix A is to find & matrix T such thav

=1 AT = A | (1)

where A i~ ~ither a diazonal or "Jordan-Normal" matrix. If A is dia gcnﬂ"
t i . ¢lements are the eigenvalues and the columns of 7 the eigen-

vectors o A, If A is real-symmetric, then T is orthogonal which implies
{“, -

T 4+ = 7. In this case the existence of the disgonal form is assured, even

for mulit 1ple eigenvalues.

The Jecobi method finds the matrix T by an iterative process. The
form is realized by performing successive rotations on 2x2 sub-

of A in such a way ac to eveniually anihalate all the off-cdiagonal
z {(to within a specirfied tolerance). Two schemes for doing this are
explained later. To understand the basic transformation the corresponding
problem for a 2x2 matrix is considered. Let

211 &ai2 x
Lox= (7)) (2)
al2 az2 X2 ‘

=
1]

Consider now the quadratic Torm associated with A, namely

v 2
xAx = a.. x.2 + 2z X, X, + a,.,. X : (3)

alx), x,)

The curves Q(XI’ xz) = const represent conic sections in the-(xl, X, ) plane.

From analytic geometry, we know that there exists a rotation of axes such

that, in the new system, the x; x, term is absent. Hence, in the rotated
system the associated matrix must be in the form

% For arbltrary matrices, the diagonal form.is not always possibdle.

o




x = Q x (%)

whLere
(cosﬁ sindy p
~3ind cosd (€)

o

must be diagonal. The expression for ¢ is well known:

2817 .
tan 20 = —m————— . (9)
ay] - azz
" The above principle constitutes the basis of the classical Jacobil
rethod and its modifications. In all versions, the given matrix A is
transformed to a new matrix A; defined by
N \
/=
A} = TAT \10)
The matrix T is made up of a 2x2 submatrix of the form O, with one's on the
repaining diagonal position - and zero's elsevhere, the elements of C
ceing so chosen that some pair of corresponding off-diagonal elements of A

1 ‘ _ 1
will vanish. 'The matrix A, is again transformed in such a way as to create

zeros in another pair of off-diagonal positions. In so doing, the elements,




originally zeroed by the first transformation will zgain attoin “oﬂf4*~ ‘:@
values. However, it can oe proven that, by ze\eatcd »ppllcuuwons of such
transformations, all of the off-diagonal elewx can Le reduced to

groitrarily small numbers. Waen this point has been reached, the cipgen-

values can be read from tue diagonal ulcmenu,, and the eigenvectors Tound

by combining the successive transformations matrice to a single cornec.

Two versions of the ubove mentioned have been programmed for tac

N

&
he first, based on the classical approach suggested by Jacobi, always
3 g nG

=3

)

-n:riiﬁ“es the off-diagenal element of gre *tust magn;tuae. The :
rsion, sometimes called the cyclic method 'anihalates" the ox;—diagonax
elements in some systematic order, for exawmple:

£

12 13 in
3.23 azn N
(11)
a
n-i,n
skipping any which are less than a specified tolerance, and meking as nmany
passes as are necessary to reduce all to the reguired smallness.
(MWQ
In general, no appreciable difference in time between the two versicns ‘ '
could be detected, although in some cases the cyclic method was somewhatl
faster.
Severzl refinements are included in the present programs. Equation
(9) was replaced by the following two
gD a 1N
cos6 =\/%[1 + ] (12)
VoZ+82
o
sin6 =_|B 51 - —— ]
B Ya2+82
where )
a = (a,, - a 2
(ag; - ay,)/
: (13)
B = a,
ij




o o %
a 7 (oF1¢
~ Y R e s 5 i - - LA -
rasulied from the traeticn Lﬂdp¢ Trcreal
weire computed from the fo;’uw‘n serics
v [P .
. — ! - LR
cosd = 1 = % { +
n n 2 .21 A
i e e 30 L e e 2 B NS seee o
sinf = — (1 = = { 57 ) g o, ’
o o o %] o3

v & deviee due vo VOdecv~(Ll‘ﬁ p 4SY)wes added which improves the
aal aoproximations to the eigenvolues aad eigenvectors tTo within a hirher
Tclerance than that attained by the method itself. The c¢correction takes
the Torm

[l s¥e
oi ac
ter co

curacy
PR
[ R Crnvara

-

L)

A, Vvoa T (1
13951 o ..
j#; ii Ji
with a similer correction to the components of the computed eigenvectors.
The corrzction reguires modification if there are mulliple eigenvalues.
Als0, the zligorithm is oanly wvalid if Gis 1 ts i
compared to the lowest eigenvalue. ing S
Hilbert matrix in which there is wice io
oLl wue, a knowledge of the magait
The method has been
on the asceuracy of the rosu iy
eigenvalues with the value for wrich the cxact eupression
io xnown [2]. A second tfes Frank [3] was tried. Iz thi
examy 2 the exact eigenvzlues were krown which allowed a direct ccowmparison
to be .ede between the uncorrected and corrected values. In each case th
resul proved that the corrections were of the order of magnitude of the

original tolerance squared.
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EXHIOIT MAIN
MAIN PROG TO TEST VARIALL: PRECISICH JCUI

DIMINSION A(245,12)s8(12s12)suiliz)salliy;
COMMON AsDBsCLE

ACCLEPT 102sER

ACCEPT 101N

NI=iN-+1

NN= RN+ N

IF(SENSE SWITCH 192002203
20 291 I=1sN

LO 201 J=1,1

READ 1025A(15J)
AlJdsI)=A{1sd)

GO TO 202

CALL LI(DETsN)

CALL MATX( N)

CALL JCBI(ASNsER)

CALL IMPEV(NSZESQ)

32=52%A(KsK)
5$3=51-DET

S4=S2=DET

PUNCH 120

PUNCH 1219DET982+51

PUNCH 1225 $44583

CALL VEC(AsBsN)

PUNCH 112 _
PUNCH 1155 (A(Is1)sQ(I)sEE(I)s I=isN)

 PUNCH 109

DC 26 J=1,N
DO 25 I=N1sNN

K=I=-N1+1

PUNCH 1105A(15J)sB(KsJ)

PUNCH 106

IF{SENSE SWITCHZ)6510

PUNCH 114

FORMAT (15X25HINPUT MATRIX DIAGONALIZED/)
DO 7 I=1sN

DO 8 J=1sN

PUNCH 113sA(1sJ)

PUNCH 106

PAUSE

IF(SENSE SWITCH 3)9,1

DQ 40 I=N1sNN

DO 40 J=1sN

L=1-N1+1

[F(I=J=N)41s42s41
A(KsKI=EE(K)

G0 TO 40

AlIsJ)=B(Ksd)

CONTINUE | |
GO TO 205 (3

SUL




)
}

+
b
MG

%)

-

L e S I T T L S S o)
t—= O OO G
NGO LR 0D T

[RSRN AN TN AR S

EXHIBIT MAIN (CONTINUZDI

RMAT(226419)

i

lx i 'TI Ti l‘

RAMAT(/15XTHVECTORS/ )
MAT(ELl4eT7)
FL\MHT(L?)
ORMAT(/15X1I7THEXACT EIGENVALUES/)
FORMAT(2E30419)
FORMATI{EZ6¢1991XEZ26619s1XE25419)
FORMAT{3X1T7HEAACT DETERMINANTLOX12HEEFURE COKKCLJXLAnFriEK CUiKKe )
FORMAT(EZ26e1992(1XEZ26619))
:UQWAT(Zéx,L(LXt&b 19))

END

Fo

O . ;
ORMAT (4X17THAPPROX=EIGENVALUEL4XL0ACORRECTIONLSX14HNE W=l GENVAL &
=0

~OR

L"I‘

't

&



@)

OOV OO0 Oy O

‘:p 13

40

o
-~

[AV]
(¢4 [GREN]

NN
O O

N
o

22

14

15

24

EXHIBIT A

SIRECT JACOBI METHOD

LARGEST OFF DIAGOUNAL ELEMENT METHOD

A=A{IsJ) s A REAL SYMMETRIC MATRIX JIMENSIGNED (2NsN)
WHERE N= ORDER OF MATRIX» ER=TOLLe

AFTER CONVERGENCE THE DIAGONAL OF THE UPPER NAN MATRIX
WILL CONTAIN THE APPROXIMATE EZIGENVALUES OF Al(iod)
THE COLUMN OF THE LOWER HALF WILL CONTAIN THE APPRUAINMATE EIGENVECTORS.

SUSROLTINE JCBILASNSER)
DIMENSION A(24512)
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70 12
AL*AL+B*D
QRTF(RZ)
1

W ll

5% (1 0+AL/R)
GO"CZ
QRTF(C2)
511091111
~-3QRTF{S2)
;0 TO 12 ’
S=SQRTF(S2)
DC 13 I=1sNN
D=CH*A(IsL)+S*A(I M)
==SHEA(IsL)+C*¥A(I M)
A(lsL)=D
Al{IsM)=E
DO 15 J=1sN
DEC*A(L»J)I+SHA(M»J) /15
E==S%A(LsJ)+CXA(MyJ)
A{LsJ)=D
A{M sJ)=E
IFIN=2)24924520
SETURN
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CYCLIC JACOSI METHOD

A=ALT»S) s A REAL SYMMETRIC MATRIX DIMENSIGNED (2N

WHERE N= ORDER GF MATRIX,

AFTER CONVERGENCE THE DI
WILL CONTAIN THE APPRGXI
THE COLUMN OF ThHo LOWER

SUBROUTINE JCBI(ASNSER)
ODIMENSIGCGN Al24512)
Nl=N+1

NZ=N-1

NN=N+N

NT=(N¥N2)/2

DO 7 Is=NIsnNN

00 7 J=1sN
IF(I=J=N)6s+546
A{IsJ)=1e0

GO 70 7

{Isdi=0a0

CONTINUE

K=0

DO 17 L=1sN2

Li=L+1

DO 17 M=L1lsN

B=A({loM)
IF(B*B~-ER*ER) 169216221
AlL=(A{LIL)-A(MsM})/ 260
IF(AL) 28926928

C2=ar)

GO TO 25
X=B/{2e0%AL)

Y=X*%*X

ﬂ

IF{Y-ea0001)23523,22

C=le0=eb*¥Y+1e375%YXY =443

S=X*(la=1e5%Y+34875%Y%Y~
GO TO 12
R2Z=AL¥AL+B%B

- R=SQRTF(R2Z)

13
14

16
17

24

CZ=e5%(Le0+{AL/R Y} )
§2=1e=C2
C=SQRTF(C2)
IF(B8)109s11s11
S=~SQRTF(S52)

GO 70 12
S=SQRTF(S2)

DO 13 I=1sNN
D=C*A(IsL)+S¥A(I M)
E==S#A<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>