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ABSTRACT

¢

This note describes general installation procedures for the ELLPACK 77
system. This set of programs is the software product of the ELLPACK project
[2] to develop a research and educational tool to evaluate software for solving
elliptic partial differential equations.



SYSTEM OVERVIEM

ELLPACK 77 allows its users to pose a linear elliptic partial differentiatl
equation with general boundary conditions on a rectangular domain in two or
three dimensions and to specify the names of procedures to be used to solve the

problem. This ELLPACK input is coded in a simple, high-level problem-oriented

language which is recognized by the ELLPACK Preprocessor. This preprocessor,

a2 FORTRAN program, accepts this input and generates ano;her FORTRAN program,

the ELLPACK control program, which performs the requested tasks by specifying

calls to FORTRAN subprograms in a library of programs called the ELLPACK modules.

When the generated control proaram executes, then, it solves the problem specified
in the original input using the methods described and produces the output requested.
Information on preparing input for FLLPACK 77 is found in [3] and details on
adding modules is contained in [4]. It is assumed that the reader is familiar
with both these documents in what follows.
The system described here was developed on the CDC6500 computing system
at Purdue University with modules contributed from a number of sources. Various
versions of ELLPACK have since run on a number of different computing systems
including: IBM 370/168 (MIT, via Harvard), PDP 10 {Harvard), CDC 3170
(Untversity of Waterloo), IBM 360/75 (University of Waterloo), and CDC 6600
{University of Texas at Austin).
The remainder of this note supplies a machine-independent description of
details needed to install ELLPACK 77. 1In addition, a very detailed example
of an ELLPACK run which illustrates the required control cards and the output
generated in the Purdue implementation is given in Appendix I. In Appendix If
a less detailed example of the control cards needed to run ELLPACK on an
IBM/360 (0S) system is presented.

INSTALLING ELLPACK

The following facilities are required for the installation of ELLPACK: an

ANSI FORTRAN compiler, a linkage-editor or linking-loader with facilities for
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the creation and maintenance of relocatable object program libraries, utilities
for file manipulation (e.g. rewind, concatenation), and a graphics output device.
The need for the latter can be eliminated by some simple changes to ELLPACK to
be described later.

| The first task to be performed in the installation procedure is the com-
pilation of the Preprocessor. (Caution: read this entire document before
proceeding -- scme Preprocessor and ELLPACKX module code may need to be adjusted
for your system as described later). The compiler outnut (relocatable object
code) should be permanently saved, say on the file PREQOBJ.

Next, all ELLPACK modules should be processed by the FORTRAN compiler.
However, these object modules should be permanently saved in a relocatable
object program library compatible with the system 1inkage-editor or linking
loader. Call this 1ibrary ELMLIB.

We are now ready to make an ELLPACK run. As outlined previously, running
ELLPACK requires two steps: running the Preprocessor and running the generated
control program. The Preprocessor requires the set of files given in Table 1

{procedures for modifying the unit numbers are given later). All files except

FORTRAN 1ogical unit number File name Type Purpose
1 HEADER CQutput Control program, part 1
2 ASSIGN Output Control program, part 3
3 MODSEQ Output Control program, part 4
4 FORT Output Control program, part 5
5 INPUT Input ELLPACK input
b OUTPUT Output Standard orint output
7 PUNCH Output Currently not used
8 DATA Output Control program, part 2

Table 1 : Preprocessor Files
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the standard printed output file and the file SCRTCH should be in card image format.
Unformatted FORTRAN writes are made to the file SCRTCH. Af¥ter the

Preprocessor runs, the ELLPACK control program is obtained by concatenating the
files HEADER, DATA, ASSIGN, MODSEQ and FORT in that order. The resulting pro-

gram should then be compiled and executed, with external references resolved

from ELMLIB, the relocatable object 1ibrary of ELLPACK modules. The ELLPACK
control program requires the set of files given in Table 2. Note that the out-

put file SAVE contains information produced by the SAVE verb (see [ 3]). These

FORTRAN 1ogical unit number File name Type Purpose
4 SAVE Output SAVE-ed information
5 INPUT Input Input to ELLPACK modules
when required
6 QUTPUT Output Standard printed output
8 SCRTCH Input/Output Scratch file for modules

Table 2: Control Program Files

include various parameters and statistics of the run which may be subsequently .
appended to a permanent file containing a 1og of ELLPACK runs that have been
made. If this facility is not required the file SAVE may be either printed or
discarded at the end of the run. Finally, the control program may also produce
a file of commands to be executed by an external graphics device. The entire

process of running an ELLPACK program is dﬁagrammed in Figure 1.

SYSTEM-DEPENDANT FEATURES IN ELLPACK 77

In order to increase the portability of ELLPACK, routines have been coded
in ANSI FORTRAN wherever possible. In addition, the Preprocessor has been

processed by the PFORT verifier. However, some facilities offered by ELLPACK
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are inherently system dependent and thus it may be necessary to make a number of
changes or additions to the source code before it is compiled. The following

items should be scrutinized.

1. Required uttlities. The ELLPACK Preprocessor and the generated control

program each use the subroutine subprogram SECOND with one real parameter T.
When invoked, SECOND sets T to the elapsed CP time in seconds since the start of
'this job. This routine is called whenever TIME is specified in the OPTIONS
segment of the ELLPACK input. If a similar routine is not available, then a
dummy routine returning G should be placed in the libraries PREOBJ and ELMLIB.
Also required is a real function subprogram DATE with one (unused) integer
parameter. DATE returns the current date in A8 format (MM/DD/YY). A call to
this routine is generated when SAVE-PARAMETERS is specified in the QUTPUT segment
of the ELLPACK input. On systems with small word sizes it may be necessary to
eliminate this routine or make other adjustments. This can be done by modifying
FORMAT statements 670 and 671 in the Preprocessor routine QUTPT.

2. Program cards. The main programs of the Preprocessor and of the

generated ELLPACK control program eachrbegin with the non-standard PROGRAM state-
ment which names the programs and equivalences unit numbers with external file
names. These may be removed by deleting the appropriate lines in the Preprocessor
main program and by modifying FORMAT statement number 601 in the Preprocéssor ‘
routine KEADIT. | |

3. Logical unit numbers in the Preprocessor. If it is necessary to chadye

the logical unit numbers for the Preprocessor files described in Table 1, the
assignments made to the variables MHEAD, MASSGN, MMODSQ, MFORT, MINPUT, MOQUTPT,
MPUNCH and MDATA in a data statement in the Preprocessor BLOCK DATA subprogram

should be modified.



4. Llogical unit numbers in the ELLPACK control program. If it is necessary
to change the unit numbers 5 and 6 in use by the control program, one must modify
thé assignments to the variables MINPUT and MOUTPT generated by the Preprocessor
routine HEADIT via FORMAT statement 604, If unit number 4 must also be changed,
the write statements generated via FORMAT statements 620 and 670 in the Preprocessor
routine OUTPT must be modified.

5. Plotting. The current version of ELLPACK has facilities to produce domain
plots and contour plots (of error, true solution, residual or computed solution).
Routines to perform these tasks are jmplemented usina the "standard" FORTRAN
callable Calcomp plotting package [1]}. Plots at Purdue are produced on a Versatec
electrostatic printer. It may be necessary to modify the ELLPACK output modules

regardless of whether or not plotting is to be included in the system. The

affected ELLPACK modules and their uses are:

REGPLT - Called when PLOT-DOMAIN is specified. Plots boundary of rectangular
region, grid lines and axes. A rewrite may he necessary.

DOMPLT - Called when PLOT-DOMAIN is specified and the domain is non-rectangular.
Plots boundary of non-rectangular region, grid lines and axes. A
rewrite may be necessary.

CONTUR - Called when PLOT-TRUE, PLQT-U or PLOT-ERROR are specified. Sets up
the interface for the contour plotter GCONTR and labels plots.

A rewrite may be necessary.

GCONTR - A portable device-independent contour plotting program [5]. No
modifications are necessary.

DRAW - Does actual plotting for GCONTR. A rewrite may be necessary. See

the machine-readable documentation in the routine GCONTR.
IGET, MARKT, FILLO - GCOMTR utilities. May be necessary to modify the
data statement assigning a value to NSPW {The number of bits per
word used in integer arithmetic).
Finally, the initialization and finalization calls to the plotting system generated
via FORMAT statements 615 and 616 in the Preprocessor routine CLOSER must also be

modified or deleted.
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To remove plotting from ELLPACK, simply remove the ELLPACK routines described

above. 1n this way, the specifications PLOT-DOMAIN, PLOT-ERROR, PLOT-TRUE, PLOT-
RESIDVUAL and PLOT-U witl still be recognized by the Preprocessor, but unsatisfied
external references will occur when they are specified.

6. Machine-dependent constants. One machine-dependent constant is currently

written onto the ELLPACK control program by the Preprocessor. This constant,
EPSGRD, is the tolerance for distinguishing points from the grid. Its value is

8 for the Purdue CDC system (14.3 digits). To change this value,

set at 10°
FORMAT statement number 608 in the Preprocessor routine HEADIT must be modified.

7. System dependencies in the ELLPACK modules. In this section we have

attenpted to outline possible sources of difficulty in installing the ELLPACK
Preprocessor and the Purdue output routines. No attempt has Been made to describe
non-standard features contained in the ELLPACK modules themselves. ELLPACK
contributors have been urged to use ANS standard FORTRAN and to avoid the use of
system-dependent features. We will be happy to forward news of any difficulties

experienced to the appropriate contributor.
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APPENDIX 1

The following sample ELLPACK 77 run illustrates the Purdue
implementation of the ELLPACK system.

10.35.28. »GTD, 53, TP0. CM15000,LL.
10.39.28.PFILES, GET,EX&s ID=0TD. 1. Control Cards
10.39.30. EXI 120 WORDS = S
10.39.30. PFILES COMPLETE. (for Purdue CDC system)
10.39.30.XEQ(DRYRUN, 1D=CIB, I=EX1, PLOT)

10.39.32. DRYRUN 152 WORDS

10.39,.32. PFILES COMPLETE.

10.39. 34.REWIND, HEADER, ASSIGN, MODSED» PNCH. LGO.

10.39, 34.REWIND, DATA,FORT, ELLPGM, ELLGD, PLDT.

10.39.34.FILES.ELLPK77, T=R.

1D.33.43.ATTACH, PPLIB, ELLPK?7. Load Preprocessor object

10.39.43.ATFACH. ELML B, ELLPK??.
10.39,43.CLEAR, C. program
10.39.44.GET(PPLIB, LGO» NRIREL/BK. -ELLPCK } :

10.39.46. M . s .
9.46.L0ADy LGO» PPLIByMNFLIB»RUNLIB The file EX1 contains the

i06.40.34.CX 1.691 SEC.. ML 72200 WDRDS " : h
10.40.34 .EXECUTE, ELLPCK, HEADER » ASSIGN, MDDSED, EX1» user's ELLPACK lnput program.

10.40.34.DUTPUT,PNCH, DATAs FORT.

10.40.34.CX 1.921 SEC.» NL 51400 HORDS
10.40.37. STOP )

10.40.37 .REWMIND, HERDER, DATA: ASSIGN, MODSED. FORT, Concatenate files produced
10.40. 37 .COPYEF, HEADER, ELLPGH1: 1, CON, DER DEF . by the Preprocessor to
10.40.37.CX .591 SEC.. NL 131 S A

10.40.,37.COPYBF» DATA. ELLPGM, 1 » CON» DER, DEF . obtain the ELLPACK control
10.40. 38.COPYBF» ASSEGN» ELLPGM, 1, CONs DER, DEF - program source.

10.40.39.COPYBF» MODSEG, £LLPGM. 1» CON» DER+ DEF .
10.40.40.COPYBF,FORT, ELLPGHM, 1, CONs DER, DEF .

10.40.41 .REHIND, ELLPGM.

10.40.41.RFL.ssnonéS L 55000 MORDS ! .

10.40.494.CX 2.660 SEC., NL 0 Compi 1
1D.40.45.¢NF, N, R=0, I=ELLPGM» B=ELLGD» L=0UTPUT, E=3. r pile the ELLPACK contre
10.40.45. CAUTION ERROR MESSAGES SUPPRESSED program.

16.40.50. CORE USED = 0S1200B OCTAL WORDS

10.40.50. TIME USED = 2.193 CPU SECONDS /Link/load the control program

10.40.50.CLEAR,C. - . -
10.40.50. LOADs ELLGO, ELML LB+ MNFLIB, RUNLIB. with the library of ELLPACK

10.41.28.CX 5.923 SEC..» NL £01000 WDRDS modules.

10.41.25.EXECUTE,» » EX1» OUTPUT, PLOT+ SAVE . .

10.41.29.CX 6.220 SEC., NL 23100 HORDS

10.41.29. PLOTTING STARTED «—— Execute the control program.
10.41.46. PLOTTING SUCCESSFUL

10.41.46. STOP

iB'Zi'?.E‘EP"““' 18 INCHES - Route plotting output to
10.41.49. EPPLOT CDMPLETE. graphics output device.
16.41.43.PROCEED.

10.41.50.COPYSEF » SAUEs DUTPUT, £ - REB. }..___-—-Llst SAVE file (output

10.41.50.CX  16.419 SEC.. NL 13200 WORDS
10.41.50-MAXIMUM FL: 101000 UORDS produced by the SAVE verb).

10.41.50.MAX TRACKS: 15

10.41.50.MEM UNITS: 0.730 = $ 0.32
10.41.50.CP SECS: 16.458 = $ 0.29
10.41.50.10 UNITS: 1424 = 3 0.12
10.41.50.LINES: 719 = ¢ 0.12
10.41.50.EP FEET: 1l =% 0.05
10.41.50.TOTAL COST ESTIMATE = $ 0.90
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. The ELLPACK Input Program (read by the Preprocessor)

FETWEIF UGS R S WS W R TS SR I D TS RIS ATTE T 8 4 A ansae s R X L X
PO UFI I IRr AP W PRI N IPAPAT W N SUSE STUPRPRPEPRE Y RTU SESF A BTSSP ST S SRV ST TR S RIS S AT S S s me n et L L S S

++++++ ¥4+
FHttd+
Thtabb bt ELLPACK ?7 PROGRAM
+t¥+4¥¥ e+
B Y
UERSION = SEPTEMBER, 19578 UPDATE OF SEPT. I,
#emmm TEST CASE DNE -----
| 4
- ELLPACK 77 EXAMPLE - 9/5/78
* A PROBLEM WITH MIXED BOUNDARY CONDITIONS
.
COUATIDN. TUWO DIMENSIONS
UXX$ + (1.0+Y»Y) UYYS$S ~ UX$S - (1.04Y#Y) UYsS =
. ALOGC( L. 0+y#y)#(2.0+Xn(~14,0+X»*(18.0-4.08X)))
. + 2.0%#({Xe(X~1,0))su2)5{]),0-Y-2,0%/nY/(1,0+YaY))
-
BOUNDARY . MIXED
X=1.0 » MIXED = (-1,00) U + ( 1.0} UX = 0.0
¥=0.0 » U = TRUECK:Y)
X=0.0 , MIXED = ( 1.0) U + C 1,0) UX = 2.0%EXP(Y)
Y=1.0 o U = TRUE(X,Y)
"
GRID. UNIFORM X =4 $ UNIFORM ¥ =5
=
DISCRETIZATIDN. 5-POINT STAR
DISCRETIZATION(2). P3-C1 COLLOCATION
-
INDEX. NATURAL
| 3
SDLUTION. BAND SOLUVE
SOLUTION(2) . SPARSE GE - PIVUGTING (MAXNZ=800)
«
OUTPUT(A). PLOT~DOMAIN
"
DUTPUT(EB). TABLE-U $ MAX(?, 3)-ERROR
»
QUTPUTI(O). PLOT~ERROR
SAVE(—~—~~~TEST-CASE-ONE~~---)~PARAMETERS
SAVE(CDLLOCATION-SOLUTION-——=~

»
SEQUENCE. ouTC(R) $ DIS. $ INDEX % SOL $ OUTPUT(B)
DIS(2) $ INDEX $ SOL(2) $ OUTPUT(B)
ouT o)
[ ]

OPTIONS. LEVEL=1 $ MEMORY $ TIME
»
FORTRAN.

FUNCTION TRUE(X»Y)
TRUE = EXP(X+Y) + ((H¥(X~1.0))w»2)mAl0G(1.0+YnY)

RETURN
£ND
»
END.
MEMORY REQUIREMENTS ARE ABOUT
HORKSPACE = 4004 GRID LINES = 10
LIN EQ COEFS = 1360 LIN EQ ID-S = 1360
INDEXES OF VARS = 240 AMATRXy BUECTR = 4480
PROGRAM + MISC = @erao TOTAL MEMORY = 14234
- -~ = - - ELLPACK PREPROCESSOR TIME = .64 SECONDS

1978

bl ot it
et
++befrt
Tttt
+htttditt



3. The ELLPACK Control Program (generated by the Preprocessor)

HMINNESOTAR FORTRAN COMPILER (VERSION S.2 ~ 02/23/78) OUN PURDUE  DUAL £500 MACE SYSTENM 08-/14-¢8 AT 10.43
MNFs N» R=0, I=ELL PGMs B=ELLGO, L=0UTPUT, £E=3.

B S L e s e L L e e e e e e S L e g e
L S L e e L e e e LS s
++4++r++++ . 4+ttt
+HbE FILE HEADER  FOR ELLPACK 77 bttt
+Hret b+t R ey
PROGRAM ELL?7 CINPUT,OUTPUT,PLOT, SAVE, SCRTCH. TAPEA=SAVE.,
A TAPES=INPUT, TAPEG=0UTPUT» TAPEB=SCRTCH) - ...
LOGICAL DIM2, DIM3,POISONs LAPLAC, CONSTC, SELFAD, CROSST, -- Program card for
DIRICH, HOMDEQ, NEUMAN, MIXED, HOMOBCs UNEFRM. CDC systems
DEBUG» TIMER, RECTAN, SYMMET» CLODCKH, FATAL
REAL AXs BX, AYs BYs AZs BZr HXr HY, HZ» CUXXs CUXY v CUYY» CUX,
CUY. CU, CUXZ, CUYZ, CUZZ, CUZ» GRIDX, GRIDY, GRIDZ»
AMATRX, BUECTR, UNKNWN, COEF , TRELEM, BPARAM» XBOUND,
YBOUND
INTEGER IROT(6),HORZ» VERT» BOTH, STAR» ONE+ BLANKs XXXs EXTER.
PERIOD, CORNER
EXTERNAL SOLUT,ERROR»RESID. TRUEEP
COMMON HORKSP
COMMDN/ PROBL ~ DIM2,DIM3,POISON.,LAPLAC, CONSTC, SELFAD.
A HOMDEG, CROSST» HOMOBCs DYRICH: NEUMAN» MIXED, UNIFRM
COMHMDN/ PROBR 7 AX» BXy QY+ BYs AZ» B2 BA, WY HZ
COHMMON 7 PROBI /NGRIDX»NGRIDY, NGRIDZ
COMMONs CPDE 7 CUXX,CUXYsCUYYs CUXs CUYs CUs
A CUNZ, CUYZ.CUZZ, CUZ
COMMON/ CONTRL~- DEBUG. TIMERs SYMMET»FATAL
COMMON- INTEGS/ NUMBEQ, NUHCOE, NROH. NCOL » NBAND, IROT,
) LEVEL» INITL» INDIS, INSOL,
B MINPUY, MOUTPT, MEMORY,» ININD» NGRDXD,
C ’ NGRDYD» NGRDZD» MXNEQ, MXNCOE » NROWD, NCOLD
COMMDN ~ REALS ~ ERRMAX.SOLMAX: TRUMAX, RESMAX: TIMES
COMMON- BNDRY ¢~ IPIECE.NBQUNDsNBNDFT.CLOCKL
COMMON/SYMCON ~ HDRZ,UERT, BOTH, ENTER» STAR, ONE» BLANK» MINUS,

(mlglelnlyl

D OWD_wWD

A XX¥% EXTER, PERIOD» CORNER
COMrON/ NUMCON ~ EPSGRD
COMMON 7 CDEFZ2Z - COEF
COMMON -~ IDCDZ2Z ~ IDCOEF
COMMON ~ NDXEZZ ~ NDXEQ
COMMON 7 NDXUZZ ~ NDXUNK
COMMON 7 INUNZZ ~ INUNDX
COMMON ~ AMATZZ 7 AMATRX
COMMON ~ BUECZZ -~ BUELTR
COMMDN ~ UNKNZZ ~ UNKNWN -
COMMON -~ CRIDXZ -~ GRIDX
COHMON ~ GRIDYZ - GRIDY
COMMON -~ GRIDZZ - GRIDZ
COMMON ~» TABLZZ -~ TABLEN
COMMON ~» IGRIZZ ~ IGRID
COMMON -~ BRANZZ - BRANGE
COMMON ~ BCTYZ2Z - BCTYPE
COMMON 7 GTYP2Z - GTYPE
COMMON ~ XBOUZZ ~» XBOUND
COMMON -~ YBDUZZ -~ YBOUND
cCoMHON ~ PIECZZ ~ PIECE
COMMON » BPTYZZ ~ BPTYPE
COMMON -~ BNEIZ2Z ~ BNEIGH
COMMON » BPARZZ - BPARAM
COMMON - BCRIZZ ~ BGRID
DIMENSION GRIDX(4 )
DIMENSION GRIDY(5 }
DIMENSION GRIDZ(1 }

DIMENSION MODSQ(11)
DIMENSION WORKSP( 4004)



glisipinly]

sinigiglinl

. -10-

DIMENSION COEFC  80,17)

DIMENSION IDCOEFC 80,17)

DIMENSION NDXEGC 80),NDXUNK{ 80), INUNDX( 80),IGRID( 80)
DIMENSION AMATRXC 80, S5).UNKNHNC 80)s BUECTR( BO)
INTEGER BCTYPE(  B)

INTEGER GTYPE( 1. 1)

REAL BRANGE(2, 1)

DIMENSION XBOUNDC 1),YBOUNDC 1),»BPARAMC 1)

INTEGER PIECE ¢ 1),BPTYPEC 1)»BNEIGHC 1)

INTEGER  BGRID ¢ 1)}

DIMENSION TABX( 73 TABY( 9%» TABZ( D)

DIMENSION TABLEM(C 4, S 1)
INTEGER NOAMES(4,2)
REAL TIMESC 14)

PSR SRR IS IS SE S W T R e S I RS SRR S S
T AL e e n s T L e o o

4+ 4+t
b it FILE DATA FOR ELLPRCK 77 ++fitt bt
¥4+ 4+t +4++ -ttt
DARTA HORZ » UERT » BOTH - » INTER , STAR . ONE
A /4HHORZ  ,4HUERT » 9HBOTH +SHINTER , 4Hwasws , IH1 ’
DATA BLANK » MINUS » XMX , EXTER + PERIOD , CORNER
A s 4E s dH-—-- , GHXXXX » SHEXTER + 1H, + GHCORNER ~
DATA EPSGRD ~ .0000000] ~» —=—— .
DATA MODSA # 6- 1s 34 4r 75 @+ 3+ S» 75 B» Machine-
B 9/ dependant
DATA NAMES(1, 1)+ NAMES(1,2)+ NAMES(2, 1)» NAMES (2, 2)» NAMES(35 1), constant
A NAMES(3,2)» NAMES(4s 1) » NAMES (4, 2)
i} / 4HRESI, 4HDUAL, 4HSOLU, GHT ION, 4HTRUE, 4H + SHERRQ) 4HR ’
T SR R R R A e R e R e Lt
D D T N N T B e e T L e R L LT
+4++thtt e+ +4++H++ e
R a2 FILE ASSIGN FDR ELLPACK 77 R Enaasars
+H+irddidt + bttt htt
pIM2 = .TRUE.
DIM3 = .FALSE.
POISON = .FALSE.
LAPLAC = .FALSE.
CONSTC = .FALSE.
ﬁ%%ggz:ﬁmgg: Note: these headings distinguish
HOMDBC = .FALSE. separate Preprocessor output
CROSST = .FALSE. files that have been concatenated.
RECTAN = .FALSE. \
UNIFRM = .FALSE,
DIRICH = . TRLE.
NEUMAN = ,FALSE,
MIXED = .FALSE.
DEBUG = .FALSE.
TIMER = .FALSE.
MINPUT = S
MDUTPT = 6
pDs I =186
5 IROT(I) = 0
IRDT(1) = 2
IROT(3) = -2
LEVEL = 1
MXNUNK = 1 L.
CLOCKW = .TRUE. The initial ELLPACK interface
SYMMET = .FALSE. is set up here
Az = 0.0 p ’
BZ = 0.0
ERRMAX = 0.0
RESMAX = 0.0
HZ = 0,0
MEMDRY = 0
TFIRST = 0.0
TLAST = 0.0
KTIMES = 1
FATAL = .FALSE,
MIXED = .TRUE.
MIXED = .TRUE.
AX = 1.0
BX = 0.0
IFC¢ AX .LT. BX ) GO TO 210



-

ASAVE = AX
AX = BX
BX = ASAVE
IRCT(1) = 0
IROT(3) = 0

210 CONTINUE
AY = 0.0
BY = 1.0
IFC AY .LT. BY ) GO TO 220
ASAVE = AY
AaY = BY
DY = ASAVE
IROT(2) = +2
IROT(4) = -2

220 CONTINUE
IR = 1 + IRDT(1)
BCTYPEC(IR) = 3
IR = 2 + IROT(2)
BCTYPE(IR) =1
IR = 3 + IROT(3}
BCTYPE(IR) = 3
IR = 4 + IROT(4)
BCTYPEC(IR) = 1
NGRDXD = 4
NGRIDX = 4
HX = (BX~AX)”7 3.
pmunJd=1, 3

11 CRIDX(J) = AKX + FLOAT(J-1)#HX

GRIDX( 4) = BX
NGRIDY = 5
NGRDYD = 5
HY = (BY-AY)/ 4.
ppi12J=1 14

12 GRIDY(J) = AY + FLDAT(J-1)=HY
GRIDY( 5) = BY
UNIFRM = .TRUE.
NGRDZD = |
NGRIDZ = 1
LEVEL = 1
TIMER = .TRUE.
NPDIN = 4
NBDIM = b3
HXNCOE = 17
MXNEQ = 80
NROWD = 80
NCOLD = 55
NBAND = 27
MEMORY = 14234

DO 9 J=1,MXNEQ
NDXEQ(J) = -10001
NDXUNK(J) = -10001

INUNDX.(J) = -10001 _~Call on timing routine.
8 IGRID()) = -10001 -
D071=1, 14 ~
7 TIMES(I) = 0. cas s . \
CALL SECOND(TFIRST) _.~Iniltlalization of plotting system.

TIMES( 14) = TFIRST __.--~
CALL PLDTS wea—ssom =

(o T N R T LA AR S SRR R Ry R
(o X R R e 2 T L X
(R = S P bttt
C b+t FILE SEQUENCE FOR ELLPACK 7?7 S R Y
[ SO R = S S +HHtPEE
KSEG = 0
GO TO €00

c

S00 COMTINUE

IFC TIMER ) CALL SECOND(TFIRST)

INITL = 1 DIS
INDIS = 1 :

CALL STARS (GRIDX.NGRDXD,GRIDY,NGRDYD, BCTYPE.COEF, MXNCOE,
A MXNEQ. IOCOEF, IGRID)

IFC .HOT. TIMER ) GO TO 600

CALL SECOND(TLAST)
TIMES(KTIMESY = TLAST-TFIRST
KTINES = KTINES+1

GO YD 800

IIlIIIIIIIlIIIIIIIIIIIIIIIIIIIIIIIlIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIllIIIIIIIIIIIIIIIIIIIIIIIIIIII
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501 CONTINUE

IF( TIMER ) CALL SECOND(TFIRST?

INITL = 1

INDIS = 6

CALL P3CL1CO(GRIDX,NGRDXD:GRIDY,» NGRDYD, COEF» MXNCOE, MXNEQ,
A IDCOEF,» IGRID)

IFC .NDT. TIMER ) GO 7O 600

CALL SECOND(TLAST)

TIMESC(KTIMES) = TLAST-TFIRST

KTIMES = KTIMES+1

GO TO 600

502 CONTINUE

IFC TIMER ) CALL SECOND(TFIRST)

IBITL =1

ININD = 3

CALL NATORD(NDXEQs NDXUNK, INUNDXs 1XNEG)

IF( .NOT. TIMER ) GO TO 600

CALL SECONDCTLAST)
TIMESC(KTIMES) = TLAST-TFIRST
KTIMES = KTIMES+!

GO TO 600

503 CONTINUE

IFC TIMER )} CALL SECOND(TFIRST)

INSOL = 2

CALL BMNDSTR(COEF,MXNCOE»HXNEQ. IDCOEF, AMATRX» NROWD,
A NCOLD. BUECTR> NDXEQ. NDXUNK» INUNDX)

IFC TIMER ) CALL SECOND(TLAST)

TIMES(KTIHES) = TLASY - TFIRST

KTIMES = KTIMES + 1

TFIRST = TLAST

CALL BNDSOL (AMATRX» NROWD, NCOLD» UNKNWN, BUECTR» MXNEQ)

IFC .NOT, TIMER ) GO TO 600

CALL SECOND(TLAST) .

TIMES(XTIMES) = TLAST-TFIRST

KTIMES = KTIMES+1

GO TO 600

S04 CONTINUE

505

506

IFC TIMER ) CALL SECOND(TFIRST)

INSOL = 3

MAXNZ2=800

CALL SPASTR(COEF, MXNEQ» MXNCOE» IDCOEF » AMATRX» NROHD»
A NCOL D, BUECTR» NDOXUNK » INUNDXs MAXNZ)

IF( TIMER ) CALL SECOND(TLAST)

TIMES(KTIMES) = TLAST - TFIRST

KTIMES = KTIMES + 1

TFIRST = TLAST

CALL SPAGEP(AMATRX» NROWD» NCOLD» UNKNWNs BUECTR» MXNEQs NDXEQ, MAXNZ X

IFC .NOT. TIMER ) GO TO 600
CALL SECOND(TLAST)

TIMES(KTIMES) = TLAST-TFIRST

KTIMES = KTIMES+!

GO TO 600

CONTINUE

IFC TIMER ) CALL SECOND(TFIRST)

INITL = 1

CALL REGPLT(GRIDX:GRIDY.NGRIDX:.NGRIDY: AX\: BX,»AY» BY)
IFC .NOT. TIMER ) GO TO 600
CALL SECOND(TLAST)

TIMES(KTIMES) = TLAST-TFIRST

KTIMES = KTIMES+1

GO TO 600

CONTINUE

IF( TIMER ) CALL SECOND(TFIRST)

INITL = 1

CALL TABLERC(SOLUT »NAMES(2,1J)sNAMES(2,2),
NGRIDX, NGRIDY» NGRIDZ» GRIDX, GRIDY» GRIDZ»
NGRDXD» NGRDYD» NGRDZD» GR1DX» GRIDY» GRIDZ»
URKNLIN» MXNEQ» ROXUNKs TABLEMs COEF « IDCOEF»
MXNCOE,» BCTYPE » INUNDX» NDXEQ» IGRID)

OwWD ¢

DIS(2)

INDEX

SOL

SoL(2)

OUTPUT(A)

OUTPUT(B)




NTABX 4
NTABY 9
NTRBZ 1
STEP = (BX-AX)/ B.
1o 701 I=1,» B
701 TABXR(I) = AX + FLOAT(I-1)=STEP
TABX( 71 = BX
STEP = (BY-AY)s B.
Do vo2 =i, 8
702 TABY(I) = AY + FLOAT(I-1)#STEP
TABY( 8) = BY
ERRMAX = FNCHMAX(ERROR »MAMES(4,1)yNAMES(4,2),
NYABX, NTABY NTABZ. TABX, TABY, TABZ,
NGRDXD, NGRDYD: NGRDZD» GRIDX,» GRIDY» GRIDZ.
UNKNWN, MZNEQy NDXUNK s TRBLEM, COEF » IDCOEF ¢
MXNCOE», BCTYPE» INUNDX, NDXEG» IGRID)
IF( .NOT. TIMER ) GO V0 600
CALL SECOND(TLAST)
TIMES(KTIMES) = TLAST-TFIRST
KTIMES = KTIMES+1
GO TO 600

507 CONTINUE
IF( TIMER > CALL SECOND(TFIRST)
INITL = 1
CALL CONTUR(ERKROR +NAMES(4,1)sNAMES(4.2),
A NGRDXD» NGRDYD,» NGRDZD. GRIDX, GRIDY: GRIDZ,
B UNKNHN> MXNEG» NDXUNK » TABLEM» COEF, IDCOEF »
c MXNCOE» BCTYPE» INUNDX, NDXEQ» ILRID)
WRITE(4,803)
903 FORHAT(23H-——--TEST-CASE-ONE-————

)

OwD @

RDATE = DATE(OD) ~=&— -
WRITE (4,902 RDATE, DIM2,POISON, LAPLAC, CONSTC, SELFAD»
A CROSST, HOMOEQs AX, BX, AY, BY» AZ: BZ, DIRICH, NEUMAN
B MIXED, HOMOBC,» (RCTYPE(I), I=1,8),
C UNIFRM+ NGRIDXs NGRINY, NGRIDZ» HX» HY » HZ»
D {Jy TIMES(J)» J=1LXTIMES)
HRITE(4,811) MEMORY.CRRMAX. RESHAX
902 FORMAT(20X,7HDBATE = ,» A8~
A 2%, 41HDIM2, POISON. LAPLAC» CONSTC, SELFAD, CROSST,
B ,BHROMOEQ =»7L3 ~ 2X.20HAX, BXs AY,BY,AZ:BZ = .
C BF9.6 - 2X%,2BHDIRICH. NEUMAN,MIXED, HOMDBC =,4L3,
D 1lH BCTYPE =,BI2 ~ 2%X,BHUNIFRM =,L3:
£ 15H NBGRIDX»Y.Z =:313.13H HX,HY,HZ =,3F10.7 ~/
F 2%, 22HTABLE OF SEGHENT TIMES ~ (BX»7(I3,F7.3)))

911 FORMATC11H  MEMORY =, IS.SX»20HMAX ERROR,RESIDUAL =,2E14.4)

KWRITE(4,3804)
904 FORMAT(40HCOLLDCATION-SDLUTIDON-———~————semcm—me
*, BH-—————
*)
901 FORMAT(I10-/(6EL13.5))
HRITE (4,901 )NUMBEQ, (UNKNKN(J)» J=1»NUHMBEQ)
IF( .NOT. TIMER ) - GO TO BOC
CALL SECONB(TLAST)
TIMES(KTIMES) = TLAST-TFIRST
KTIMES = KTIMES+1
GO TO B00

538 CONTINUE
600 IF( FATAL ) GO TO 630

KSEG = KSEG + 1

IF( KSEG .GT. 10) GC 7O 605

HMSEG = MODSG(KSEG)

GO TO(500.501,502» 503,504, 505, S05, S07»

B 600, 58B,650), MSEG
605 CONTINUE

B50 CONTINUE

OUTPUTR(C)

Call to system
date routine.
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CALL SECOND(TFINAL)
TIMES(KTIMES) = TFINAL - TIMES( 14)
HRITE(HOUTPY»700) (I, TINES(IJ)sI=1,KTIMES)

700 FORMAT(~////3%,» 34HEXKECUTION TIME FOR MODULES (SEC.)s

ntQEX.Estl?a)//(4ég§;ISvIXoEHTINE = F7.2+3%X)7))
L PLOT(D.,0., - ) . . .
5ToP - Finalization of plotting
£90 CONTINUE tem.
STop system
END .
B L e e e e e L o n s 2
R L L L e s L e e e o
+etF+3 it bttt et
Hht b FILE FORTRAN FOR ELLPACK 77 Fopbtb bt
4+t ttdd 4P Fibttridit
SUBROUTINE PDE(X,Y,CUALUS)
REAL CuUALUS(7)
CUALUSC 1) = 1,0
CUALUS( 2) = 0.0
CUALUS( 3) = +(1,0+YaY)
CUALUSC 4) = —-1.0
CUALUSC S5) = —(1.0+YnY)
CUALUSC B) = 0.0
CUALUSC 7) = ALOGC(1.D+YY)n(2,.0+Xa(~14,0+X»{(18,0=4.0%X}})+2.0n((Xe
B(X~1,0))%82)#().0-Y-2.0mY#Y/(1,0+YWY¢))
RETURN
END
REAL FUNCTION PDERHS(XsY)
POERHS = ALDG(1.0+Y=Y)e(2,0+Xn(-14, 0+X#(18.0-4,.0mX)))1+2,0%(
FIXNEK-1.0)yen2ym (1 D-Y-2,00Y»Y/(1,03YsY))
RETURN
END
REAL FUNCTION BCOND(IsXsY,BURLUSY
REAL BUALUS(4) _
COMMON ~ INTEGS ~ NUMBE®y MUMCOE, NROW, NCOL.» NBAND, IROT(S),
A LEVEL,» INITL» INDIS, INSOLs HINPUT, HOUTPT» MEMORY, ININD,
B NGRDXD. NGRDYD»> NCRDZD» MXNEQs MXNCOE, NROWD, NCOLD
IP = I + IROT(I)
GOTOC( 1, 25 3»
B 4),IP
1 CONTINUE
BUALUS(4) =0.0
BUALUS(1) =-1.0
BUALUS(2) =1.0
BUALUS(3) = 0.0
GO TD 989
2 BUALUS(L) = 1.0
BUALUS(4) =TRUE(X,Y)
BUALUS(2) = 0.0
BUALUS(3) = 0.0
GO TC 893
3 CONTINUE
BURLUS(4) =2.0*EXP(Y)
BUALUS(1) =1,0
BUALUS(2) =1.0
BUALUS(3) = 0.0
GO TO 998
4 BUALUS(1) = 1.0
BUALUS(4) =TRUE(X»Y)
BUALUS(2) = 0.0
BUALUS(3) = 0.0
GO TO 993
93 BCOND = BUALLSC4) User routine from FORTRAN

FUNCTION TRUE(X,Y)
TRUE = EXPIX4Y) + ((X#{X-1.0))#a2)%ALOG(]1.0+YaY)

RETURN
END
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4. The ELLPACK Output (produced by ELLPACK modules)

The fellowing is the Level 1 output produced by the 5-POINT STAR,
NATURAL, and BAND SOLVE modules. They correspond to the DIS,
INDEX and SOL in the SEQUENCE segment of the ELLPACK input program.

FINITE DIFFERENCE MODULE - FIVE POINT STAR
DOMAIN = RECTANGLE ( 0» 1.0000E+00) X ¢ O» 1.0000E+00)
DISCRETIZARTION = UNIFORM 4X 5 H¥= 3.3333E-01 HY= 2.5000E-01

BOUNDARY CONDITIONS ON PIECES 1,2+3+4 ARE 3»1,3s 1
OUTPUT LEUVEL = 1

EXECUTION SUCCESSFUL
NUMBER OF EQUATIONS = 12
AX NUMBER OF UNKNOWNS PER FON = 5

INDEXING MHMODULE - NATURAL ORDERING

NUMBER OF EQUATIONS = 12
EQUATIONS-UNXNOWNS NUMBERED IN ORDER GENERATED

EXECUTION SUCCESFUL

SOLUTION MODULE -. NONSYMMETRIC BAND SYSTEHN
NUMBER OF ROWS = 12
NUMBER OF COLUMNS = S
BANDHIDTH =

EXECUTION SUCCESSFUL
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The following output is produced as a result of the TABLE-U
and MAX(7,9)-ERROR directives in the OUTPUT(B) segment of the

ELLPACK input program.

ELLPACK ¢? DUTPUT

X-ABSCISSAE ARE

¥= 1.00000E+00

2.718282E+00
¥= 7.50000E-01

2.111187E+00
Y= 5.00000E-01

1.629445E+00

Y= 2.50000E-01
1.258418E+00
Y= 0

1.000000E+00

-~

ELLPACK 77 DUTPUT

B s L S T Ep a o T ey

? B S BY

+

B B L R e o e e R
SBY 1 GRID

+

+ TABLE OF SOLUTION ON

+*

3.333333E-01

3.827897E+00

2.,979275E+00

2.311663E+00

1.791584E+00

1.3956t2€£+00

€.666667E-01

S.328720E+00

4, 168303E+00

3.246320E+00

2.517991E+0D

1.947734E+00

+ MAX ABSOLUTE UALUE OF ERROR ON
+

LA AR el e e e  E s e L e e e e s e e T e e o A

4 BY

LR R < TR A e N P P E

1.000000E+00

7.3B30S6E+00

5.8686840E+00

4.574407E+00

3.548735E+00

2.718282E+00

1 GRID IS

1.14237371E-01 . t

+

=1
- L.
'ﬁi’.

1
LEN
¥

11

i
]
I
(
o

t

- A Ma

a2,

e N
remmawate b Ly, .
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Next, the user®s ELLPACK input program specifies that a second
solution to the problem be attempted using the P3j-C1 COLLOCATION,
NATURAL and SPARSE GE-PIVOTING modules. The Level 1 output of
the latter two modules (INDEX and SOL(2)) is shown below. The
DIS(2} module produces no Level 1 output.

INDEXING HMODULE -~ NATURAL ORDERING

NUMBER DF EQUATIONS =  BO
EQUATIONS/UNKNOHWNS NUMBERED IN ORDER GENERATED

EXECUTION SUCCESFUL

SOLUTIOCN MDDULE - SPARSE GE -~ PIUDTING
NUMBER OF EQUATIONS = 80
ESTIMATED MAX NUHBE# OF NON-ZERD ELEMENTS IN UPPER TRIANGULAR FACTOR = 80o
SIZE OF HORKING STORAGE = 3363
NUMBER OF NON-2ERO MATRIX ELEMENTS = 951

EXECUTION SUCCESSFUL
UPPER TRIANGULAR FACTOR HAS 783 NON-ZERO ENTYRIES




Once again the OUTPUT(B) segment is invoked, this time producing
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the following printed output.

ELLPACK 77 QUTPUT

¥-ABSCISSARE ARE

vt

1.00000E+00

2.718820E+00
7.50000E-01

S —

2.117555E+00

= 5.00000E~01

1.E49120E+00
2.50000E-01

[ R S—

1.0000D00E+00

ELLPACK 77 DUTPUT

B R R R b b bbb b bbb bbb bbb bbb b et
?BY 9BY | GRIDIS

+

 aaama e e e a  a o
S BY 1 GRID

+

+ TABLE OF SOLUTION ON

+

3.333333E-01

3.828423E+00

2.9758867E+00

2.312280E+00

1.79513%E+00

1,3956496E+00

B.566667E-01

5.3292B1E+00C

4.145793€E+00

3.222544E+00

2.53040E63E+00

1.947776E+00

+ MAX ABSOLUTE UALUE OF ERROR ON
+
R W I T W AT SRS W S ST ITY S ONORT S W W ST OIS I WA QAP BIEEE B W APS ST S VI PSS U 3

4 BY

L e e e L e e L e el e e n el el

1,000000E+Q0

7. 389676E+00

5.755014E+00

4.481842E+00

3.490463E+00

2.718282E+00

IR

-+

1.57221099€E~03 '+
+

Ot S —
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The final output resulting from the execution of the ELLPACK
control program is a listing of module timings. One entry appears
for each segment invoked in SEQUENCE (except -- each execution

of a SOLUTION module gives two timings, one for reformatting the
matrix produced by the discretization and the other for the

equation sclution). The last time is the total execution time.

EXECUTION TIME FOR MODULES (SEC.)
1 TIME = .27 2 TIME = .08 3 TIME = -03 4 TIME = .03
S TINE = .02 6 TIME = 26 7 TIME = .19 8 TIME = .03
8 TIME = .09 10 TIME = .82 11 TIME = .39 12 TIMNE = 7.22
13 TINE= 9.44

5. The SAVE File

The following is the information placed on the SAVE file by the
ELLPACK contrel program. It is produced as a result of the
OUTPUT(C) segment of the ELLPACK input program.

—TEST-CASE-ONE———
DATE = 05-14-78
DiIM2, POISONy LAPLAC, CONSTC, SELFAD.CROSST, HOMOEQ = T F F F F F F

AXy BX» AY» BYs A2, BZ = 0 1.000000 0 1.000000 0 0
DIRICH, NEUMAN,MIXED.HOMDBC = T F T F BCTYPE =3 1 3 1 X X
UNIFRM = T  NGRIDX.Y:2 = 4 5 1 HXsHYeHZ = ,3333333 .2500000 0
TABLE OF SEGMENT TIMES
1 271 2 .082 3 .027 4 .035 S .016 E .264 7 .194
' 8 .028 9 .09310 .B24 11 .387 12 0
MEMORY =1d234 MAX ERROR,RESIDUAL = 1.5722E-03 0

CULLUCRTIgN—SDLUTIDH
8

1.000000E+00
1.283898E+00
2.117555E+00
2.71?7743E+00
1.785139E+00
2.334049E+00
3.828423E+00
1.947774E+00
3.222544E+00
4.057618E+00
2.718282E+00
3.430376E+00
S.755014E+00
7.38967EE+00

1,001023E+00
1.282283E+00
2.1173399E+00
2.71B107E+00
1.81S5774E+00
2.419872E+00
3.843504E+00
1.948714E+00
3.251347E+00
3.982051E+00
2.719431E+00
3.492784E+00
5. 755340E+00
7.390129E+00

1.000482E+00
1.6439120E+00
2.11647BE+00
1.39564EE+00
1.8009727E+00
2.9763S67E+00
3.896564E+00
2.504063E+00
3.178390£+00
S.3292B1E+00
2.717333E+00
4.481542£+00
S.755014E+00

9.88724SE-01
1.64851BE+00
2.116B01E+00
1.395371€E+00
1.B61500E+00
3.002412E+00
3.938431E+00
2.524620E+00
3.093428E+00
S.344531E+00
2.739955E+00
4.482295E£+00
5.755356E+00

1.284217E+00
1.648353E+00
2.,718820E+00
1.395742E+00
2.3122B0E+00
3.020825E+0Q0
1.94777BE+00
2.492026E+00
4.145793€E+00
5.192187£+00
3.490463E+00
4,481834E+00
?.383676E+00

1.284882E+00
1.647905€+00
2.717621E+00
1.393964E+00
2.341061E+00
3.0977390E+00
1.948033E+00
2.431572E+00
4.]171387E+00
S.143744E+00
3.490902E+00
4.482468E+00
7.390126E+00
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6. Graphics OQutput

The following two plots are produced by the gsample program. The
first results from the PLOT-DOMIAN in OUTPUT(A) and the second

from the PLOT-ERROR in OUTPUT(C). (The second plot depicts the
error contours resulting from the P3-C1 COLLOCATION discretization).

1.000 -

800 -

.600 -

400 -

.200 -~

.0o0 -

- .00~

60D .80D ~1.000
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ERROR
CONTOURS

CONTOUR VALUE
-2,35E-03
-2.07e-03
-1.79€-03
~1.51E-03
~-1.24E-03
-9.58E-0Y
-6.81E~0M
-4.03E-04
~1,26E-0Y
1.52E-0M

CODMIIU LW —

1.077
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APPENDIX 11

Additional Notes on Implementing ELLPACK on
IBM 360/370 Systems (0S)

The following is a loose description of Figure 1 using the jargon of
IBM's JCL. Many details have been omitted; our purpose is only to give a
very general idea of what form the JCL must take.

As described perviously, two permanent files must be created from the
ELLPACK source modules:

PRECBJ = the Preprocessor in lpoad module form; main program called ELLPRE

ELMLIB = the ELLPACK module library with routines in object deck form

When these files have been created, the following set of control cards
will implement Figure 1. We suggest that they be embodied in a catalogued

procedure on your system.

#=oh
O=zero
//PRETRAS  IXEC  PGM=LLLPRE
/7/ONTPLTH DD DSNAME=PREZBJ ,DISP=SHR
//TI01F001 DD DSN=I/EADFR,DISP=(NIW, PASS),UNITT=SYSDA,SPACE=(TRK,(5,5)),
// DCB=(RECFM=FR, [RECL=80, BLKSIZE=800)
/ /T O8O0l DD DSN=DATA,...same as above...
//TH021'001 DD DEN=ASSIGN, ...same as above...

//1°P03H00L DD DSN=MZDSFQ, . ..same as abave...
//1°TONT001 DD DSN=I'@RT,...same as above...
//FTO6FN0] DD SYSAUT=A
/7105001 DD ¥

ellpack input program
AP 15XiC  F@RIGCLG
//VORT.CYHSTN DD DSN=10:ADER, DISP=@LD

// DD DSN=DATA ,DISP=ZLD

// DD DSN=ASSIGN,DISP=@LD

/7 DD DSN=M@DSEQ, DISP=@LD

/7 DD DSN=FERT, DISP=@LD
//7UKID.SYSL1IB DD DSN=FIML-IB,DISP=SHR

/! DD DSN=8YS1.F@RTLIB,DISP=SIR

/00, 1001001 DD DUMMY #
//G#.FTORFGOY DD DSN={CRTCH, DISP=NEW ,UNIT=SYSDA, SPACE=(TRK, (5,5)),
// DCB=(RECFM=VB, LRECL=512 , Bl KSIZE=517)

¥M1is must be replaced 1if the SAVE option 1s implemented.
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