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I. ~ Introduction

SOLVER Is a root solver that provides automati c compilation.
l oadings and execution . It uses a simple version of Muller ’s method .
(se Q R 4~- --1-~- . SOLVER is intended for the occasional user who needs
root~. but balks at l earning to use sophisticated but compl icated
solvprs. which usuall y also recluire .consideruble additiona l
prog-anvning. The user need only supply the function to be 5et to
zero and the number of zolutionz desired. SOLVER is available on
the ,.RRY— l computer. and can be abtain~d by typing :

rILlem read 1222 ~.cray soiver (LF)enci / t v

This report corresponds to the SOLVER version of August 31,
1979. Later versions of SOLVER will be stored in FILEM directory
.cray of user number l2:~2. The user should periodically check the
date of this ui l~ (fi l ~ rn how 1222 .cr’oy solver) to see if the
program has been updated. The fil e SOLVER is a LIB fi l e ~ it
contains the latest sources as well as the lates t documentation.
To obtain the documentation , typG

lib solver(LF)x solv /doc (LF)end / v
netout [usc ] ,olv/doc box nnn solver / t v

A more robusi~ but mare complicated Muller subrouttae is MRAF .
CACM algorithm 196. Changes suggusted by J. Troub and the
ce-t i Iicat ion appeared in CACM January 1968 p.12. A FORTRAN
trorsiation was made and some remainin g glitch e s were removed and
new ieatures added by A.B. Langdan~ IJC Berkeley Febrary 1968. This
subroutine is used in t~ e ROOTS program (see Ref. 2.3). if the demand
is suffic ient , this latter subroutine may be made available as an
option at some future date.

Other root solvers are available on the MFECC CDC—7600; these
might be transferred to the CRAY by a user . They include ABEROOT, by
C.E. Seyler. which employs a global ~ewton methods and routinesRP~ERO. CPZERO for finding roots of real and complex pol ynomials ,
devel oped at LASL (see Ref. 5).



II. El ementary SOLVER

To run SOLVER, the user enters “solve r ” tollowa d by some
commands from the terminal. In this section. same basic commands
are In troduced:

< integer> —

Specify the number of roots desired (defaults to 1 and cannot
exceed 1024; this is referred to as n in the rest of this
report).

f tf lie name) —

Enter the function to be solved. If the function is to be
entered from the terminaL, the user should wait for the
prompt “ :“ to appear . The name of the function Is ‘1’ and
the argument Is “z” . The input format is assumed to be
that of FORTRAN statements. In the tty-input mode. input
is terminated when “f ” is the first non—blank character
followed by “ “  or a blank, or a slash Is the first
non—blank character of an input l ine .

go [file name or “tty ”] —

Compile, l oad and execute. At execution time , a number of
parameters can be set to override the default values.
If tty iS specified, the user should wait for the prompt
~~ to appear. Inputs are in the forma t of a NAMELIST

• (terminated by $).
Some of these parameters are:

• n — Number of roots desired (defaults to <integer>).
maxit — Max imum number of iterations per root allowed

(defaults to 100).
Knoij, — Number of Known roots (defaults to 0).
h — Initial distance be tween estimated roots

(defaults to 0.5).
• epi — Relative error tolerance on Z(i) (defaults to

l .e—12 which is also the minimum one con specify).
• ep2 — Error tolerance on f(Z(i)) (defaults to l.e—20

which is also the minimu m one can specify).
of — = 0 > Output results to tty only (default).

• I => Output results to tty and a disk file.
2 => Output results to a disk fil e Onl y.
3 => Do not output results.

See Section III for the name of disk file.
y — Array for initial estimated values and resul t of

roots (defaults to 0).
dbug — S > Drop file deleted after execution (default).

I => Drop file retained after execution .

xeq [file name or “(ty ”] —

Execute the generated program again withou t recompiling it.
See the command “go ” for details.

savQ f <file name> —

—2—
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Save the function into 4~ , ’ fi l@ (file name> which can be read
by using the corwicirid ‘ f ’  later.

lcbin -

Keep the binorq l~ Lrciry Lolv/h/l ” in the act~ v~ file area.
11 SOLVER i~ h@iri~ using of4pn. this step conserves computer
effor t (the Crj~~k of ex t r act in g “~ a1v/b/l ” from th~ l ibrary
file each time IS eliminated ) .

end -
Terminate SOLVER.

Examp le 11 .1:
Most common syntax

user: 5olver / 2 �
rout i ne : ~4~4~* root solver 79.08 *~CK
routine : extrcic~~inq 5ol~~/b~’l
routine : c E~/2O T9 l2:~ 9:32 001222
routine/user : ~3routine/user : >f
routine/user : : = — 2.
routine/user : >go
routine : conp ili ng and l oading
routine : FTOO4 - CFT VERSION •- 137/14/79 SCHEDULER
routine : FTC1O1 — COMP ILE TIME 0.8065 SECONDS
routine : i~ */,’~ ~ro~j loud~r c~ r5ion — c121 @7/05/79
routine : eXe~~u 4 i n g
routine : roo+s:
routine : ( @ 3o-’-00 ,
routine : i. -l.OU&)0000008e+OO . 1.?320508575?e+O@
routine : ( -1.OUfJ008 080013e +O0 . —l .732@588075?e+0O
routine/user : >eriri
routine : all done

Example 11 .2:
Al I commands on e~’ecute 1 ing

user: colve r 20 f go end / 2 3
routine : 4 1  r o o t  so lc ’er 79.88 ***
rou t ire : e~ 4rnctin q solv ’h/l
rout ine : C 8.’/20’?9 12:39:32 001222
routine/user : : f CSl f l  I z
routir,e : com~ i 1 i r - ~ arid l ending
routine : F T[)~J4 

- CFT VEPSION — @7’14/79 SCHEDULER
routin e : FT -• COMPILE TU1F 0.8061 SECONDS
roij tj np ~~4 4  : r i j  l n i i r r -  ‘~‘9rsion 

— cl2l 87/@5’79
rout ine : ~~~e c u t i f l g
rou ’j n e : roo ’s:
ro u t  ,ne : ( 

~~~~~~~~~~~~~~~~ t).~~~ flOg~ POOUe-el )ro,j t~~r~e : ( —
~~~~. :-i1L ~ :~’~ 4~~ -flM . 9 .3 i~i ’2’i~ 9 5e —2 1 )

rou t m e  : ~~~. ~~~~~~~~~~~~~ , -4 .287@6@32686e-3-~

—3—



routine : ( -6.28318530718e+OU • l.5578637162?e-25
routine : C 6.2831853@718e+OO , -l.81515384I1@e—l7 )

• rout ine : ( —I.25663?@6144e+@l , 6.9447@?3l794e—23
routine : ( I.25663?@6144e+Ol , —4.ø6?4386@262e—20
routine : ( -9.424?7?96@77e+88 , 3.3613l166524e—2?
routine : ( 9.424~’7796@77e+@@ , 4.33163@59989e l9
rout ine : C —2.5132?4l2287e4-Sl , 2.447@828156@e—24 )
routine : ( 2.5l32741228?o+@l • 2.469492675?6e—19
routine : ( —2.l99ll48575le+@l , 2.31592585486e-23
routine : ( 2.19911485?5le+S l 3.54l615@76@4e—17
routine : ( -3.455?519l895e+Sl 9.21324326552e—27
routine : ( 3.4557519l895e+O l . ?.42544852651e—19
routine : ( —l.83495559215e+Sl —4.65537034333e—22
routine : ( 3.14159265359e+O 1 . 3.344992l6701e l6
routine : ( 1.684955592 15e+8l • -1.3@075@28143e-26
routine : ( —4.71238898538e+Ol , l.40258535984e—l5
routine : ( —4.3982297l5@3e+Ol , 5.5@25?927l88e -2@
routine : all done

If the user wants roots in some kind of order, and hopefull y
with none skipped. the user mu5t provide proper initial guesses for
the y values. It is also possible to ask the roots  to be reordered
by the user subroutine (see next section) .

—4—
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III. Intermediate SOLVER

It is sometim9s desirable to find different cots of roots of
a function with parameters assuming different val ues. SOLVER provides
this capabili ty by allo w ing the user to supply a subroutine. The
structure of the main program con~ ist~ of the followin g :

40 cont inue
cal l <the subroutine>
if ( l (30).lt.0 ) call exit I dbug
cal l <mull er to find roots>
Lrite <results>
go to 40

There are variables which are comr,~on to the main program, the
function and the user—suppli ed subroutine for the user to use
tney are :

integer 1(30)
comp l ex c(38), p (l@24.l8S)

These var i ables can be read in either from the terminal or from
the input file during execution. As the user may have noticed,
1(30) is the control ~ariable for l ooping to find roots. The
l oop Stops when 1(38) < U.

It is possib le to “fol l ow ’ a root as parameters
change by careful programming of the option subroutine , but the
user must imp l ement thi s him /herself.

Several I/O units are alSo available In the subroutine:
59 — Terminal ~tty ).@5 — Input (exists only if “go <file name>” or “xeq <file name>”

IS given — logical unit 5 is connected to the file
<file name>).

@6 — Output (file name is “rout ” with the current suffix and
a letter appended . Exists only if o f= 1 or 2).

Libr aries such as DISSPLA . TV8@LIB. FORTLI8 and BASELIB are
linked at l oad tim e automaticall y. However, the user may call
subroutines from other libraries; SOLVER allows the user to add
and/or delete libraries at load time .

The fol l owing are add itional commands available in SOLVER:

sub ~f il ~ name ] —
En&:~r the subrout ine . All input forma t and termination

rules -~ r-e s i m i l a r  h- the command “1 ” in Section II.

— 5 — 
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saves < file name > -

Save the subroutine into the fil p < f i le name> which can be
read by us ing the command “sub ” later .

al ib [lib name ...] —
Add libraries at l oad time . This command is terminated by

• the carriage return Key . the l ine feeJ Key. or the escape
Key.

dl ib [lib name . .. ] -

Delete l ibraries. The syntax of this command IS the same as
that of the command “al ib” .

<else> —

If the input is the name of an executable file . SOLVER will
run it as a controllee . This iS useful when using
a text editor to modify the function , the subroutine or
the input fil O , or using DDT to debug the program.

In this case. the rest of the input lire is passed to the
controllee, i.e. any command following will be lost to
SOLVE R

Example 111. 1:

user : so l ver / 2 2
routine : *** root solver 79.08 ***
routine : extracting solv/b/l
routine : c 07/28/79 12:39:32 081222
rout m o/user: >3 sub
rout ine/user : : data 1(30) /3/. c(l) /64./
routine/user : :c
routine/user : : 1(35) = ~(3@) -routine/user : : if ( l (30).lt.0 ) return
routine/user : : cli) = c(l) / 2.
routine/user : : writo (59,lOO) d l )
routine/user : : 100 forma t C “cli ) “ , 2fl4.6
routine/user : :/
routine/user : >f go ord
routine/user : : f - z**3 — c (l)
routine : compilin g and l oading
routine : FT@@4 — CFT VERS ION — 07/14/79 SCHEDULER
routine : FT@01 — COMPILE TIME 0.0136 SECONDS
routine : *** cray l oader version — c 12 1 07/05/79
routine : executing
rout i ne : c l i ) = 32.000000 0.080000
routine : roots:
routine : ( 3.17480210394e+00 ,
routine : C —i .5874@lO5l97e+@@ . 2.74945927408e+0@
routine : ( -l.5874@l@5197o+@@ , —2 .74945927400e+0@
routine : c(I) 16.000000 0.008800
rout ine : rootS:
rouf ine : C 2. 51984209979e+00 . —4.l7757316897e-28
rout ir,e C -l.25992l04989o+0@ • 2.l8224?27194e+@@

—6—
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routine : C —l.25992l04999e+00 . -2.l8224727l94e+08
routine : cli ) 8.000000 0.000000
routine : roots:
routine : ( 2.00000000808e+00 . 2.44343:58944e-46
routine : ( —i.00000080000e+00 , l.73205E180757e+0@
routinO : ( —l.00000088000e+EI0 . — l .732215830757o+80 )
routine : oil done

Examp le 111.2 :
Deleting the default grarhic libraries which ore not used

because no plots are mode .

user: solver / 2 I
routine : *** root solver 79.88 ***
routine : extractin g solv/b/1
routine : c 07/28/79 12:39:32 801222
routine/user : >dlib disspla tv8Siib —

routine/user: >2 f go end
rout m e / user: : f = z**2 — 16.
rout m e  : compilin g and loading
rout m e  : F1004 — CFT vERSION - 07/14/79 SCHEDULER
routine : FTciOl - COMPILE TIME = 0.0063 SECONDS
routine : *** cray loodor version - c i2 l @7/05/79
routine : ***warning-unsatisfied externo1s*~ V
rout m e  : executin g
routine : roots:
rou t ine  : C —4.00000008008e+00 . 2.0194939i737e 28
rout ine : C 4.08020000008e+88 , G.45?l8332361e—42
routine : oIl done

— 7 —
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IV. ~dvanced SOLVER

This SOct ion introduces the p lat l ing capab ility of SOLVER .

A. Plott ing Roots vs. One Parameter

SOLVER can plot t he roots of a function vs. a user defined
parameter whose val ues ore to be stored in x. a real array of 5iz9
1024. To do so, the user hao to set the variable “p lotmo de ” to  l~
2. or 3 depend i ng upon the destination desired for the pl ot (see
below) and must ass -~gn values to x in the subroutine (see below) .
Several parameters are included far the user to 5et at execution
time ; they are:

plotrnod e — 0 => No plo (default).
1 > Fr88 fi l e.
2 > Printer f i l e  (always called “di~~out ”).
3 > Tektronix.
I f the value “eoc for plotmode is positive , the user
can cony the va l ue of piotmode between 0 and a
pos it iv e integer dyn amica lly. The user assigns a
pos itive number to plotmode onl y for those roots
h~/~he ~,ant s to plot. The number of abscissa values
pl o t ke- ~ is the number of times the plotm ode is found
to be posi tive upon return from the subroutine .

p lot id — Dependinr~ on k h c ?  dest inn ’ ion. p l o t i d  has different
interpre to t ions . If p l.~t mo1o is
1 (frBO fi i e ) > Name a’ this p l o t in not, more than

3 or icters.
2 (printer file) ) Nc-no~~r of characters per~ line

(integer).
3 (t ektr~ n ,~~) => T~ e rcjua rr~f c (inteqer).

Id — In less ‘h - ~r 7’~l ch-~ rnc ’= r r ,  ‘‘~i5 ~s tb~ box and id.

mopset — - 0 =>  A linear-I 1r ~~ (default ).
1 ‘“> ~ I ~r o r — l c ~ p ni-i” . y log ).
2 =~ ~ ;o~ — 1 j r ~~ .ar p l- ~’ ~ ‘i~~ r . log ).
3 > ~ l oa—l ’~~ p lc .

xs i ze — T~e lor - q tt - (ir inches.’ of the x-ax ,5 (defoults to 6.8).
DISSPL A cor-~ ert ions for “ i c rhe 5 ” ore ?r p oyed. i.e. the
“page ” is as~ unecJ to be 8.~~~ll i nCh9s.

ysize — The length (in irches) of the y-axis (defaults to 4.5).

gri ds — 0 =>  ~a grid (default).
1 “> Gr id.

x — The user con olso input the val ues of - from tty or from
the input t i l e .

—8—
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The program s’ruct re row loo~ z ic follows :
48 COntinu~

call <the zuh ruu ’ in@>
if ( not tre first tim e an-I plo tmode  > 0 ) co il <store y>
i f I 1 (~~]).lt . ~ ‘ go to ‘0
call <mull er ‘a find ‘ootS>
writ e <result )
go to 40

78 continue
if C plot dec ir-ect ) coIl < plot>
call ex it ( abi g

The graphic5 libr ary used is DISSPLP. All worning or error
messages. if any. wi l l  be ~~n+. to the fi l e  named ‘disout” . The
maximum number of r o o t s  which can be p lotte d Is 25; however. since
D 1S~ PLA has only 15 different symbols ~o distinguish differ ent
curves, the user is odvis~ d not to plot more than 15 roots.

The p lot t~~o output includes:
( 1 )  The con ten t s  of  ~ht. input f i l e ,  if there IS one.
(2) The reai par t of the roots vs. t he parameter Cx).
(3) The imoginacy part of the roo ts  vs. the parameter ~x)

The size of a page is assumed to be S.5” x l l ” , regardless of
oJ tpu t medium selected . If posaible . SOLVER will p lace items (2)
and (3) an one page . The r,io.~ imum s i z e  of graphs to be plotted
two-to—a—page is 6~~~L5 (or 4.5” xE for side—b y—s ide plots ).

For an frBO f~~lo. tLe user roust do either of the followin g
after findin g out the name of the frE@ fi le :

(1) n et plot  [usc]  <frOO fi l e >  [1.] [turn.] / t v or
(2) netout a <frOO file>  b. .‘ t V

(then l og— o f f  tho CRIiY— 1 and log-on to  t~~e 7500 and view the
plot f i le  or a t c ~V~~r-on ix by FR8OPLOT).

These operations (without the tim e and value ) can be done on the
same Suf fix under which SOLVER IS runinirt g .

Example IV .A.l (see Fig. IV.A .l ):
A “ back—door ” ~~~ to plo t sin (x )  using SOLVER

user : solver
routine : **+ r~~~t solver 79.08 )$~**
rout m e  : e’~ Ir oc t  iri g solv/b/l
rout ine : c 0 ,/ 22~~~ 20 : 19 : 4 1 001222
routine/user: >Sub
routine/user : : equivalence C ixind,l (29)
rout,ne/u~ ur : : Hrita l(~~~) /21/, ,xind /0/
rau ’ mne/user: : data p i /3.1415926535/

•) U 1 I r,e ‘~~ s~=r : c

— 9—
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I

rou t ine/user: 1 (~~ii) = 1(30) —

routine/user : : i v ri d = i~~ird + I
routine/user: : x t i . , nd) .2 ~ pi + C ixind — l
routin e /user : :/
routine/user : >f
routin e/user: : c. ] u I ; c i l C - c  ( i - ~ini.l (29)
routine/user: :c
routine/user: : — Sin ( x(i~.:ind !
rout ine/user : >an tt y er d
routine : compilin g cad loading
rout ine : FTOO4 - VEPSIUN - 07/14/79 SCHEDULER
routine : FTOO 1 — C O M P I L E  TIME = 0.0130 SECONDS
routine : * + ~~ cray loa der vCrsion — cl2l 07/05/79
routine : execu ing
routine/user : -p~ otmocle 1 ~;
routine : roots:
routine : C O.00008000800e-cii . 0.008080Ei0009e-01
rout ine : rcct~~
routine : C 5.S7’~’85252278e—01 . 0.00000000800e—5i
r-o~~tin e : roots:

( 9.51O565l65~ 4i--0l . 0.00090000000e—0l )
routine : r uts :
routine : ( ~r .5l0565163l2c—0l .
routine : roc~ s

• routine : ( S.87785252351e—01 .
routine : roots:
rout ine : I O.37949006965e—ll —l.893266l?253e—29
routine : rOots
rout ine : C -5.87?’95252205e-Ol . 6.31088724177e—30
routine : ro ctc:
routine : ( —9.5l0555l5255e—O1 , —2.24297754202e—44
routin e : roots:
routine I —9 .5l955515340e—@l . —4.@8415998527e—53
rout ine : roots :
routin e : I -5.87785252423o—0I . —4.2l6879l7729e-3i
routine : ioot:
rout ine : C -1.7955992l393e l0 . 4.25795994001-109
rout ire : root .:
routine : ( ~

, .87795~~ ?l33c—O l — 1.51273121574—123
routine : roots:
routine : ( 9.5l0555IE229e-Ol . 1.07486017721—137
routi ne : rojtc :
routine : C 9.51056516357e—@l , 1.58613441594—146
routine : root s :

• routine : I 5.Or’T0 2c1°6c-—Ol 7.1l282799835 151
cj t inc : ro ts :

routine : ( 2.69 64I5Eli379e - - - lO . —l .262l7744835e—29
rout ine : ‘-c O t s :
routine : C --S.8778525206O~ — 01 . — i .252l~744835e—29r jtinc. :
rout inc : C —9. 510565i52@lc-—Ol . — I . 2 ~ -4d~~ 52 S 9 l e — 5 7
routine : i-ou t - c :
routine : C —9.5105551!795e-OI . l.35835186l82e—7i )
r c , 1  ire : roof s:

— 11 —
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routIne : C -5.87785252569e—0l . 0.00088088888e -8l )
routine : roots:
routine : ( -3.59l?9842?96e—l0 • 0 .@8 0 0 0 0@ @ @0 8~~-0l
routine : all done

Some users may prefer the following equ ival ent forms for
sub and f:

Cl ) ~ub 
—

• data 1(30) /21/, pi /3.1415926535/
1(30) 1(30) —

x C 2 l— l C 3 S ) )  = .2 * pi * C 20— 1  (30)
(2) f -

f = z — sin C x (21— l (30))

The user may specif y “of=3” to suppress the listin g of roots.

Example IV.A .2 (see Fig. IV.A .2):
Another M bacK_door~ function plot , on log-log scales this time

user : solver sub f go tty end
routine : *** root solver 79.08 $OK*
routine : extracti ng solv/b/l
routine : c 07/22/79 20: 19:41 001222
routine/user : :c note that we want a log plo t s so we do not
rout ine/user : :c plot points with negative values of the
routine/user : :c parameter .
routine/user : :c
routine/user : : equivalence C ixind.1 (29) ) .  ( xnext .1C28)
rout ine/user : : data 1(30) /11/. ixind /—6/
rout ine/user: :c
routine/user : : 1 (38) - 1(30) — 1
rout ine/user : : plotmode ixind
routine/user : : if C ixind. gt .0 ) x (ixind ) - xnex(
routine/user : : ixind ixind + 1
routine/user : : xnext ixind**3
rout ine/user : ~/
routine/user : : equivalence C xnext .l(28)
rout ine/user : :c
routine/user : : f z - x n e x t

routine : compiling and l oading
routine : FTOO4 - CFT VERSION — 87/14/79 SCHEDULER
rout ine : FTOO I - COMPILE TIME 0.0153 SECONDS
routine : *** Cray l oader version - cl2l 07/05/79
routine : execut i ng
routine/user : —plotmod e= I mapset 3 xsize 4.5 ysize=6.0
rout ine/user : -plot id= ” test” id= ”b22” “stephen au—yeung~ S
routine : roots:
routine : C -1.25000800000e+02 , 1.3?00l788954~ ’24
routine : roots:
routine : C —5 .40000000000e+O l , —3.0l829413028e—50
routine : roots:
rout InC : C —2 .70000000080c+O l . —3.ll734638l89~ —67
rout inc : roo t s

— 1 2 —  
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routine : C -8 08000000800e’s’OO . 7.67045853953e-93
routine : roots
routine : ( —l.00000008000e+00 . 6.16896886431-110
routine : roots:
routine : C 3.02922587605e-28 . -1.61229026582-13?
routine : roots
routine : C I.00000000000c+C0 . 2.17056234129-165

• rout ine : rOoto
routine : C 8.08000C09g000-~-0h . -l.?534474~’92:-l 91
rout ine : rootS :
routine : C 2.70800000ElOOe+@1 . -2.39941662484-218
rout ine : roots:
routine : ( 6.40000@80000e-s- l~ i 5.63600517340-231
routine : rools :
routine : I 1.25@0@OOO@O0~.+O2 . —3.995995@3859 256
routine : all dune

user : fi l p ~
routine 13)5 rue fIOSraCx
routine : all done

user : netp lot usc fl05ro0x I . box b22 steve
routine : des tinat ion : ucb
routine : 4 frames of ou ’put processed
routine : fl05i =uElx file id is: ste.’e — rxucb/rz
routine : o il dcrle

Example JV.A.3 (see Fig. IV.A.3 ). by Y.J. Chen :
In a ld par ticle—h ybrid ~ imulat ion of the l ower—h ybrid drift

• InStab i l i t y  (LHDI) in a uniform magnetic fiO ld . the q~~iet start
Maxuellian l oader was used to set up the warm. unmagnetized ion
particles. Dispersior relations for the LHDI and the multi—beam
ins tabilitie s were obtai ne d from SOLVER. Ini t ial ~uezses for roots
were made in order to determine the approximate frequencies at
which the desired roots should be obtained .

user: 501 cr ul ib lhdmbi (LF1 f disper sub mbi lhd go imbi lhd
routine : **i: root solver 79.08 4osi-s<
routine : e~ trc 1cting solv/b/I
routine : c @i’/22/79 20: 19:41 001222
routine : comp iling and l oading
routine : FTOU4 - CFT VERSION - 07/14/79 SCHEDULER
routine : FTOO 1 - COMPILE TIME = 0.8129 SECONDS
routine : **4 i-roy l oader version - c121 07/05/79
routine : exocuti nq
routine : routba iS the output fil e
routine/user : >n e fp lot tlOSro@x I . box b it yjchen
routine : dest ,n-,ticn : ucb
routine : 6 frames of output processed
rout ine : fl05ra@x f i l e  Id is : yJcher - rxucb/la
routine/user : >er,’j
routine : oil dc-re

The contents o’ the va”ious files are:

‘-14—
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If-)- - t,z

ci
0* 0

0 -
~~~~

ci
0

If)
0

a

~~ 
G

LL,. D
u’cE a~0* 0

0

Lf)

U

0a -
~ ;

V)
— ‘C’-,I I

hilL... •~~~~~~~ - - 

() • () 
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I~1flG (ROOT)
—0.0021 .000 0.002 0.004 0.006 0.008 0.010 0.012 0.014 0.016 0.018 0.020 0.022

I I I I I I I

U,

0
0

-lB (0
c-n

0
ci

~~~~~-tl t~~
. 0

‘
~ 

J~~ c.n
-i o
°
-
< r~

fl cin
~ 0

0

~n . 0c-n

0
ci

9’-
C-n

o
ci
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(1) disper —

real v(1).lambda
complex fsum(1 )
equ ival ence Cv ( l).p (l.33)). (fsumll).p (1.49))
equivalence (xel.cC8)), Cxe2w.c(9)).. C vcK.c(18))

- - equ ivalence (ngr.I(2))
C

fsum( 1) -ngr*( 1 . -I-~el+xe2w/(z—veK))
ngr2 ngr/2
do 10 i’2.ngr2+l
fsum( i) fsuml i— 1)-I’ l ./C (z—v( i—i ) )*C~ —vC 1—1)))

10 cant i nuue
do 20 i ngr2+2.ngr+I
fsum (i)=fsum (i—l )+L/C (:—vCi—l)) *Cz—v (~ —1)))

20 continue
f fsumCnqr+l)

(2) mb ilhd —

a appears as the subroutine “vvsetup ” in the “solver ” .
c calculate the dispersion of the lower hybrid drift instab Ility
c including effects of the multibe am instabilit y due to the quiet
a start.

real xxC 1) .vx C I) ,v( 1) .k,Kmin .Klast
real ln i. i t i ,  lSi
real l ambda
equ iva l ence (xx (1).p (1.l )
equ ivalence I vxll ).p(1.l?)
equ ival ence C v (l).p (l.33)
equivalence ( vti .c (l)
equivalence C vd.cC3)
equ i valence C wpc.c(4)
equ iva l ence C vte.c (5)
equivalence ( vc.cC6)
equ iva l ence C rm.c(7)
equivalence C xel,c (8)
equ iva l ence I xe2u.c19)
equivalence C veK,c (I0)
equivalence C b.c (ll )
equivalence ( dI< .cCl2)
equ ivalence C kmin ,c(l3)
equ i valence C Kloct .c (l4)
equ ivalence C lni .cC l 5)
equ ivalence C l~~i .:Cl6 ) )
equivalence C l s i . c C l ’ )
equ i ’- a l e r-•ce C ne.c (18) )
equival ence ( no.1(1)
equivalence C ngr .lC2)
equic ience C npts .1(27)

C
if ( l (29).ne .t~ ) go to 28
i(3fi) CK la st—kri ~n cik+I.5
opts 1 (38)
uni t e (G ,l ) nn .r-,nr- .vt&.~)~ c.vto,rm .d~(,Kmin .l.-los t.

• lr~~.1 
$ i. si

— 17—



1 formot (// , ” ion: ’ .// ,~ nn ” ,i l5.~ ngr.” .ilS. ” v11 ”,e14.5,/,
electron :N .//.

wpc ” .e14. 5. u v~e ” ,el5.5,/.
moss rat i o .  rm ” .e22.5. ///.
ciK- ’ .e15.5. ’ Kmin- ” .e14 .5.~ Klo5t ~~ ,e12 5./ .
ln i= ” .e14.5. ’ ! t i ” .e15.5. ” l s i = w ,el5.5.///)

C
C set up the mu ltibeom

vmax 5.*vt i
dv vmax/(nn- 1)
xx Cl ) @

do 10 i 2.nn
‘_‘v ( i—l .5)*dv
fv exp C— .5*(vv/vti)**2)

10 xx (  i) xx (i—l )+fv
C

df xx Cnn ) /ngr
i— I
i i rngr/2+l
i2~~i 1—1
do 12 i l . ngr.2
f v i*d f

13 if( fv. lt. x~~Cj+l) ) go to 14
j-j+l
if ( j.gt.nn- 1 ) go to 25
go to I3

14 vv—dv*C ~— I+I fv—xx (~ ) )/C xx (~ +l)—xx (~ ) ) )vx(i1 )~~vv
vx ( i2) —vv
l1~~i 1+1

12 i2•i2— l
25 Continue

C
ngr2 ngr/2

C Change vte to the electron larmor radius
27 Continue

wcei sqrt (wpc/rm)
uc i i uce i *rm
re vte*wcei
ve vt i*vt i* (ini-t l t i)*wc i i

i te (6. 100) uc ii. wcei . re.ve
100 (ormat (” wc ii = ” .e13.5,~ tjcei= °.el3.5.~ re ’,e16.5.,’,

U ve” .el 5.5. //)
28 continue

1(29) — 1(29) + I
1(30) — 1 3 0  —

If ( l (3@).lt .0 ) go to 36
C
C Cal culate coefficients of the dispersion relation

K Klast -l (30)*dK
w n i t e (6 .2 9 )  K

29 formot (//. ‘KU~ .e12.5)

~(l(29)) — K
do 30 i 1.ngr

-18—
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uCi)=vxCi) *k
30 continu e

veK “vc*K
bK~ vte*K
b bK*bK
mm n

C
if C b.eq.8. ) go to 32
bi@”bessc i (0.b)
b i l b e ~ sc i C l , b)
l ambda=b i O*exp (-b)
o ( 1.-lambda )/b
f l e=b* C l.-bil/ bi0 )
go to 33

32 l ambdol .@
a’”l.0

c3 xe l a*wpc
ri i m i  — l~~i*Il. — fl~~) — lti * fle
xe2u=wpc*iambdo+ :rl i/(K*ucei)

c guess the roots foe’ the first time only
if C l C29) .gt.l ) go to 36

C
,~ 

=2
35 con t inue

if ( ~.gt.m in0(rigr2.mm ) ) return
Jl’”ngr+l—J— 10

$ y (j)=vC ~~l)--cmplx (@...00l)
J =j+l
go to 35

C
36 con t inue

do 40 J 1 ~ rnm
y CJ ) cmplxCr eal (y (J)).absCaimog (y CJ))))

40 continue

(3) i mbi lhd —

n 4  maxit”’300 h= .0f1002 of =2
l C I )~”l63B4 1 (2)=lb3C4
c(l) .14l4 l c13 )=0.0 c(4)”l.O
cC5) ’@.OO cI6)”’0.0 c(7) l600.@ cCi2 ) @•5
cCI3)=3 .O c(14)=7.0
cCl5)= .075 cCl6)=0 .0 cIi7) 0.0

I ) C . 002. .00 1)
plo&rnode l 3lo t ici = ”lhd i ” id ”box b l i ”  “y J chen~
xsizo=9. ysizc=6.75
S

I C 1 ) nn . lC2Yn c r for giving y C~~) in inpu t file
c~~1) ut , cI3)=vIJ. c~ 4)=wpc
c ’5)=vte, c (6)=ve. c(7)=rn. cCI2)-’dK
cCl3 )=Kmin . c (14)=Vlac
c (15)=i ni, c C IG )= l +i , c (I?) lsi

—1 9— 
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B. Plottino a Function vs. One Argument

SOLVE R ~an also plot a function vs. x. the real array
described in Sect ion IV. A .  To tell SOLVER that the user wants  a
plot of the funct ion rother than the roots of the funct ion.  the user
need only assign the va lue 4. 5. or 6 to plotmade from the terminal
or from the input f i l e .  The dest inii t ion of the output when plotmode
equals 4. 5. or 6 is the same as that when plotmade equals 1.
2. or 3. respectively. All other variables but “of” retain the some
meaning and usage. The only outpu t is a plot in this case .

Also note that within the function f. z iS equivalent to x (i)
where I corresponds to the number of times the function has been
called . The structure can be viewed as follows :

40 Continue
call <the subroutine>
if ( not the first time ) call <store y C l )>
if C lC 3 O ) . l t . @  ) go to 70
i~~~~i + 1
y ( l)  f C x C i )  )
go to  40

70 continue
call <p lo t>
call exit C dbug

Examp le IV.B.1 (see Fig. IV.B.1):

user : solver f fl/s sub si/s go gl/d end
rout m e  : *** root solver 79.08 ***
routine extracting solv/b/l
routine : c 07/22/79 20: 19:41 00 1222
routine : comp ilin g and l oading
rout m e  : FTOO4 — CFT VERSION — 07/14/79 SCHEDULER
routine : FTOO 1 - COMPILE TIME = 0.0129 SECONDS
routine : *** cray loader version — c 12 1  @7/05/79

routine : executing
routine : all done

The contents of the var i ous files are:

(1) fl/s —

equivalence C ixind ,l129 )
C

f sin C x ( i x ind)
C
c the above l ines for the function f are equivalent
C to the following alternative line
c f = csin ( z )

—20 —
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(2) si/s —

equivalence ( ixind.1(29)
data l(38~ /21/. ixind /0/

C
1(30) = 1C 30 )  -- 1
ixind ixind + 1
xlixind ) = .2 * (i y in d— l

(3) g1/d -

1 ( 3 0 ) — 6 l
plot mode=4 gr ids=l
of =3
$

C. P lo t t i ng  Roots (a Function) vs. Two Parameters (Arguments)

A pair of contour plots will be produced in this case . The
second parameter (arqument) iS to be stored in w. a real array of
Si~~9 1024. The user should store values into x and w ifl the
subrout ine. In addi ti on to x and U. tuo more variables hove to
be set at execut ion time : they ore:

nx — Number of elements in x (defaults to 1024).

nw — Number of e1emeru t~ in w (de fau l t s  to 25) .

If the product o f ox and ow is greater than 1024x25 25600,
nx and nu will be set bacK to their def ault values. It is important
that us be the mare rapidly varying parameter of the two (x is the
s lowl y vary ing porarn~ ter ). This point w i l l  become clear upon
exam ina t ion of the examples which follow.

Example IV.C .I (see Fig. IV.C.l):
In this example.. the fastest qn-owin g “ tiltin g mode ” root of

a weak ion ring — plasma sys tem is id entifi e d and contours of its real
frequency and growth rate norma l i2ed to the ion cyclotron frequency
are plott ed as functions of two parameters. These are tfr-~ ring
strength “qr ” and the bacKground plasma density “ zni ” . .garithmic
scales are used. and (in the stable region at the l ower right ) the
frequency is set to zc~-ro when the growth rote is essentiall y zero.
since there iS then no “fastest grow ing mode ” . Note that t he roots
are reordered since the contour plotter can only plot one root. and
we have not arranged to “ follow ” individual roots as parameters
change . The constant “cay ” depends upon t he differ encin g scheme
being used. (A . Friedman . unpublished )

user : solver f fG/s sub ~5/~ go qG/d
rout m O  • : -i~~* ro~~& solver ~9 .O8 ‘K**
rout m e  e-~tract~ rg solv/b/l

— 2 2 —
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rout ine : a O ’/Z~ /-’9 I l:2 l :l ’~ lWi12~~
rout m l ’  : co mpi l i r - q arid l oci dir ;
rout iflO : FTOU4 - f I VEI ,SI IJN - 1)7/1.-2’ ~~ ~3CHEDULER
rout m e  : Ff~IH l I 1 r ~~IL [ TIME = 1 c 4 ~ SE 1’H~~3
ro tw i ne ~ S ~ o’j I c~~c 1 r  YC~ idrI -- r 121 @~ .-‘U~ 7~routine : ox ’ :uting
rout ine/user: >n ot p i ot flOSroOx 1 .

- - routin e : box n bcr b22
rout ine : dC5ti~~~~iOfl ucb
rout ine : 6 francs of outp ut proce~ sedrou t ir~~ : f l O 5 r u~~< f i l G ’  ii l~~: f lO5r-og\ — rxucb/4 K
routine/user: >@nrci
routine : a ll done

The contents of the various fi l Cs are

Ci ) fE/s —

equivalence I qr.1 - 6) ).  C coy.1(27) ). I zni.l (28)
c

f = * +~ C l . -s-~ ) + ~*2 — qr -
~ ( ~ -‘<:/C . +2.~ ’coy /zr-ii

C2) zG/s —

equ i va lence  ( qr .1(2E~ ) .. c c i y . 1 ( 2 7 )  ). C zni .1(29)
equ ivalence C ipoint .l(29)
data cciy/.25/. ipoirit/0/. i(~~O )/—1000/

C
i f C l(30).eq.—1000 ) 1(30) = rx s’ nw
1(30) = 1 (30) — 1
i pO int  = ipoint + 1

c
ix ind = I ipo m n t— 1 ) / nx + I
znil ag  = C i x i n d — l )  / 10.

• zni = 10 l<*zr iilog
x l ix in d) znilocj

a
iw ind = mad I ip o int —i. nw ) + I
qrlorj C iuind— l ) / 10.
qr .36 * l0.*~:qrlog

- 

- w ( i w i n d)  = qrlocj
C
c sort the roots so that the fastest grow ing mode appears first

n = 4
c(1) = g Il)
do 2 iroat = 2. 4

if C aimog (LJ (iroot)).le.aimog (c(l)) ) go to 2
c l i ) = y (iroot )
y C iroot) = g Il )
y (l) = cli )

2 continue
C
a se t root to zero if qnouth rate iS below a reasonable threshold

i f C aimag C y ( 1)) .1 t . f l . O l  ) ij (l) = 0.

(3) gE/cl —

n’< ’- I niw 3I

j plo+ rnode- l  mapset=4
xSize~~~. ys ize 6.
of =3

~25T
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Examp le IV.C.2 (see Fig. IV.C.2):

user : solver f f 5/s sub s5/s go g5/d
routine : *** root solver 79.08 ***
routine : e x t r a c t i ng solv/b/l

- 
- routine : a 07/28/79 11 :21:15 001222

- routine : compiling and loadin g
- . routine : FTOO4 — CFT VERSION — 07/14/79 SCHEDULER

rout m e  : FTOO I - COMPILE TIME 0.0245 SECONDS
rotuine : *** cray loader vCrsion - cl2l @7/05/79
routine : executing
routine/user : >netplot fIO5roOx 1.
ro~itin e : box number : b22
routine : destination: uot
rout m e  : 6 frames of output processed
routine : flO5roOx file id j 5 :  flcj5rogx - rxucb/\;
routine/user : >er,d
routine : all done

The Contents of the various files are

(1) f5/s —

equivalence C ixind .l(29) ). C iwind .l(28)
C

f O
rsq = C abs ilx (ix ind))— .5 )**2 + •25*w C iwind)**2
If C rsq.ge.0.25 ) return
I - cmplx C sqrt(.25—rsq). sqrt (rsq ) )
i f C xCix m nd ) .gt .0 . ) f = — f

(2) ~5/~ -

equ ivalence C ixind.1129) ). C iwind. 1C28 )
equ ival ence C denx .l(2?) ).. C r~r nw, l (26)
data l(30)/—1000/. ixind/0/. iwi nd/25600/

C
if C lC3@).ne .—1000 ) go to 10

1 C30) nx * ow
denx nx / 2
denw = nw / 2

C
10 continue

1(30) = 1(30) —

if C iwiri d. lt.nw ) go to 20
ixind = ixind + I
xCixind) = 1.2 * C ixind —l —d en x ) / denx
iw i nd = 0

20 continue
iw ind iwind + I
uliwind) - 1.2 * C iwind— l—denw ) / denw

(3) g5/d -

plot mode-4
mopset-4
nx 81 nw 8l
xsize 7. ys i ze 7.
o f = 3
S
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APPENDIX I . The Structure of The Library Solver

As mentioned in Section I. SOLVER is a library that contains
all files needed by the SOLVER program.

Entering “solver / t v’ f.rom the terminal causes
“soiver/x ” . the first entry in SOLVER, to be executed. A clrop file
named +solver<s>, where <s> is the current suf fix (channel) that
SOLVER is running under - iS created . The next step is extracting
the binary library “solv/b/l ” from “solver ” (i f “solv/b/l~
IS not yet in the user~ z act ive file araa). The prompt “>‘  w ill
then appear and the user proceeds to enter com mands.

The rest of the files in the SOLVER library are : the  l a t e s t
version of this documentation and the source files. Some of these
files are par t of the SOLVER controller and the rest are used in
the generated program . A list of routines and corresponding
source files follows :

Cl ) The SOLVER controller program —

file name rout ine name

solver/s m ain. (the main program)
cnids/s izcmd
digi t/s digit
fexist/s f~ xi zt
funct/s get fct
m i te/s m ite
letter/s letter
prog/s putproq -

readf/s readfct
remove/s remove
savef/s savef
scncmd/s scancmd
sfmsge/s shiftmsg
symove/s symove

(2) The SOLVER generated program -

file name routine name

driver/s dr iver (the control routine ~f the
generated program)

curves/s curves
dest/s destin
moptyp/s maptype
root/s muller
ncyc/s nicyc
p l o t/ s  r oo tp la t
set- f/s sotfile
step/s stepsz
vvset/s vvsetup
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To mad ify SOLVER, the user need onl y recomp il e those source
f lies that ore modified and use BUILD In update ‘solv/b/l °. If
all the modified f il ~~ are in item C2) above , the user need only
update the SOLVER l ib rar t; “oolv/b/l ’ : r ihi ~rLise . the user must
generate a new ‘~~o1v~r - .  by uoirig LDR as fellows :

ldr i solvc-r/b .x solo’rr/> l ib sol- ’ zh - ’l :fort l ib

“solver/b ” is the binary obt oin~ d b 1j com piling main . (in f i l e
“solver/s ”) using CFT. If ‘ solver/s ’ iS not m odifi ed. solver/b u

can be generated ~~~
build 01. so1v/b/l~~LF)g. oolver/b (LF~ xq. mair.CLF) end 
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APPENDIX I. The Structure of The Library Solver

As mentioned 10 Sect ion 1. SOLVER iS a l ibrary that contains
all files needed by I-he SOLVER program.

Entering “solver / t v’ from the terminal causes
“solver/x ” .. the fir st ent r y in SOLVER.. I - : be executed. A clropf Li e
named +sc,Iver<z>. where <5> iS the current 5u ff ix (channel) that
SOLVER is running under. is created. The next step is extractin g
the binary l ibrary “solv/b/l ” from “Sol .~’er ” (i f “ s~ l c’/b/l ”
is not yet in the user’s act IVQ f il e  area). The promp t “ >“  w i l l
then appear and tI-ic user proceeds to enter commands.

The rest of the file s in the SOLVER l ibrary are : the latest
version of this docun iertation and U~~ source files. Some of these
f iles are part of the SOLVER controll er and the rest are uses in
the generated progra.i . A l i s t  of routines and corresponding
source files follows :

(1) The SOLVER controller program —

f ile name rautine name

solver/s main. (the main program)
cmds/s iscmd

• digit /s di g i t
fGxist/s fexist
funct/s getfct
m ite/s in it ~letter/s letter
prog/s putprog
readf/s readfct
remove/s remove
savef/s savef
scncrnd/s scancmd
sfmsge/s shiftmsg
symave/s symove

(2) The SOLVER generated program -

file name routine n ame

dr i ver/s drive r (the control routine o~ the
genera + ed program)

curves/s curves
dest/s destin
maptyp/s maptype
root/s rmille r
ncyc/s ncyc
p lot .-’s oo t p l c t
self/s so ’fi le
step/s stepsZ
vvset/s vvsetup
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To modif y SOLVER. ihr user need only recompile those source
files that are modifie d rind use BUILD to updat.e “solv/b/l ” . If
all the modified fi 1 ~ 

- ar . in item (2) above , the user need only
update the SOLVER I ibr -!i ~ “solv/b/l ” ; o1h rLis e. the user must
generate a new “sol’.v . b~ uoir q LOP as follows :

ldr i=salver•~b .~~ solver/~ , l i b = c c l , ’ - h l : f o n t l i b

“solver/b ” is toe binary obt oin~ d b~ com piling mai n . (in f i l e
“zolver/s”) using CFT. I f “~~olver/~~” iS r o t  modi f i e d .  “solver/b ”
car be generated bj:

build 01 . soiv/b/1 (LF)g. so1v~r/b (LF’~~c. rxiim .CLF )cnd

— JI—



APPENDIX II. Listin gs of The Source Files

The followin g is a listing of all source programs used by
SOLVE R~ files are current as of August 31~ 1979, and are listed —

In the same order as in the table above:

—32—



F-

1 c main program of solver
2 c
3 imp l i o i t  mntcger (a—z)
4 commor, /dahK/ KeepS initprm
5 data Keep /0/
6 da’o t~ r- m in /0/ 

—
7
8 integer rnsq (lO). sLJmbt4 ). type(4). len
9 c
10 integ er l ibuf (20). n l ib . buf (22)
1 1 data ~uf /“  i 4 ~b .x ” , “ =*x .1ib~~ , “solv/b/l ” . ‘ :disspla ” ,
12 . “ :tu80 l ib” , “ :f:rtl ib~

/
13 data n l ib /32/
14 equ i vcilencc C libuf(l), buf (3) ) —

15 c
16 a init ia l  izat  ion,
17 call dropfi lc C ~
18 call msgflag C msgset. 2
19 call rnsq l inK C 59. I
20 call mpromp t C “ > ‘ . 1 )
21 call msqtor C “*--t~f- root solver 79.08 ***“. 32
22 c
23 a extra ct binary modules from the l ibrary
24 If ( fex ist (libu fCl )) .eq. 0 ) go to 10
25 call mscJ&or C “ o-.t racting solv/b/l ” . 20
26 call ~nite C “ l ib ” . 60000000. 0.. ires
27 colt m~c~tcrc C “solver ” , 6. U @. ires )
28 call - -~~~fr -~ ( msg. len. 26, ires
29 call .~cqtor C mscJ. len )
30 call mzg toe C “ x solv/b/Y , 10. 1. 13. ires
31 call nsg fre C msg. In - - . 32~ ires
32 if C len .gt.5 ) call mscjtor C msg. l~~n )
33 call bypass C 1 - 1
34 call msqtoe ( “end” . 3, 1. 0. ires
35 call mscjfre ( mnscj. len . 16, ire~
36 c
37 10 continue
38 call msgtor C “ “ . 1
39 a scan commands
40 call scancmd C “*i ’ . lihuf . flu b, ternin )
41 go a C 20. 513. 40. 12. 40 ), termin+ 1
4? c compile root solver
43 12 continue
44 termin = 4
45 20 cont inue
46 call msgtor C “comp i l irq and loading ” . 21 )
47 call m i t e  ( “aft ” . 6fl~ 00@00O0, 0.. ires
42 call destroy C “*b ”
49 call bypass C 1 . 1
50 call msgtoe C “ i=*i .h =*b .l=0” . 13. 0. 0. ires
51 cu ll msqfrc C msg. len . 80. it’cs
52 c l oad roo+ solver
53 30 n on t inu c
24 ca ll m ite C “ldr ” . T I ~ i~D2. 0.. ires
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55 caU destroy C “*x ”
56 call bypass C 1 - 1
57 cal l msgtoe C buf. nl ib+16. 0. S~ ires
58 call msgfre C msg. len. 80. ires
59 a execute root solver
60 call msgtor C “executin g ” . 10
61 40 cant inuc
62 cal l m ite C “*x ”, £0008000OO, 0.- ires
63 if C ires.ne.0 )‘ go to  45
64 call bypass C 1. 1
55 nc — l
66 if C termin .eq .4 ) nc = 8
67 cafl msgtoe C initprm , nc. 0. 0, ires
68 call msgfre C msg . le n. 80. ires
£9 call getsymb C ~ym b . type. nc. msq. len. 4
70 if C symb (3) oo .” a l l ”  .or . symbC4).ne. ”done ” )
71 — call ms gI-o C msg. len
72 go to lO
73 45 co . nue
74 call msg +.or C “program riot yet generated” , 30 )
75 go to l0
76 a
77 c destroy temporary files
78 50 continue
79 call destroy C
80 call destroy C “*b”
81 cal l de5troy C “*x ” )
82 cal l destroy ~ “l*b ” )
83 ca ll destroy C “Sout ” ) -

84 call destroy C “di sout” )
85 if C Keep .eq.0 ) call destroy C “ solv/b/l ” )

call exit
87 c
88 end •
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_______ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~ 
-

log ical functicn d i q i t  C ch
2 m nteqer ch
3 c
4 c di git re t urrc true if ch iS 0 di g it
5 0
6 integer zero. nine
7 data zero / 60b /, nine / 71b /
8 a
9 di g i t = .true .
10 if C cI- .ge.zero .ond. ch.ie.n ine ) return
11 d i git = .false .
12 retu rn,
13 en d

—35--
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55 call destroy C “*x ”
56 call bypass C 1. 1
57 call mnsgtoe ( buf .. nlmb+ 16 . 0. 0. ires
58 call msgfre C rnsg. len, 80. ires
59 c execute root salver
60 call mnsgtor ( “executing ” . 10
61 40 cont inue
62 call m ite C “*x ” , 600013000130. 0.. ires
63 if C ircs.ne.@ ) ‘  go to  45
64 call bypass C 1, 1
65 n c = - l
66 if C &ermin.eq.4 ) nc = 8
67 call msgtoe ( initprm. nc. 0, 0, ires
68 call msgfre C msg.. len . 80. ires
69 call getsymb C symb. type . no. msg. len. 4
70 if ( symib.3) .r,e. “a l l ”  .or. symb (4) .ne. “dane ”
71 — call msgtor C msg.. len
72 go to 10
73 45 continue
74 call msg+or C “ program not yet generated ’ . 30
75 go to 10
76 c
77 c destroy temporary files
78 50 continue
79 call destroy C “4*i”
80 call destroy C “ sb ”
81 call de3troy C “*x ”
82 call destroy C “l#b ” )
83 call destroy C “%out ”
84 call destroy ( “disout’
85 if C Keep.eq.0 ) cal l destroy ( “solv/b/l ”
86 call exit
87 c
88 end 

-
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logical function d~qit C oh
2 inteqer ch
3 c

• 4 c digit re t urns true if ah iS Cl d ig i t
S c
6 integer zero, nine
7 data zero / 60b —‘, nine / 71b /
B c
9 di g it .true .
10 if ( ch .go .znro .and. ah .le.nine ) return
11 d i gi t .folso .
12 retu rn,
13 end
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integer function fexis t C name
2 implicit integor (a-z)

• 3 0
4 a checK if name i5 an e~~stant file
5 c fexist returns 0 > f I e  exists
6 a else > f i l e  not exists
7 c
8 call froeioc C iOC
9 fexiSt = izopen C ~ac. no~ne. len . acs )
10 if C fexist .eq.0 ) call izolose C icc. acs
1 1 return
12 end
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1 subroutine getf at C buffer. nl
2 integer buff erC9. l ). nl
3 c
4 c gets t he function or the subroutine and stores it In buffer .
5 c terminates when the fir - st non—blanK character iS f followe d by
6 c a blank or a equal sign. or is ci slash
7 0

• 8 logic al d igit
9 integer line (80)
10 inteqer blanK, equ. f, slosh
11 data blanK / 40b /
12 data equ / 7Sb /. f / 14Gb /
13 data slash / 57b /
14 a

• 15 call mprampt C “ : “ , 1
16 nil = 0
17 20 aant ir,ue
18 nl n l + 1
19 call msgfrr C buffer(l.nl), len , 72
28 call zrJc harz C line , buff er(l .nl).. len
21 1 = 0
22 25 continue
23 i = i + I
24 if C lmne (i).eq .slash ) go to  40
25 if C l ine(i ).eq .blonK .or . ci i gi t Cli n e(i )) ) go to  25
26 if ( l ine (i) .ne.f ) go to 20

• 27 if C line(i+l ).ne.blank .ond . l m n e C i + l ) .ne.equ ) go to 20
28 c
29 30 continue
30 call mprompt C “>2. 1
31 return
32 c
33 40 cant in,ue
34 ni “' n i — i
35 go to~~ 07•c ~37 end

— 3 7—
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~~~~~~~~~~~~~~~~~ ——--- -- —— - - --—~~~~~~~~ -- .--- ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ -

subroutine mnite C name. time . prlo. result
2 implicit integer (a—z)
3 integer name . time . result
4 real prio
5 c
6 c Initiat es the controll ee — name
7 c
8 parameter C nbeto 8
9 integer betallnbeta )
10 data beta (l) /20000b/
11 data beta (6) /6/
12 data betaC?) /0/
13 data betoC8 ) /0/
14 a
15 real pr io r i ty
16 equivolenac C pr iority. betaC5) )
17 c
18 betaC3 ) name
19 betoC4 ) = t i me
20 priority = prio
21 result izcray C beta. nbeta
22 return
23 end
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log ical fund r n  letter ( ch
2 in tn ~ er api
3 0
4 c let t ci ’r r r - t u r r -  + r J~~ i f on is a le ’ ‘er
S c
6 in’eq .~r a.
7 d:Jta a 141b / . / 172b /
B c
9 l et t e r  • .true .
10 if ( c h - ~~’.a .)nd. ch.l~~~.z ) r~~turr11 lett er . false.
12 re t ir—
13 end

— -39—
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subroutine putprog C b us. ltext .. buffer. nl. w
2 Implicit integer (a—z)
3 integer ous. itext . bufferC9 ,l). nl , w
4 c
S C writes the function f or the subroutine ‘)vsetup on ’a the disK
6 c file — it ext
7 c
3 real h
9 common /misabK/ n
10 data r /1/
11 a
12 integer funC9). ~~b (9~ . forsC9.2)
13 equivalence C fun (1).fors (l,1) ). C sub (1).fors(l.2)
14 data fun /° co ’ . ”mplex fu ” .”nction “.“ f (z)”..5w ” “/
15 data sub /“ su ” .”broutin e ” .” vvsetu ”.’p ” .5*” “/

16 c
17 i f C w.gt l ) go to 10
18 cal l freeus C ious
19 call create C ious, itext . 2, — 1
20 a
21 c write program an d isK
22 write (ious.l0l)
23 10 continue
24 write (ious.l02) CforsCi .w ).i=1 .9), n
25 ur iteCious .l03) C (buff erC~~.i). ~‘1.9). i”i ,n l )
26 wr iteCious.l04)
27 return
28 c
29 101 format C “ call dr i ver ” /
30 . “ end ”
31 102 forma t C 9a9 /
32 . complex z” /
33 . “ integer of. id (l8), plotmode. plot Id’ /
34 - “ common /misabK/ n. rnoxit . h. epi. ep2~ of “ /
35 . “ data n /“ . i4. “/ “  /
36 real xClO24). uClB24)” /
37 - “ common /plotbK/ id, mapset. plotmode .” /
38 , “ . plo t id, x. u, xsize, ysize. m ien,- ” /
39 . “ . grids . nx . nu ” /
40 . “ complex a (3 0) .  p(1024 .I00) .  y( l024) ” /
41 “ integer 1(30)” /
42 - “ common /pormbK/ 1. C. p. y ”
43 103 forma t C 9a3 )
44 104 format C “ return ” /
45 , “ end”
46 a
4? ~nd
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I subroutine readfct C joys, name. funct ,  n!. ierr-
2 implicit inteqer (a—z)
3 integer ious. name. iunctC 9.l ). nl. bern
4 data first /1/
5 c
6 c reads funclion or subroutine from a file
7 c
8 if C fi r~~t .eq.l ) r:ill froc’u~ C b u s
9 first = 0
10 ierr 0
1 1 call open C icuS. nori~ . 0, ierr )
12 i f C ierr.le.0 ) return
13 nl = 0
14 10 continue
15 nl nl + I
16 call rd line C iGUS. funct~~l .nil ), len
17 if C len.gt. —1 ) go to 10
18 rI = nl —

19 call close C mous
20 return
2 1 c
22 end

— ‘
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subroutine remove C name. ntr . len
2 m mp lic ~~t lntecjerCa— z)
3 integer name. str (l). len
4 c

c remove name from str. len is the number of character in str.
• 6 c

7 parameter C cpw 8
8 parameter C blank 40b )
9 integer buf (25)

10 c
11 call :r,ovechr C buf , 0. Mr. 0, len
12 c
13 a compute the lengt h of name
14 o
15 n zccar,nne C name . 0. cpu. blanK ) + cpw
16 c
17 a remove name
18 c
19 b c  = zskeybyt C buf , 0~ len. name. n
20 i f C boc.eq .Ii ) go to 30
21 i f  C boc .eq .len ) go to  40
22 call zmov~chn C str . 0, buf, 0. loc— l
23 len • len - n —

24 call zmovechr C str, b c—I. buf . n+boc, len—lo c+1
25 return
26 c
27 30 cont inue
28 n r , + I
29 er = 1 er —

~rmli zmovechr ( str . 0. bu f, n. len )
31 return
32 c
33 c not found
34 c
35 40 cor~~mntJ e
36 writeC 59.iOl ) name
37 ret urn
38 a
39 101 forma t C “nct found : “ , aS
40 c
41 end

— 
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subroutine savo f C name. func’ . nl
2 im plicit int~~gc’rCa—z )
3 integer nar,ie. functC3 .b). el
4 c
5 a save funct to the fi l e  “name ”
6 c
7 if C foxistCn am o ) .ne.0 ) go to 5
8 answer = “ n ’
9 ca l l mpromp t ( “ destroy existence file? “ . 24
10 call msgfrr ( answer. len. 1
11 call mp romp t C “>“ . I )
12 if ( answer .ne. “y ” ) re ’urn
13 5 con ti nue
14 aali freeus C jour
15 call crea te C m oo, n a n - p .  2. —1. ierr )
16 if C ierr .ne.0 ) go to 20
17 wr iteCiou s .l@l ) ((furict (~~~i). J l.9). i 1.nl )
18 cobb cbosc ’ C mous )
19 return
20 c
21 20 continue
22 call m-ojtor C “error cr’:~atin g fi le ” . 25

ret urn
14
25 101 forma t C 9a8
25 a
2~ end
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I subrout ine scancrnd C ite x t . l ibuf. n l ib . termjn )
2 impli c i t  integer (ci— z)
3 integer mtex t . libuf (l ) . nl ih , termin
4 r

5 c this su~Drout ine scans the input 1 i n ~ and executes the
6 c given commands
7 c
9 parameter C ncmd~~l0 I
9 integer command(namd)
10 data command /
11 . “sub ” ,
12 . ‘ Kbi n ” ,
13 . “dl ib” .
14 . “ xeq ”~15 .
16 .
17 . ‘ ol ib ” .
19 . “end ” ,
19 - “ go ” .
20 . “ f ” /
21 common /m iscbK/ n
22 c
23 common /dabk/  ~c’=p. init prm
24 a
25 parameter C maxzym~8.Ti
26 integer symb C maxsym). ‘ype (maxsym ). buffer(b@)
27 a
28 int~ ger 1. numsym
29 data i / 0 /. numsym / 0 /
30
31 integer funat(9.300). ril
32 data funat / ‘ c= ” . “0. ” . 7s ’~ “ /
33 data nl / 1 /
34 integer prog (9.300). npl
35 data prog / “c ’ . 8*” “ /
36 data npl / I /
37
38 integer bu f~ 20)
3~ a
-40 if C i .lt .numsym ) qo to 20
41 C
4? c main l oop to interpret commands
43 c
44 10 cont
45
46 call mzgfrr C bu f fe r .  len. maxsym
47 call go+numb C sarah , type. nurns~~m , bu f ’e r - I~~r’. maxsym )
48 typo (nurnsym+l) 7
49 20 continue
50 i + I
51 go to ( 100. 400. 20. 420. 420. 420. 42~~• t~ ). y pe ( i)+ l
52 a
53 100 continue
54 -mu to ( 120, 300. 290. 260. 240. 230. 220. 2~~~. 180 . 
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55 1 160. 140 ). i cmdCsymb (i).command .ncmd)+l
56 c~
57 a controllee c m - - u s ed
58 ~59 120 continue
60 coIl m ite C symb(i). 600000~8000. U., ires
61 if ( ire5 ne.0 ) go to 130
62 coIl bypass ( ‘1. 1
63 ns = —l
64 ~f C upo ( i +i ) .~~q .7 go t o  125
65 co il shiftm sg C buffer . len )
66 ns len
67 125 continue
68 cal l msgtoo C bu ffer , ns. 0. 0. ires )
69 call msg fre C hu ff~~r. len . maxsym . ires
70 cul l  getsymb C o ir,mb. type . numsym~ buffer. len. 4
71 if  C syrnb (3).eq. ” a l l ”  .ond. symb (4).eq .” dor v ’ ) go to 10
72 coIl rnsgtor C buffer. len
73 qa t o l O  —

74 130 continu e
75 call msgtor C “ irivci b ld command disregarded” . 30 )
76 go to 20
77 a
78 c f command
79 0
2t~ 140 continue
81 if 1• type (i+1).ne.0 ) go to 155
82 call roorJfct C i’JUS, symb(i+l). funat. nI. ires
83 if C ir~ s.l t .0 ) go to 155

m = + 1
85 20 to 2@
86 155 c r n f i n u e
8? call get fct C funot , nl
88 go to 20
89 c
30 c go comman d
91 a
92 t6~3 cc,n,tinue
93 terr,i in 0
94 cal l putpi-og C iou . itext. funct. nI . 1 )
95 i f C icail .ea .1 ) coil putprog C iou, text , prag, npl. 2 )
96 coIl close C iou
97 ic all = 13
98 i f  C fi jp eCi +i).ne.U ) r et u rn
99 if C iscmd (symb (i+l).aammand .ricrnd).gt.0 ) return
lee i = I + I
101 i n i t prm = ~ymbCi)
102 t e rm mr r = 3
103 return.
l13’4
105 c end command
l Im t;
1~l7 180 cant
1:3:3 to rmmn
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109 r e t u r n
110
111 a al ib command
1 12 a
113 200 continue
114 call zmovechr C buf. 0, lib u f, 0. nlib )
115 neulib = 0

• 116 205 cont i nue
117 if C typ e (i+l ).gt •l ) go to 210
118 i = i + I
119 c-all symove C Iibuf, ne’.jl ib. symbCi )
120 if C type (i+l).eq.l ) go to 205
121 call zmovechr C libuf, new lib, “ :“ , 0, 1
122 newl ib newl ib + 1
123 go to 205
124 210 continue
125 coil zmovechr C l ibuf. newlib. buf , 0, n u b  )
126 n u b  n u b  + newlib
127 go to 20
128
129 a savef aammond
130 c
131 220 continue
132 if C type (i+1).ne .0 ) go to 225
133 i = i + 1
134 call sove f C symb (i). funct, r,l
135 go to 20
136 225 continue
13? call msgtor C “file name required ” , 20
138 go to 28
139
140 a saves command
141 c
142 230 continue -

143 if ( type (i+l).ne.0 ) go to  225
144 i = i + 1
145 call sove f ( symb (i). prog . npl
146 go to 20
147 c
148 C xeq command
149
150 240 COntinue
151 tormm n = 2
152 if C type (i+1).gt .0 ) return
153 if C isamd(symbCi#l).command.ncmd).gt.0 ) return
154 i = i + l
155 m nitprm symb Cm )
156 termin 4
157 return
158 a
159 C dl ib command
160 a
161 260 coni i inue
162 jr C typeCi+1).ne .@ ) go to 20
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163 m = + I
164 call remove C symb (i). 1 i” if .  rI ib
165 go to 260
166
167 c Kbin cOmmor,d
168 a
169 280 continue
1713 Keep = 1 -
171 go to 20
172
173 c sub command
174 a
175 300 continue
176 ic a ll = I
177 if C type (i+l).ne .0 ) go to 305
178 coIl readfct C b us. symb (i+1 ). prag. npl. Ires
179 if C it - c~s.lt. U ) go to 385
1813 i = + 1
181 go to 20
182 305 con t m o e
193 call getfct C prog. npl
184 go to 20
185
186 a symbol w ith more than 8 characters
187 c
188 400 cont inu e
189 coIl msgtor ( “symbol too l u n g ” . 15 1
190 go ta 2O
191 cm
192 c set number of solutions
193 C
194 420 conf inue
195 n = symb (i)
196 go to 20
197 a
198 end
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1 subroutine cmhi ftms g C li ne . Ion
2 imp l ic it intoger (o—z)
3 Integer llne(1). len
4 c
5 C shlftmsg zh i fts off the first symbol from line . len is the
6 a number of characters in line.
7 c
8 porarieter C blonK 4~ib )
9
10 sbK = sscanlre C l ine . 0. len. blank
11 boa = ~rconleq C l ine. sbK. len— sbk, blank
12 nbK = zscanlne C l ine. sbK+loc. l en— sbk—lac . blank
13 len = len — sbk — b c  — nbK
14 call zmovechr C l ine . 0. l ine. sbk+loc+nbk, ben
15 return
16 a
17 end
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1 subroutine symove C Jestin . b c ,  source
2 imp l i c i t  integer (a—rJ
3 integor dens & m CI). b c ,  source
4 a
5 c move characters from source to destin(boc) until a blank Is
6 a detected. b c  is the ~~f f j r ~ t ifl :‘ a’-acters of destin

C
• 8 pora rimeter C mib an K= -~ in )

9 parameter C cpu 8
10 C
11 cm = zscanbeq C snot-ce, 13. pu . blank
12 call zmovechr C d CS t i O ,  b c .  source. 0. n
13 b c  = b c  + n
14 return
15 c
16 end
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1 subroutine driver
2 c
3 c the dr i ver of the solver generated program
4 c
5 external f
6 complex f .  y Cl@24)
7 integer 1(30). iciC lO ), irtle n, mapset. platmod e . plotid. of
8 integer grids, dbwg . first
9 Complex c(30). p ClO24. lOU)
10 rea l xClU24) , wCI1324)
11 common /parmbK/ 1. a. p. y
12 common /p lotb K/ id . mopset. plotmode. pl otid. x, w,
13 . xs ize .  ys ize .  inlen. grids. nx, nu
14 Common /m iscbk/ n. riax it . known. h. epi. ep2. of
15 naniel ist /inikbk / n, maxi t , Known , h. epl . ep2. of. 1. C. p. y,
16 • mopset~ p b ot mode. p lotid. x. u. xsize. ysize.
1? • id, grids. dbug. nx. nu
18 parameter C np rnax=1@24, nrmax 25
19 real raotre (npmox,nrmax). rootai(npmax,nrmax)
2~ c
2~ C default va l ues
22 a
23 data roci xi t /100/
24 data Known /8—’
25 data h /.5/
26 data epl /13./
27 data ep2 /13./
28 data of /0/
29 data mapset /8/
30 data pbotmode /13/
31 data p l otid /8/

-32 data xsize /6.0/
33 data ys ize /4.5/
34 data id /‘ solver ”/
35 data cjn ids /13’
36 data dbug -‘U~
3? data nx /npmax/
38 data nw /nrmax/
39 c
40 integer lm n e C l U ) .  symbCl) . tm 4p eCI )
41 irteger narnef (2)
42 do+o name f / Sr±root, 4rrout /
43 a
44 a in itiali zations
45 c

j 
46 call sotf i le C namef. 2
47 ca ll dr opfi le C nom e fCl~
48 call msg fb aq C msg. 2
49 c
50 c read input, if any
51 a
52 if C msg.eq U ) go to 15

cal l msgfrr C lin e . Ira . 88
54 call getnur b C symb . type. ns, line. ben . 1
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55 ii C symb (l).re . ” tty ’ ) go to 28
56 call mpromp t C “ — “ .

5? rood C 59. initbk )
58 call mprompt C 0. 0
59 go to 15
60 20 continue
61 call open C 5. symbCl ). 0. m Ien
62 i f C inbe n.b t . .l ) go to 35
63 read ( 5, in i~ bK
64 a
65 c create and wri t e  to output fil e ,  if of =1 or 2
66 a
67 15 cant iniue
68 if C a f . l t . l  .or . of.q~~.2 ) go to 35
69 namef (2) 4@0b~i’namef (2) + b413b
70 10 continue
71 nome fC2) = nome f (2) + 1
72 coIl open C I. ncimefC2), 0. l~~n
73 ca ll close C 1
74 if C len .qt .U ) go to  113
75 coIl create C 6. rcmmef(2) . 2. —l
75 wr i te  ( 59. 103 ) nomef(2)
77 write C 6. 1 134 ) n. ma x i t .  Known . n. epi. ep2. Cy Ci). i~~b .n)78 a
79 a chock irform at ion
88 a
81 35 continu e
82 n = m inO C n. 1024
83 if C of .gt .2 .ond . p b atrnode .eq.@ ) pbotmode = 1
84 ip bo t = plotmod e
85 if C ip b o t g&.3 .or . mopset •gt.3 ) n
86 n p n ~
8? nr = nuj
88 if C npmt~nr.le.25613U .anch mcipset.gt.3 ) go to 40
89 np = npmax
90 nr =
91 c
92 a ma in loop
93 c
94 40 continue
95 call vvsetup
96 if C pl ot rnode .qt.0 .on d. first. eq .1
97 - :ulb rootpb ot C rootre . rootol. np . nr )
98 if ( 1 (30j .lt.0 ) go to 78• 99 first

1130 if ( ip lot.qt. 3 ) go to 613
101 n,urn = n
102 call mul le r C Known. num. y. mcxi t . h. epl. ep2. f. Kount )
1133 if C of .g’ .2 ) go to 4~
1134 i f C of.eq•2 ) go to 50
105 write C 59. 1 3 1  ) C yC i ) . i 1. num+known
166 i f C Kount. gr .rnax i t ) write C 59. 1132 ) Kount
1137 it C of .eq .0  ) go to 40
108 513 con tinue
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1139 wr ite C 6. 101 ) C y C i). i 1. num+Known
110 if C kount .gt .maxit ) write C 6. 102 ) Kount
1 1 1  go t o 40
112 c
113 c evoluo ’ ir - 3 f u nC t iO n  instc-cn of findin g roots
114 cm
115 60 continue

- • 116 ixi nd = i= i n d + I
11? y( 1) = f C x ( ~<ind)
118 go to 40

• 119 a
120 c term irtatiruj
121 a
122 76 continu e
123 m f C ip bo t. le .0 ) cabb exit C dbug
124 pbo tmode = ip b ot
125 call rootplat C rootr~~, rootol. np . nr
126 cal 1 dcrc-’: i
12? call ~-~it C dbug
128 a
129 1131 formo t C “roots: ” / C “ C “ .e19. lb. ” . “ .el9. 11. ’ ) •
136 102 forma t C “does not converge at- h er “ . i5. “ iteration s ”
131 103 forrnjt C cm3. “ is the output f i l e ”
132 104 forma t C ‘n “ . i4 / “ cia ’ i t “ . i4 / “Knoi.rt ~~

“ . 14 /
133 . h “ . f 15.7 / “ ep l  “ . f 15. 7 / “ep2 “ . f 15.7 /
134 . “y ~~~. 2C21 15.7. “ . “) / C ?x. 2(2f 15.7. . “) )
135 end
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1 subroutin e curvo~ C ‘ . y. np . mark. nc
2 real x (l). j1l024,l)
3 ii , t o~ c~r rip - murk •
4 c
S c draw curves

• 8 c
7 do 10 i = 1. nc
8 cal l curve C x (1~~. y C 1.~~). np. mark9 18 con tinue

16 r et ur n
11 end
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1 subroutine destin C platmode . p bo tid
2 integer plotrnode . p l otid
3 c
4 c plotmode 1 “‘> IrEl O
5 C = 2 > p rtplt
6 c 3 => tK
7 c pb otid for <frUO > > id
8 a for .prtpbt> >~ lin e width
9 c for <tK> = > baud rate

10 a
1 1 mode = plotmode
12 if C mode. lt .l ) return
13 if C mode .gt.3 ) mode = mod C mode.. 4 ) + 1
14 go to C 10, 20. 36 ). mode
15 a
16 a frBO t i l e
1? a
19 10 continue
19 call keep8O C “roots ’ . 3
26 call fr813id C plo t id . 1. 1
21 call pits
22 return
23 a
24 c printer
25 c

- • 26 20 Continue
27 coil prtp lt C pl a C id
28 return
29 a
30 c tektroni x

• 31 a
32 30 rrj r t inue
33 Col i tk C 0. .b*p la tid . 59 )

return
35 a
3k,



subroutine moptype C mc pset. npoint . X flt ifl. xmax. ymin. ymox .
2 . xsize. yaize )
3 integer rncpset. npoint
4 real xmin • xrnax . ymin. ymax. xsize. ysize
5 C
6 cm mapset = 0 > 1 m ean— I m ean
7 a = 1 => li t - ear—log
8 a = 2 > bog-l in~ ar
9 c 3 -~> log-1og
10 a = 4 => contour
I I  C
12 param eter 1 nwsp’~l6384 )
13 cammon uork(nusp)
14 data scale /“scale ”/
15 a
16 mop = mnapset
1? it C m cmp.l t 8  ) map = 0
13 i f C mop .gt .4 ) map = 0
19 nxsizc,~ = C xsi ze+l ) / 2
213 nysize = C ysizo+1 ) / 2
21 xin c = stepsz ( xrn ir - . xmax. 2.*nxsize. xd )
22 y inc stepsz C ymm n. ymax • 2.*nys ize. yd )

xcyc = xsize / ncyc C xmi n . xmox . xdec )
24 ycyc = ysi:e / nayc C ymi r. c~mo-~. yrJea )25 go to C 10. 20. 38. 46, 513 ). rnap+1
2b C
2? 10 Continue
28 call gra f C sm in—x d. scale. xmax+xd . ymin— yd . scale. ymox+yd )
29 cot rn
36 a
31 26 cant inuc’
32 cal l yloa C xrniri—xd. xinc • ydea. ycyc
33 r e ’ urn
34 c
35 30 continue
36 cd l ~loq C xdec. xayc, ymm n— yd . yina )
37 return
38 a
39 46 cont inuc ’
40 c a ll logboq C xdec. xcyc . ydec. yc~ c
41 rc’’urO
42 c
43 50 continue
44 x,rc x.nc — 2. ~ xci / maxO C 2*nx~~tz~ .4
45 yi n: yinc — 2. ~ =- -~ / rrtax0 C 2~’ry size.4
46 call ~r-:( C = mnr r .- x,nc. ~max . ym in. yinc . ymax )
4? call b ,r en C nusp
413 call conbin C 13. “ Sol i d ” . “labe ls ’. 1. 16
49 call ConI in C 1. “dash ” . “nobabels ” . 1. 8
50 call conb in C 2.. “chndo~~” . “nolabebs ” . 1. 5

L 

51 call can lin C 3. “dot ” . “nnln heis ’. 1. 3
52 ccli c . -~ ra C E13 .
53 nelurn
54 a
55 end
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subroutine mu ller CKn , n. rts. max it. step, epi. ep2. fn. Kount)
2 complex r t s C l )
3 complex fn
4 a
5 c th is subroutine uses the muller ’s met hod to find the roots of
6 c a function
7 a
8 c parameters :
9 C Kn — number of roots previously computed. normally zero
10 a n — input: number of roots desired
11 a output: number of roots found
12 C r ks  - on array of initial estimates of all desired roots
13 a set to zero if rio better estimates are available
14 c mn axit - max i mum number of iterations per root allowe d
15 a step — i n i t i a l  distance between x ’s
16 a epl — relative error tolerance on x C i )
17 a ep2 - error tolerance on f (xCi))
18 a fn — fnCz) is a external complex function which, for given
19 c z. retu rns f~~z)20 C kount - number of iterations of the last root, if Kount
21 c is equal to maxit . the routine will stop at once
22 a
23 c
24 complex rt. h. delipr . frtde I . lambda. del f . dfprbm . num. den
25 complex g. sqr. frt . frtprc’
2o C
27 c in i tiabi z a t ion
28 epsl arnox l CepI. 1.e-l2)

• 29 eps2 amax l Cep2 . l.e—2@)
30 ibeg = Kn + 1
31 lend Kn + n

• 32 a
33 do 100 i ibeg. lend
34 Kount 0
35 a campu +e f i r s t  three estimates for root as
36 c rts (i)+step . rts (i~~— step . and rts (i)
37 1 h = step
38 rt = rts (i) + h
39 index
40 go to 7@
41 10 a.?l fpr fr kdef
42 n f = rts(i) — h
43 index = 2
44 go to 7O
45 20 frtprv = frtdef

deit pr frtprv — delfpr
47 c t  = r ts C i )
48 i ndex 3
49 go to 70
50 30 inJO= 4
51 la:~bda = 1.
52 c compute nex t estimate for root
53 413 del s fridef — frtprv
54 dfpr lm dol fpr * lambda
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55 num = —frtd ef * (1. + l ambda) + 2.
56 g = C l .  + luir bd a * 2.) ‘3< dol l — l ambda ‘3< df prbm
57 sqr g * q + 2. * num * lambda ‘3< C delf — dfpr l m)
58 sor = csqrtCsqr)
59 den q + s q r
60 if (real C g) *• rc’oiCsqr) + aimog (cj) * aimag (sqr) .lt. 0.)

• 61 1 den g — s q r
62 if (cabs(den) .l~ ep l ) den = 1 .

-
. 63 lar:hj i num / den

64 frfr - rv = frtdef
65 d~ 1 rp ~

- = do ll
66 h = h * 1 c i r n b d a
57 rt r~
68 if (K :unt •gt. maxit) go to 200
69 a
70 70 kourt = Kount + 1
71 fr- C = in (rt)
72 frtde f = frt
73 do 71 j = I. i—i
74 den = nt — r&sCj )
75 i f  (cabsCden) 1 € .  eps2) go to 79
76 frtdef = frt of / den
77 71 continue
78 75 go to (10. 213. 30. 80), indox
79 79 r+ sCi ) = rf ± .Ok l
80 go to
81 a
82 c check for cor ’ ’orgence
83 80 if ~ccrbs(h) •lt.  opsl * cabsCrt )) go t o 1013
84 i f (orra=l (cabs (frt), cabsC frtdef)) .l t. eps2) go to 100
85 a
86 a check for diverqence
87 if (cabs((rtdef) .lt 10. * cabsCfrtprv )) go to 413
88 h = .5 + h
89 l ambda .5 ~ lambda913 r t  = r t  — h
91 go to 70
92 100 rts(i) = rt
93 returr
94 2130 con t,nue
95 n =
96 retijrn
9? end

L 
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Integer function ncyc C vmin, vmax. vdec
2 real Vram . vmax . Vd~a3 c
4 cm return the number of cycles needed for log scale
S c

- 
- 6 pci’ ameter C one= .999999999999

7 parameter C maxcyc lFi
8 pcm nrloter C base=1.~.-20 )
9 c
10 delta = 0.
11 i f C ‘m i ni .lt.l . ) delta = 1.
12 mm ab oO lEl C amcixb (vmmn .base) ) — delta
13 max = ibo glO C cimoxl(vmax,bose) ) + one
14 ncyc = rnaxfl ( max—m m . I
15 vdec ~ 10. i-* mm
16 if C vdec.gt.base ’3~I0. .or . ncyc .lt. rrraxcyc ) return
17 ncyc = mo=cyc
18 c’dec = 10. ~~-~

- C max—maxcyc )
19 ret urn
213 a
21 end
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subroutine rootp lc+ C rootno . rookai . npnew. nrnew
2 real rootre I npriew .nrri~ , ’’ . rootoi (npnew .rir -neu)
3 c
4 a plots -notr-o vs. no.1/or w rand rootoi vs. and/or w
5 a rootro and roota~ ar- - <he r~~~~i and imaginary port of the
6 c roots Co n th~ ~ralu c ’ of t i e  ~unct ion . i t  so. s t o r e d  in .
7 a rootr ~ (1) and roota i Cl ) ) . nonew is the maximum number of
8 c points c:r:1 nrnew is th~ m-O~~imur1 number of rootS .
9 C
10 i.-teger 1(36). m -iC l O ) .  ~n1on. m-a p~~ut . plotrirode. p l o t i d .  of
11 intege r grids
12 real -

~ (1024). wC l’~~ i)
13 cc’mp ti (l024)
14 com ple x c(3@). p C l fl?4.10PJ)
15 common —‘pc i  m b . ’ I. C. p. - •

~16 comm on --p l o tu k - id - mopsc.t . pb otm ode . platid . ‘- . w.
17 . =s ,:o. 45r :o. ~nlon . grids18 commo n /mis cnk-’ n. r,a~~~, t .  Known . h. epl . ep2. of
19 a
213 neal psicc (2)
21 r-c ircimntrr - C b i — 1 ” b E l .~~+l8c3 . sm a lb =— i0 . ’t<*b013 )
22 integer first. r,p:’iI:: I r r ~ a C  1 1 )
23 dote rc’rnin • a i-i ~ n. -~r:~ r .  urn ~n - ‘- 1<- b icj/
24 dote rornax, u, : - ;. . - -~~a~~. . j r , ~~ J~~ ’,-,~ l l /
25 data li ’~~ i l 1 ) /t - ,~ /
26 date psize /ll..6.5/
27 d a t a  nx —<3 - . n w  /25E00/
28 a
29 irtega- ’ lab freC2 ) . 1oh’o~ (2). b obtre (2). lebtoiC2 )
30 integor lab~rroC2). lcibw aiC2). 1 ab-<- (2)
31 i n4eger l abpw(2). lcuci .(2 ). bcb r ,n 2
32 dat a 1 aL f r c’ / r oa 1 C f ‘ “ “/

33 date l~~h fol /“irtrc g Cf~~” . 
4- ‘ -f

34 do f a 1 ropu /~~:ar~ - t c ’ ” . “r w ”/
35 -i~r t O  1 aLa~ / orgu:~~ ~ 

“ . “ •= “ /
36 data l obow /“arcjurio,-rt.” . “

3? dote b ob . r~ r nm~= t e ” . “r -<- ‘/

38 data b abure /“rec: Cr c , .  “ t )  “ /

39 duto b obwo i / “ i - a q (c-uo ” . “ t)”’
4<1 data babt r~ / “ “ . “

41 data labtaj .‘ “ “ . “

42 a
43 a in i ti ubiza t ion s
44 a
45 if C I ir st.n= 1 ) go to  S
42 t i rs t  =
47 nr = m inO C rr+Known , --m ow )
48 -SZ =
49 ysz =
50 a
51 r check if pa’~o si:c’ should be 3.5” x l i ”  o- 1 1 ” x8.5”

a
53 i f  C xsz.eq.y~: ) no to 5
54 it C >-s:.l’ .ys: .and. ysz .le.psizc’C2 )— l .5 ) go to 5
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55 i f C ~5z.gc-.ysz .an d. xsz.qt.psize(2)—1.5 ) go to 5
56 te’ p psi zeCl )
5? psizeCi ) psiz~~~2)
58 pzImo(2) temp
59 c
60 c store the roots o~ the function value. y
51 a
62 5 continue
53 it ( lC3 El ) .lt. 0 ) f irst = firs t + 1
64 m f ( first.gt.2 ) go to 20
65 i f C mopzet.gt .3 ) go to  ~2
66 nx nx + I
6? if C nx.gt.npnew ) return
68 do 10 I = 1. or
69 rootr-,Cnx.i) = real C y C i) )
70 rocto i nx.i ) = am - r a g C y Ci )
71 if C remain .gt.rootre (rrx .i) ) remin rootreCrrx .i)
72 if C rem ax .lt .rc -ot roCn x ,i) ) remox = rootreCnx ,i)
73 if C a imi n .gt.rootoi (nx.i ) ) aimin rootai (rix .i)
74 if C aimax .lt. rootoi Cnx.i) ) aimax roatai(nx .i)
75 10 cont inue
.5 returrr
77 a

12 c~ntinuC
79 if C nw.bt.nrn ew ) go to 14
86 nx = n x + l
81 n u = 0
82 14 con ircue
83 nw = n u + l
84 rootro (n~ ,nw) = real C y Ci )
85 raotai (nx,nw ) aimag C y(l ) )
86 If C remin.gt.raotre nx.nw) ) remin - ro9tre(’-’x.rtw)
87 if C rerrrox.lt .rootrc’ (nx.nu ) ) remax rootre (nx,.nw )
88 if C airnin.cit. rootai(r rx ,nw ) ) 01mm = rootoi (nx .nu)
89 if C eimcix.it.rootai (nrx .nw ) ) aimax rootaiCnx .nw)
96 return
91 a
92 a find the .nimum and max i mum val ues of x and w
93 c
94 20 Continue
95 npoir t = minO C rx . npnew )
96 du 38 j = 1. ‘-‘po int
97 if C xm mn.g t. xC 1 ) ) xmin X(j)
98 if C xm axlt.x (j ) ) xmax x (~ )
99 36 continue
180 if C mor’se 4 .lt .4 1 go to  413
161 do 35 J - 1. nw
102 ~f C ummn .gt.w (j) ) wmmn 3.3(j)
103 if C wmox .lt .w(~~) ) Lmax 3.3(j)
104 35 continue
105 if C rem ax—remin. lt .l.e—25 ) flare • 1
166 if C aimax ’-aimir .lt .l.e—25 ) noci
1137 rem in = umin
163 a imir i wrnin
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109 remax = wmox
1 16 Ci mn(-lx i,rr, r1).
1 1 1  c
112 a figure out tlic ~ t i t l e  and name for the axes

-
. 113 a

114 40 continue
115 ~f C p lcrt :node .1C.4 .cind . mopse < .it.4 ) go to 613
116 11 C pb otn iode :lt .4 ) ~ to Eu
117 call move C labx . bobox. 2
118 call move C iabwrc’. labire. 2
‘19 ca ll mace C labc’oi. lab Ia l. 2
1213 if C mop set .lt. 4 ) pa to 50
121 call move C l abure. ~obau. 2
122 co i l move I babc ’~~i . cL-an’. 2
123 call mc cc C bobtre , b -ab fr~~, 2
124 call move C lo b toi. i ab r ai . 2
125 go to 60
126 50 oonti nue
127 cal l move ( lob t ro. labwre . 2
128 roll move C Io b~ oi , bebwai . 2
129 ca ll ri-rove C l obwre. labpu . 2
130 ro ll mon-c C I ~h ,,c I • 1 obpu. 2
131 a
132 c gett ing ready to plo t
133 c
134 66 contirilI,:-
135 cul l ~otbax C id. 213

‘ 136 call gfsize C 3. 2013131300b
13? call destin C pb o tmode . p b otid
138 call nobrdr
139 a
140 c plot the input file. if Chore iS one
141 a 

-

142 if ( inlen.be .0 ) go to 90
143 call page C psize (l). psi:o(2)
144 call tablet C “ 1 tset 4- . “lo ng ”
145 rewind 5
146 713 cn t inue

• 147 readC5.lOlO ) C l ineCi) . i l.10 )
148 if C ieof(5).rre.0 ) go t o 80
149 call l i l i n e  l i nc ’
1513 go to 70
151 88 continue
152 call endfab C 13
153 call dendpl C <1
154 c
155 90 continue
156 xsz omini C ~sz. pa i :e (i)—l .5
157 ~oc arsini C ysz. ps lzeC2 )—l.5 )
158 call p age C p si:eC1 ). psi:e(2)

L 15Ei
F 160 c pbo~ ‘he ncial ( r o o t)  vs .  x

161 a
= C p siz o C l .< -4’- .5—xsz )‘3 .75

— h i -
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163 if C xsor.lt. .75 ) xsor = C ps izeCl )—xsz )*,5
164 ysor C psi:e 2)*.5—ysz )*.5
165 if C ysor.lt . .5 ) ysor • C psizo (2)—ysz )*.5
166 call phrjsor C xsor. ysor
16? a
168 call t itle C boL ~~r~~, 16. lobx . 16. babwre . 16. x sz , ysz
169 call maptype ( mapset. npamn t . xIIi n . xmax. remin. remax.
170 . 3sz. ys: )
171 call dframe
172 if C gr ids .ne .0  ) call grid C —grids. -grids
173 if C mapset.lt.4 ) go to 1813
174 if C nroro .eq . 1  ) go to 120
175 call cor,maK C rootre. npnew. nrnew. ‘scale ”
176 call contur C 4. “labels ” , “draw ”
177 go to  110
178 100 continue
179 call curves C x. rootre. npo i nt. —1 . nr
1813 110 Cont inue
181 cal l enrdgr C 13
182 c
183 c plot imoginory Croot) vs. x
184 a
185 120 cant inrue
186 xsar = pzize (l)*.5 + C psize r’l)*.S-xzz )*.5
18? if C xsor .1t. .5+psm :e(l)* .5 ) xsor = ( psiz~~(i)—xsz )*.5198 ysor = psiz~~C2)*.5 + C ps izeC2)*.S—ysz )*,5
189 if C ysor.lt. .5+ps iz~~(2)* .5 ) ysor C psiza (2)—ysz )*.5
198 call physor C xsor . ysor- )
191 if (~~~sor .lt.p s ize(l)*.5 .and . ysor .lt .ps~ zeC2)*.5)
192 . call dendpl C 8
193 a
194 call t i t l e C lci b toi. 16. labx. 16, labwai, 16. xzz. ysz
195 call maptype C mapset . ripoint. xmin . xmax, aimin , olmax ,
196 . xsz. ysz )
197 cal l dframe
198 if C cy-ids.ne .0 call grid C —grids. —gr ids
199 if C m apset.lt.4 go to 130
200 ,f C noai.eq .l ) go to 140
281 call conmak C rootai . r , new, nmnew . “scale ”
282 call aontur C 4. ‘labels ” . “d raw ”
203 go to 1413
204 130 continue
285 call curves C x. rootai . np oint . —1. nr
206 148 Continue

co il endgr C 13
208 call dendpl C 13
209 c
218 r e t u r n
211 a
212 1010 format C lOa8
213 a
214 end

—62—

- .-- -u-- — -- 
- - - - -



~ ~~~~~~ “~~~~~~~~~~ ‘

subroutin e so t f i l e  (names. n)
2 a
3 a subroutine setfi le appends the current suffix (Channel) to
4 a all t he given files.
5 C
6 a parameters:
7 a names — on one--d i mension al integer array wit h file names
8 a in it. all’ romes are limited to 7 characters.
9 c n — an integer that indicates the number of files.
10 a
11 a l ibrory used:
12 a fo rtlib
13 a
14 a
15 integer namesCn ). n
16 integer ‘iserr,o, acocurt. df . suffix. i
I? cm
18 cm set unit 59 •o be the controller or terminal
19 cm
20 call msg l iri K (59. 1)
21 c
22 -cm get the cuff ix
23 c
24 ccl i userinfo (userno. account. df .. suf fix)
25 cm
26 a charrcje the left— just ified suffix to right— justified
27 a
28 suf fix = suffix / 4000000013000$ll008POh

• 29 c
30 c append the suffix to all f i l e  names
31 c
32 do 10 i = 1. n
33 rromes (i) = 480b + norrtesCj) + suffix
34 10 cc -nt inue 

-

L

36 return
37 end
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rend function stepsz C vmin . vmax. size, delta
2 real vmln . vmax, size, delta
3 c
4 a f ind step si zc4- for a graph
5 a

• 6 delta = amox l C 0.001. Cvmax—vmin )*.05 )
• 7 stapsz = C vmax—vmin-r-2 , *de lta ) / maxO C intCsize), 4 )

8 return
9 end
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subroutine vvzetup
2 complex cC3O). p (d024.lOO). y(1024)
3 integer 1(30)
4 com m on /parrnbK/ 1. a.. p. y
5 data 1 (30) /1/

- 6 c
7 1(38 = 1(30) —

• B return
9 end
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