Stepped Pressure Equilibrium Code: Flowchart (ast updated pec 2015)

http://w3.pppl.gov/~shudson/Spec/spec.html [S.R.Hudson, et al. Phys. Plasmas 19,112502 (2012)]

main program : xspech
Initialize

1. call readin ; reads ext.spec :

2. call al0Daa ; allocates, initializes, ...

3. call gf00aa(P) ; ‘packs’ geometrical freedom;
x = (iRbej, iZhsjlg.insJ‘g‘iZbcj:i)T/\PM
for j=1,mn; [ =1 Mvol —1

4, call vo0Oaa ; V; = dv

Vi
5. if Ladiabatic=0, adiabatic[l] = P, = p;V}"

Compute Equilibrium
if Ngeometricaldof > 0, solve for x :

1. if Lminimize = 1, call pc00aa(x)

readin

. read input namelists from ext.spec

normalize toroidal flux, v, — U1/t xvor

0 Nto: Mpol Ntor

mn
3. ';L—ZZL“ ot S o

1 —Ntor

. if Lfreeboundary=0, Mvol=Nvol,

if Lireeboundary=1, Mvol=Nvol+1.

. set geometrical regularization factor,

e.g. for Igeometry= 3,
VT
ifmy; =0, U;; =47
itm; #0, W = 1‘7“’/2 for I =1, Nvol.

- if Linitialize=0, read iRbec,;, iZbsj,, - .-

if Linitialize=1, interpolate:
e.g. iRbc;; =Rbc; o+ (Rbej nuoi—Rbey o) W,

2. if Lfindzero > 0, find x s.t. Fy[x] =
if( Igeometry=1 or Igeometry=2),
Fulx] = ([lp + B*/2]]j0w;)"
if Igeometry=3,

Fulx] = ([lp + B*/20wy. av) "
where I = {spectral constraints}.
call jkO3aa(x)

Diagnostics / Output Files

1. Lcomputederivatives=F
call fe02aa(x, Fy)
computes ay [x; {2, Ky, puy, 64}

2. if( LHevalues, LHevectors, Lperturbed, or
Leheck=5), call he0laa

3. call ra00aa(W) ; write a; to .ext.sp.A

4. call writin ; write ext.sp.end, etc.

5. do !l =1, Mvol ! begin parallel
if Leheck=1, call jo00aa(l); |V x By — 1By l;
call sc00aa(l); By, Bg, Be;
call pp00aa(l); constructs Poincaré plot;
enddo ! end parallel

20 Aapyg = (Yo — Wia

wt

jk03aa(x)

1. Lcomputederivatives=F
call fe02aa(x, Fx)

2. if |[Fy| < forcetol, return

3. iterate on 0x = —(V, Fy) ' F
to find Fy(x) = 0.

. if Lfindzero = 1,
Lcomputederivatives=F
uses COSNDF(fe02aa; x; c05xtol,c05factor)
function values only

5. if Lfindzero = 2,
Lcomputederivatives=T

allocate hessian= VyFy

uses COBPDF(fc02aa; x; c05xtol,c05factor)
user supplied derivative

deallocate hessian

typefont indicates intern

alllUaa

. Ngeometricaldof~ (Mvol—1)mn ;

(depends on Igeometry & Istellsym).

)‘l‘mﬁ_w /27?
Ay = (U1 — Vpi—1)Pege/2m

dol =1, Mvol

. if( Igeometry=2 or Igeometry=3 ) & [=1]

Lcoordinatesingularity=T

fe02aa(x, Fy)
do | =1, Mvol ! begin parallel 1.
1. if( lgeometry=2, lgeometry=3 ) &l =1, 2

Lecoordinatesingularity=T

2. if | £ Nvol, Lplasmaregion=T
if I > Nvol, Lvacuumregion=T

3. allocate ‘Beltrami matrices’,
Alx]. Blx], Clx], Dlx], £[x. Flx].

. call ma00ab(A,1)
allocate TTee(1:6,1:L,1:L,1:mn,1:mn), ...

.

call maOOaa 3.

_ o e O e
TTeeq ,p,i, :f]/‘““’ T, e Y ics g g d¢
it Jp ﬁ
—nC.

where a; = m;f

=

. if Lplasmaregion, call ma0lag
if Lvacuumregion, call val0aa
compute A,B,C,D,E, F.

p B
m:f (—+—)ch
vay—1 02

1
ja‘T.A.a, + o] B+ ] Capy,

K, = / A-Bdv 4

ma02aa(l)
if Lplasmaregion and LBsequad,

if Lplasmaregion and LBnewton,
must provide initial guess for (py, a;)”
i. only for Leonstraint= 2

HeY — s - B elicity
Fa(a’),“l 2(}([ helicity[l])

iterate on

s 2
(1) =-(Tha
to find V,, o Fa = 0.
uses COBPBF(df00aa; (py, ay)™'s mupftol),

Fa)” ! ‘v)u.az Fa

if Lplasmaregion and LBlinear,
must provide (jy, Az‘-‘)p.[}T

i. if Leonstraint= 0,

call mpOOac(l, gy, Ay, )

ii. if Leonstraint= 1,

iterate on (pu, Ay, )7 to find

I tinn — Oita[l — 1]
f = . =0
(ar ) = (oot
uses COSPBF(mpO0ac; (jiy, Aty )T

iii. if Lconstraint= 2,
not yet supported, try LBeltrami= 2.

; mupftol)

if Lvacuumregion,

§a, Dy + ] Ea + 9] Fap,.

mpO0ac(l, gz, A,)

if LBeltrami=2,3,6,7, LBnewton=T

al PP 4pTe 67 BACFoutine

4. if | < Nvol, Lplasmaregion=T, 6. call ma02aa(l) i 1. given (ju, Aty)7, solve for ay,
if { > Nvol, Lvacuumregion=T. returns ay[x; {9y, K, o} (A1 + wDr) - ay = (B + &)
. if Lplasmaregion{ 7. call voOOaa ; V; = / dv 2. if Leonstraint= 1, compute interface transform,
= (Ap e jps Acee, dp Av.0,j.p: Ao, P)T: v call tr00ab ; 6, = 6+ A(6.¢)
wi = (At g, A, f) 8. do i = 0,1 ; on inner/outer interface;
if Lvacuu.mreglon{ call bb00aa ; returns [[p + B2/2]], I Af00nn(3£1ag, L, )
= v T enddo a8 NN
a = (‘Deﬂ.p o, }p) wl (Ilnr 5 (7;70/) . H
i X 9. if Lcomputederivatives=T, 1. if iflag=1, compute first derivatives,
. if Lplasmaregion{ do i=0,1 ; do j=1,mn ; OFa and a‘h‘*
if Lcoordinatesingularity, call ma00aa Em Oa;
§=(s+1)/2 ¢; = ‘E’WJ/Z compute 9, A, 9.8, 0,C, 9,8, 0.€, O, F. 2. if iflag=2, compute second derivatives,
A Z /].g‘t‘]vpipj( $)Ty(s) cos(m;6 — n;Q) call ma0lag or vaOlaa BF. PF, 4 PE,
Ag= . = =1, (¢ _ ¢ . N and ———.
Ap,0,5,005(8)T, (5) sin(m;t — n;C) 9, F =M '(d-“b M- x) Sudp’ daydyy Dayda;
I call tr00ab ; 8],
A Z Ace,ippi(8)T (s) COs(mja - nj() call volDaa ; 8.V
- Aco5.ppi(8)Tp(s) sin(m;@ — n;() call bb00aa ; 8, B? TeOTaa
enddo ; enddo 1. Lcomputederivatives=T
. . 10. call maO0ab(D,1) ; deallocate TTee, etc. allocate hessian= V. Fx
L if Lvacuu.mreglon,
(I):Z €,,p- P s) cos(m;f — n;C) enddo ! end parallel 2. call fe02aa
Do j T () sinfmf —nyC) 3. if Leheck=5,

1. call beOOaa(l) ; broadcast ; are V. F. with finite-diff " §
thre\ T (Q) = (,hebyshev pﬂly nomial compare V,F, with finite-difference estimate
enddo 2. construct Fy [x] 4. if(I_H4-\',\1nv:~..LHD\'vrtm‘s R

3. if Lcomputederivatives=T, compute eigenvalues & eigenvectors of VFy

. if Linitgues=2, call ra00aa(R) ; construct VyeFy = d‘_F”'L 5. if Lperturbed, compute linear displacement,
reads a;,_; Myo1 from .AtAzmn . i, (WU, Kybs b 0x = —(VxFx) ' -V, Fy - 0b;
. if LBeltrami=1,3,5,7, LBsequad=T 6. deallocate hessian

red indicates input variable; green indicates input initial guess;

blue indicates subroutine;
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