D2 * ML F ADM
Adans Method Inteogration

IDENTIFICATION

D2 # ML ¥ ADMS

Adams Msthod Integration Package (FORTRAN)
A. C, Hindmarsh, Dept. 59-2L

Lockneed Migsiles and Space Company
Sunnyvale, California

18. August 1961 (Revised L=-26-62)

PURPOSE

To integrate any number of simultaneons first order differentizl equaticns
having a common independent variable, viz.,

};}i = fi(ts T }'2!---13}1): 121y, 2500.,00
ak

A differential equation of order X>1 of the form -—I—{i- = {(t, y) can be solved
dt

by this program after it is reduced to K simmltaneons first order equations.

This package is intended to use as a part cf the user?s main crogram and is

not a complste program in itself.

RESTRICTIONS

The following is a list of variables used in the package:

NDEQHS DELTAT ADMCF3
TUMACT DTNMNL STGATE
NACTVE T MSTIDX
YNoT DIHLN INSDBL
TR N HAVGTE
ACTIND PAOTTM NSUEB

ADMKUL PASTDT NDEQEX
ADMRLL ADMCF1 NOUTEX
LB ADMCF2 NHITEX

Those variables widch are underlined are to be defined by the user as
preseribed in tinis writeup., The cthers are defined and used entirely within
the package,

The FORTRAY statement nunbers used by the packz e range from 1 to 21, The
programmer may use any number larger inan 21 in the main program, subject to
the restrictions (explained later) concerning the mumbers 30, 4O, and 50.
HETHOD

The formula on which the Adams method of integraticn is based is

7 oe e D522 )

where ¥y = %-E and v denotes the backward difference operator. From the initial
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point (%o, ¥o), three starting points (required in the above formula) are
obtained by using a very small nominal At, getting the backward difference
coefficients squal to zero; and introducing each coefficient successively as

a new point is computed. After this starting procedure is completed, the
integration contimes, using the complete quadrature formula above., The size

of ./\t is then controlled by a halving and doubling procedure which is dependent
upon the magnitude of the estimated relative truncation error, but is in =211
cases kept betwsen nrescribed bounds. The tests on this error leading to halving
or doubling are not perfcrmed during the start procedure, and doubling is never
“performed twice in succession,

Althouzh At is controlled largely internally, there is 2 provision in the

orogran for ziving solutions of the system at any prescribed value of TDME, i.e.,
at any critical neint, As soon as a critical time has been overtaken, the

increment [\t from the previous point must be redetermined so as to hit the
eritical point. The packaze then modifies the backward differences in accordance
with this [\t,., and in®sgrates to the critical time., At this point any desired
changes can be made in the equations, Integration is then resumsd from the
eritical point using the starting procedurs described above, as if the critical
point were an initial point, Every point of finite discontimuity in the dérivatives
should be treated as a criticel point.

Qutput can be effected at every comwuted point, or cn any conditicns desired (and
inserted) by the user (e.g., at every tenth point plus critical pointa). The
user must write his cwn output, however, as described for "Block D" below.

The computational procedures of the package itself are nct performed in the ma2in
program, but in SUBRCUTINE BIGSUB. Control passes from the main program to
BIGSUB and back many times during each integration. Information flow betwsen the
two is accomplished by means of COMMON storage.

The following table gives the name, definition, and equations,; where applicable,
of each variable used in the program, -
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USAGE

Acams Integration Package is intended as the struetural basis of the user's
mein integration program; i.e., certzin blocks of Fortran statements must
be coded and added to the package in locations designated in this writeup
before the package can be utilized., These blocks include input, cutput,
evaluation cf the derivatives (ths £; mentioned under PURPOSE), tests for
stop conditions, critical point routines, and any other desired routinss.

There are four blocks in the main pro;ram, labeled A to D, that must de
f£illed in by the user, Entidies and exits to and from thzse blocks are taken
care of in the package; only the actual routines prescrited below are required.

Block A, Tiis is the first secticn of the program, preceding the package
Ttself, It includes the followiny forr parts, in addivion to any preliminary
rocutines desired by the user

1) The DIMENSION statement :mist inelude the entries YNoT(NDEQNS,5), YNTH(NDEQNS,S),
HACTVR(NTMACT ), ACTIND(NUMACT), where the symbols NDEQNS and NMACT must be
replaced by their numerical velues tafore compiling. The CO4ION statement
is sufficient as it stands unless subroutines added by the user require
angmentation of it,

2) Frequently, it is desirable to use mncumonie names for the variables and
derivatives., In tha} case, ene should write an EQUIVALENCE statenent as
1llustrated in thie example: Suppose three derivatives XDfT, D@7, and ZDET
are to be integrated to ootain X, 7, and Z, The following statemsut can then
be made:

EQUIVALENCE (X, INST (1)), (T, TusT (2)), (Z, ¥NST (3)),
(xpgr, ST (), (1ofr, ST (3)), (z0gT, ENST (5))

Note that the subseript for the derivative of any variable with subseript I
is (I +ND2QNS). If an EQUIVALENCE statement is made, all the elements of
the YNST(I, 1) array and YNST(I, 2) array siuould be ,ivVen symbolic names

to preserve the storage sequence established by the joint use of the

COMION and EQUIVALENCE statements,

3) Define mmerically, by reading input or by inssrting arithmetic statements,
tne following variables:

NDEQNS, NUMACT, (NACTVR(I), Is1, NUMACT), (YWST(I, 1), I=1, NDEQNS),
ADMKUL, TIHE, DTNMNL, DTMAY, DTMLE,

in accordance with the definitions in the table under METHOD., The array
YNST(I,1) now contains the initial values of the variables corresponding

to the initial value of time (normally zerv) cortained in TIME. The array
NACTVR(I) contains the numbers (from among 1, 2,...,MDEQNS) of the variables
to be tested in the halving-doubling tests. For example, if yj and y3 only
are to be tested; set

NUMACT=2, NACTVR(1)=1, NACTVR(2)=3.
ADMKUL is the desired relative local error in the integration. For example,

if a 1/2% maximum error is sought, ADMKUL = ,005, All other variables
appearing in the equations of the system are initialized here also.




) Write out any title and the initial values of variables as desired.
Variasbles to be output during intecration nesd not be output here, as
their initial values are output cn the first entry into Block D,

Block A is now complete and control must pass to statement 1, the
beginning of the integration.

Block Be This block conta’ns the differential equations of the systex and

mst begin with statement number 30. The equations must zive the present
derivatives YNST(I,2) in teras of TLIE, YNST(1,1), YNST(2,1),...,INST{NDEQNS,1),
and any parameters no%t used in the package itself but defined in Bloeck A.

The exit from this block must be GO TO NDZQEX,(k, 17).

L]
Block C, This block deals with eritical points and is divided into two main
parts as follows:

1) The first part must begin wita statement nunber 4G and detects whether a
eritical point (or terminsl condi tion) has bssn overtaken, If it has not,
control must be returned tc statesent number 10, I1If 2z critical point not
yet encountered has been cvertaken, DINEW must be computed (zenerally by
inverse interpolation) s0 as to hit tae eritical time exactly and control
mist reach a series of iwo statemsnts of the following form

SSIGN M TO Mo ITEX
GO TO 14

Any number of branches mey be used for the computation of DTNEW, but cach
must end with the above two statements, If an index is being used in

Block D to control output, this would he the place to set the index to

that valus whieh forces output at any or all critical points. (siltermatively,
if output 1s desired at all critical points, the index should be sot between
statements 17 and 18 in the package.) Control now returns to statement 1k

in the package and causes integration to the critical point and ouipute.
Finally, control returns to statement M as explained below,

2) The second rart of Block E contains any chanzes to be made in the equations
¢ the system or in any of those variables delined in the second part of
Block A after tne critical point 5as b sn attaineds A change of the first
type involves R switeh sething tnat cavses the desired branch to be taken
in Bloek &, while a cliange of the seccnd typs involves unly aritvhmetical
statements. For example, 2 resetiing ol the variatles may be nscessary
afier reaching a discontinuity, Ertry into this part cof the block is
aeffected by using statement numbers M correscondinz to lhe mumbers in the
ASSIGN stateassnts in the varicus cranchas ir part (1) of Bloeck C. This
requires the user bto fill out the list in statement 21 of the package
with the values of M vsad, This statement reads

21 G T NHTTEX, (eeeMeee)
Block C ends with the statement GF T@ 1, to which control must always pass
except on run terminztion., This return causes a restart of the integration
from the eritical point just attained,

If stop conditions have been met, control must pass to 2 section of t.te‘min



program to execute any sase-tarmination proesdures written bty the proiranmer.
Another case ean be computed Ly in effect repeating Flock A procedures and
passing to statement 1. When the complete job ls= finished, exit bty a CALL
DUMP or CALL EXIT statement.

Bloek D. This block contains any output routines desired. It must begin
woih statement number 50 and end with G¥ TS N#ITLx, (12, 20), to which control
maat always pas=,

With the completion of Blcck D the ucer is free to contime the prozram as
desired., The only restriction is that rno cther clatements may have numbers
less than 22 or equal to 30, L0, 50, or the values "M" used in Block U,

When the coding of the main program ic complete, with the package, blocks

A to D, other computations and monitor contrel cards all included, the deck
is prepared for compilation by placinz BIGSUL behind the main orogram along
with any other subrcutines ised. BICUUE is ready for compilation 2s recelved
by the user except that the symnols in the DIMENSIGN statement muist first be
replaced with numerical values.
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(MAIN PROGRAM)

DIMENSION statement

Y

Set initial value of
all variables:
NDEQNS, NUMACT, INST,
NACTVR, DTMAX, DTMIN,
DTNMNL, ADMKUL

ADAMS INTEGRATION PACKAGE

NSUB
=1

A

(BIGSUB)

Sei:v

STGATE=]1
MSTIDX=]l
DELTAT=DTNHNL
INSDBL=2

|

Differential equations

for INST(I,2), I=1, NDEQNS

NSUB
- 2

Compute backward

> differences YNST(I,K)
Is1, NDEQNS; E=3, L, S

NSUB

=3




(BIGSUB)

"
Set ADMELL= = ADMK

Compute ACTTND(I),

- W T Wa 1]
.-.“‘l, komACT

<DTMIN

< ADMKUL for

ACTIND(I),
all I

=1, NUMACT

Set HAVGTE=Q

i

oet
ADMCFY=0
ADHCF2=0
ADMCE 3=U
“ D ST =2
Set. "
L[> ADH(Flss
METIDX=3
Set
ADICT2=C /12

WMONT T =t
MET r=,

Set

ADMCFI=3/8

STCATE=Q

SADMKU L
or any R]
Set
HAVGTE=1

Halve DELTAT
Hodify YNTH(I,X)

T=1, NDEQNS; ¥=3,5

Set DELTAT=DTHIN

|

Modify YHTH(T,K)
I=1, NDEQWS, K=3,5

(MAIN PROGRAM)

for reintezration
and return to LOO

=




(MAIN PROGRAM) (BIGSUB}

est for
proximity of
critical pt.

Cl'it. ptvt n 't e =
c(1) { overtaken I/ b
Y NSUB Modify YNTH(I,K)
\ Set DTNEW to hit crit. time =9 L[> I=1, NDEQNSs K=3, 5
Set branch M in C(2) | DELTAT=DTNEW
— I7
I
I Set TLAE=PASTTM+DELTAT
| Compute integrated YNST(I,1)
I I=1, NDEQNS
|
15 - I
| |
2 : Compute backward
B leffyentlal NSUB | Idifferences INST(I,X),
3 equations for B 17} = 2 D'II-J. NDEQNS; K=3, &
INSI(I,2), I=1, NDEQIS | ’ = ;
'
I
() I
V I
Set index to force I
output at all crit, point |
l
output
D a is d | Transfer variables
aLRe NSUB | TIME to PASTTH,
= 6 I £ DELTAT to PASTDT,
YNST to INTH
| 1
/ !
L ST o o |
c(2) § V
¥ake changes,
if any, required
by this eritical

\ point.




(MAIN PROGTAM)

o

(BIGSUB)

Transfer variablss
> TIME to PASTTHM,

DELTAT to PASTDY,
YNST to YNTH

<DTHMAX

ACTIAD(I) ™\ SADMKLL for any|I
I-lj N—UI‘MC
\

Set INSDBL=2

Is=l,

Double DELTAT v
Modify YNTH(I,X)

NDEQNS; K=3, § Set TIMZ=PASTIM+DELTAT

800 Compute integrated
TNST(I,1), I=1, NDEQNS

10 - 1 ast
00 VGTE




