The following linked flow charts describe the basic execution flow and organization of
GeoFEST, identifying the principal functional tasks and processes.

(i) GeoFEST main() entry point

\ Read command line arguments and open files |

| Call input_phase (ii)

| Call dlastic (iii)

| Call time_step (iv)
v

| Closeall files

v

| Exit GeoFEST

- N NN




(ii) input_phase routine

» Readin global/nodal parameters
v

\ Allocate global arfay memory

\ Read in nodal degree of freedom info

\ Read in nodal coordi nate data

\ Read in nodal specified boundary condition data

\ Allocate memory for element groups

v

\ group_loop(GENERATE) (v)
v

\ group_loop(SHAPE)
v

\ Allocate memory for global stiffness storage
v

\ Read in instructions for output options
v

\ Read in time step control data
v

\ If requested, setup/restore restart files

¢ retum ’
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(iii) elastic routine

> Clear displacement and force arrays

\ Clear stiffness ma'ﬁrix Storage

\ Apply nodal forces (if any)

\ group_loop(ELASTIC BC) (v)

\ group_loop(ELASTIC STIFFNESS)

group_loop(ELASTIC RHS)

\ Call equation solver

\ Accumulate nodal displacements

v

| group_loop(ELASTIC STRESSES)

——— retumn ’
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(iv) time step routine

» Print out elastic step results

—»‘ Loop over time grpups

\ Set time step size for this group

_# L oop over time steps

\ Increment simulation time

v

| Check for scheduled fault slip

v

\ Clear dtiffness array

| group_loop(VISCO STIFFNESS)

\ Clear incremental displacements

v

\ Apply nodal forces

\group_l 0op(VISCO RHS)

v

\ Call equation solver

v

\ Accumulate incremental displacements

v

| group_loop(VI1SCO STRESSES)

| Print out results (if scheduled)

v
ﬂ (end loop)

v

—’ (end loop)

v

——— retumn




(v) group_loop routine

v

—>| Loop over element groups |

\ Set time step size for this group |

v

....................... & Switch on (TASK) |

\ GENERATE —read in and number elements

\ OUTPUT — print element-level stresses

\ SHAPE — compute element shape functions and derivatives

\ ELASTIC STIFFNESS — form e ement stiffness contrib.

\ VISCO STIFFNESS - form element stiffness contrib.

\ ELASTIC RHS —form element right-hand side contrib.

\ VISCO RHS —form element right-hand side contrib.

\ ELASTIC BC —form element boundary condition contrib.

\ VISCO BC —form element boundary condition contrib.

\ COL HEIGHT — determine direct solver matrix structure

....................... r (end SNl tCh) |

v
—’ (end loop) + |

¢ retumn




Thefollowing isalisting of all GeoFEST functional routines and the header comments describing their
usage and purpose.

/*

*xk File main.c *xk
*kk GeoFEST version 4.2 *xk
*** Copyright (c) 2002, California Institute of Technol ogy i

*** |, S. Sponsorshi p under NASA Contract NAS7-1260 is acknow edged ***

*** This file contains the programnmain entry point, the main
*** task driver, and nodul es for driving high-level functions
*** and interactions with the operator:

* k%
* ok x == mai ==
*xk == elastic ==
* oKk == time_step ==
* ok == clear_stiff ==
* ok == elgrp_l oop ==
* oKk == node_| oad ==
*kk == accumul ate ==
* ok == conpl etion ==
*xx == wWrt_save ==
*Ax == vrestart ==
* ok == el _save ==
* oKk == check_nonitor ==
***/
| F o o e e e e e e e e e e e e e i eeeeaea--
__________________ * [
/* BOP  */
/*
kkkkkkhkkkhkkkk*k RQJTI NE ITBIn kkkhkkkkhkkkhkkhkhkkhkkkx
*/

/* | NTERFACE: */

mai n(
int argc , /* nunber of input arguments */
char *argv[] /* input argunment strings */

/* RETURN VALUE: -none- */
/* DESCRI PTI ON: */

** Routine main

** main prints a banner,

** interprets up to two args as input and output files,

** gcans two comment lines in the input,

** and divides (and tines) the processing

** into input, elastic solution, tine-stepping, and output.



[* BOP  */
/*

kkkkkkhkkkhkkkhkkkx*k RQJTI NE el aStIC kkkkkkhkkkhkkkhkkkhkkk*k
*/

/* | NTERFACE: */

el asti c(

)

/* RETURN VALUE: -none- */

/* DESCRI PTI ON: */

/*

** Routine elastic

** elastic perfornms an elastic solution of the
** finite el ement problem

**/

[* EOP  */

kkkkkkhkkhkkhkkkx*k RQJTI NE tln-e step kkkkkkhkkkhkkkhkkkhkkk*k

/* | NTERFACE: */

time_step(

)

/* RETURN VALUE: -none- */

/* DESCRI PTI ON: */

/*

** Routine time_step

** time_step conputes the visco-elastic tinme stepping

sol utions

** to the finite el ement problem

**/

/* EOP  */

X e e e e e e e e e e ee—maa--

% o e e e

[* BOP  */
/*

kkkkkkhkkkhkkkkk*k RQJTI NE C|ea|’_StIff khkkkhkkkhkkkhkhkkhkhkkkk*k
*/

/* | NTERFACE: */

clear_stiff(

)

/* RETURN VALUE: -none- */
/* DESCRI PTI ON: */



/*

** Routine clear_stiff

** clear_stiff nulls the stiffness matrix nenory.

**/

/* EOP  */

/* ___________________________________________________________________________ */

% e e e e e e *[
/* BOP */
/ *
*kkkkhkkhkkhkkhkkkkkk RQJTI NE el grp Ioop kkkkhkkhkkhkhkhkkhkkhkkkkkk
* | -

/* | NTERFACE: */

el grp_Il oop(
int task /* which element-level task to perform */

)

/* RETURN VALUE: -none- */
/* DESCRI PTI ON: */

** Routine elgrp_|loop

** el grp_loop invokes a particular task that relies on
** element structures and affects all the elements in
** every el enent group.

* %
** Supported tasks are
** GENERATE: read or generate elenent data, fill ien, Imarrays

** QUTPUT: compute and write out el enent centroid stresses

** SHAPE: conpute parent-space shape functions and gradients

** FORMS_ELAS: conpute elastic stiffness matrix

** FORMS_STEP: conpute VE single-step stiffness matrix

** RHS ELAS: conpute elastic right-hand side vector for FE probl em
** RHS STEP: conpute VE right-hand side vector for FE problem

** BC ELAS: conpute boundary-condition terns for elastic FE problem
** BC _STEP: conpute boundary-condition ternms for VE FE single step
** COL_HT: conmpute the colum heights for profile stiffness storage
** E STRESS: conpute the stresses fromelastic solution

** \/_STRESS: conpute the stresses froma VE step solution

** DUMP: dunmp information needed for restarts

** RESTORE: read and restore solution vector and info for a restart
** FAIL_CHECK: check for stress-driven fault failure

** SMOOTH BEQ N perform pressure snoothing set-up

** SMOOTH_END: apply pressure-snoothing function fromcoefficients
** REORDER anal yze adj acency, find profile-optimnm zing node permutation

% e e e e e e e [
% e e e e e e e e e * [
/* BOP */
| *

*kkkhkhkkkhkkkkkk RQJTI NE- node Ioad *kkkhkkhkhkkkhkkkkkkk*k
* | -

/* | NTERFACE: */



node_| oad(
real time , /[* current simulation time */
int reform /* flag indicating stiffness reformstatus */

)

/* RETURN VALUE: -none- */

/* DESCRI PTI ON: */

/*

** Routine node_| oad

** node_| oad applies node-based forces that may accumnul ate

** with tine.

**/

/* EOP  */

/* ___________________________________________________________________________ */

| % o o L o e o e e e e e e e e e e e e e e e e e e e eeeaaoas * [
/* BOP  */
| *
KRk o R R R RQJTI NE aCCUITLIl ate R R Rk o e
*/

/* | NTERFACE: */

accunul at e(

)

/* RETURN VALUE: -none- */

/* DESCRI PTI ON: */

/*

** Routine accunul ate

** accumul ate updates the total displacenent based on the

** single-step increnent.

**/

/* EOP  */

/* ___________________________________________________________________________ */

| % o o L o e o e e e e e e e e e e e e e e e e e e e e e e eeeaaoas * [
/* BOP  */
| *
Rk o o R R RQJTI NE COTTp' etlon R R Rk o o
*/

/* | NTERFACE: */

conpl eti on(

)

/* RETURN VALUE: -none- */
/* DESCRI PTI ON: */

** Routine conpletion

** conpl etion syncronizes nmultiple processors.

** Parallel vestige; keep for now.

** Keeps track of incurred errors in each processor.



rt save kkhkkhkkhkhkhkkhkkkhkhkkkx
x|
/* | NTERFACE: */
wrt_save(
)
/* RETURN VALUE: -none- */
/* DESCRI PTI ON: */
/*
** Routine wt_save
** wrt_save dunps state to disk for restarts.
**/
/* EOP  */
% o o e e e e e e e e e e e e e e e e e e e e e e e e e
% o o e e e e e e e e e e e e e e e e e e e e e e e e
/* BOP  */
/*
kkkkkkhkkkhkhkkkk*k RQJTI NE VreStart kkhkkhkkhkhkhkkhkkhkhkkhkkk*x
*/
/* | NTERFACE: */
vrestart (
)
/* RETURN VALUE: -none- */
/* DESCRI PTI ON: */
/*
** yrestart restores state from previ ous dunmp and
** continues sinulation.
**/
/* EOP  */
% o o e e e e e e e e e e e e e e e e e e e e e e e
| save kkhkkkkhkkkhkhkkkhkkhkkkk*k
]
/* | NTERFACE: */
el _save(
GROUP  *grp_ptr , [* pointer to current elenment group */
i nt code /* code specifying which action */
)
/* RETURN VALUE: -none- */
/* DESCRI PTI ON: */
/*
** Routine el _save
** @| save dunps or restores elenent data.
**/
/* EOP  */
% o o e e e e e e e e e e e e e e e
% o o e e e e e e e e e e e e e e e e e
/* BOP  */

*/

*/

*/

*/

*/



/ *
*kkkkhkkhkkhkkhkkkkkk RQJTI NE Check rmnltor kkkkhkkhkkhkkhkkhkkkkkkh*k
* | -

/* | NTERFACE: */

check_noni tor(

)

/* RETURN VALUE: -none- */

/* DESCRI PTI ON: */

/*

** Routine check_nonitor

** check_nonitor allows user run intervention via strings stored
** in the file nonitor.fem

* %

** Supported options:

** OK: close the dunmp file (?)

** KILL: close files and abort

** SAVE STOP: wite state, then abort

** SAVE GO wite dunps as requested in input, and continue

**/

[ * EOP  */

/* ___________________________________________________________________________ */
/*

* oKk Fil e inphase.c i

*xk GeoFEST version 4.2 *xk

*** Copyright (c) 2002, California Institute of Technol ogy i

*** |, S. Sponsorshi p under NASA Contract NAS7-1260 is acknow edged ***

*** This file contains subroutines which handle input,
*** @aquation nunbering, and nmenory all ocati on.

* k%
* ok == i nput _phase ==
* oKk == matrix_alloc ==
* ok * == gen_nunber ==
* Kk == out put _phase ==
*xk == el _output ==
*kk == | ocate_pt ==
***/
/* ___________________________________________________________________________ */
/* BOP  */
/*
kkkkkkhkkkhkkkk*k RQJTI NE Input phase kkhkkkkkhkhkkhkkkhkhkkkx
* | -

/* | NTERFACE: */
i nput _phase()

/* RETURN VALUE: -none- */

/* DESCRI PTI ON: */

/*

** Routine input_phase

** jnput_phase is the top-level input file reading function
** Mpst input-file records are read here or in routines



** in generat.c that are called by this function
** Afewitems are read by nmain.c as well.

**/

[* EOP  */

% o e e

% o e e

[ * BOP  */
/*

kkkkkkhkkkhkkkhkkk*k RQJTI NE
*/

/* | NTERFACE: */
matri x_al |l oc()

/* RETURN VALUE: -none- */
/* DESCRI PTI ON: */

/*

** Routine matrix_alloc

ITHtI’IX alloc kkkkkkhkkkhkkkhkkkhkkkx*

** matrix allocates space for the sparse stiffness matrix _or_

** the PCG sol ver arrays

**/

[* EOP  */

o e e

o e e

[* BOP  */
/*

kkkkkkhkkkhkkkhkkk*k RQJTI NE
*/

/* | NTERFACE: */
gen_nunber ()

/* RETURN VALUE: -none- */
/* DESCRI PTI ON: */

/*

** Routine gen_nunber

gen nurrber kkhkkkhkkkhkhkkhkhkkhkkx*k

** gen_nunber assigns equation nunbers based on nodes and ndof

**/

o e e

o e e

[* BOP  */
/*

kkkkkhkkhkkkhkkkx*k RQJTI NE-
*/

/* | NTERFACE: */

out put _phase(
i nt guake

)
/* RETURN VALUE: -none- */

Output phase kkkkkkhkkhkxkhkkkhkkkx*

/* flag to indicate quake or not */

*/

*/

*/

*/

*/

*/



/* DESCRI PTI ON: */

/*

** Routine output_phase

** out put _phase writes out requested data at a quake

** or schedul ed tine.

**/

/* EOP  */

| * e e e e e e e e e e e eeeeeeeaaos

| % .
/* BOP */
| *
*kkkkhkkhkkkhkkkkkk RQJTI NE el Output *kkkhkkhkkhkhkkhkkhkkkkkkhkk*k
* | -

/* | NTERFACE: */

el _out put (
GROUP  *grp_ptr /* pointer to current el enent group */
)

/* RETURN VALUE: -none- */

/* DESCRI PTI ON: */

/*

** Routine el output

** el _output prints out elenent stress infornmation.

**/

/* EOP  */

% o o e e e e e e e e e e e e e e e e e e e e e e e

% o e e
/* BOP */
| *
*kkkkhkkhkkhkkhkkkkkk RQJTI NE Iocate pt kkkkkhkhkkhkkhkkhkkkkhkkhkk*k
* | -

/* | NTERFACE: */

| ocat e_pt (
ELEMENT _DATA *el _pt , /* ptr to current elenment struct */
ELEMENT _INFO *info , [* ptr to elenment info struct */
real xpt[3][10] /* return array of computed coords */
)

/* RETURN VALUE: -none- */

/* DESCRI PTI ON: */

/*

** Routine |ocate_pt

** | ocate_pt maps the integration points into physical space.
** J obal coordinates are placed in xpt[j]

** Called by el _output elenent stress output function (above).

**/

[* EOP  */

*xk File generat.c *xk
*xk GeoFEST version 4.2 *xk



* % %
* % %
* % %
* % %
* % %
* % %
* % %
* % %
* % %
* % %
* % %
* % %
* % %
* % %
* % %
* % %
* % %
* % %
/*-
/*
/*

*/

/*

| *
| *
| *
**/
| *
[*-

/*-
/*
/*

*/

/*

/*
/*
/*

Copyright (c) 2002, California Institute of Technol ogy i
U. S. Sponsorshi p under NASA Contract NAS7-1260 is acknow edged ***

This file contains nodules for generating and reading
node and el ement data and rel ated isoparanetric tasks

== gen_el ement ==

== next _el enent ==

== read_surf ==

== read_slip ==

== | oad_el enent ==

== gen_map ==

== gen_real ==

== gen_i sopar_grid ==
== gen_shape_grid ==
== dot _S ==

/

kkkkkkhkkhkkkhkkkx*k RQJTI NE- gen el errent khkkkhkkkhkkkhkkkhkhkkkk*k

| NTERFACE: */

gen_el enment (
GROUP  *grp_ptr /* pointer to current el enent group */

)

RETURN VALUE: -none- */
DESCRI PTI ON: */

Routi ne gen_el enent

gen_el ement generates el ement storage and ien array

It reads in elenent group information, individual elenents,
and surface traction records.

kkkkkkhkkkhkkhkkk*k RClJTI NE- next el errent kkkkkhkkkhkxkkhkkkhkkkx*k

| NTERFACE: */

int next_elenment(
i nt *node_pointer , /* pointer to hold node */
i nt *gen_poi nt er /* pointer to gen paraneter */

)

RETURN VALUE: nunber of the next node or object read in */
DESCRI PTI ON: */



* %

** next_element reads the first part of a record in a double
** null-termnated list, so the calling function may
** catch the termination.
* %
** The use of this function is not linited to finite elenments, but is
** al so enpl oyed for other lists, such as nodes and tractions.
**/
/* EOP  */
% o o e e e e e e e e e e e e e e e e e
% o o e e e e e e e e e e e e e e e e e
/* BOP  */
/*
kkkkkkhkkkhkkkk*k RQJTI NE read surf kkkkkkhkhkkhkhkkkhkkhkkk*kx
* | -
/* | NTERFACE: */
read_surf(
int *tally , /* counter for records read in */
ELEMENT_DATA *el _pt , [/* ptr to current elenment struct */
int *tenmp_list , /* storage for surf location data */
real *tenp_trac , /* storage for surf traction data */
int type , /[* el ement type nunber */
int nunmel , /* nunber of elenments */
i nt ndof /* nunber of disp degrees of freedom */
)
/* RETURN VALUE: -none- */
/* DESCRI PTI ON: */
/*
** Routine read_surf
** read_surf reads in surface traction records.
**/
/* EOP  */
% o o e e e e e e e e e e e e e e e e e
% o o e e e e e e e e e e e e e e e e e e
/* BOP  */
/*
kkkkkkhkkkhkhkkkk*k RQJTI NE read Sllp khkkhkkkkhkkkhkhkkkhkkhkkk*x
* | -
/* | NTERFACE: */
read_slip(
int *tally , /* counter for records read in */
ELEMENT_DATA *el _data , /* ptr to current element struct */
int *tenmp_list , /* storage for split node location data */
real *tenp_val , /* storage for split node slip data */
int type , /[* el ement type nunber */
int nunmel , /* nunber of elements */
i nt ndof /* nunber of disp degrees of freedom */
)
/* RETURN VALUE: -none- */
/* DESCRI PTI ON: */

/*

Function next el

ement



** Routine read_slip

** read_slip reads split-node records for synmetric fault

** slip accunul ation

**/

/* EOP  */

/* ___________________________________________________________________________ */

| % o o L o L e e e e e e e e e e e e e e e e e eeeiaoos * [
/* BOP  */
| *
Rk o kS R R RQJTI NE Ioad_el errent R Rk O Rk
*/

/* | NTERFACE: */

| oad_el ermrent (

ELEMENT_DATA *el _pt , /* ptr to current elenent struct */
ELEMENT_I NFO *info , /* ptr to element info struct */
i nt nel gl ob , /* one-based gl obal el enent nunber */
i nt ien[] , /* holding for ien assignments */
i nt mat /* one-based material index nunber */
)
/* RETURN VALUE: -none- */
/* DESCRI PTI ON: */

/*

** Routine | oad_el emrent

** | oad_el ement | oads elenment arrays with ien and equati on dat a.

** The information for the el enent has been previously read into a
** tenporary array or generated.

* %

** This function checks for degeneracies of 2D el enents,

** right-hand rule order of tet nodes (swapping when necessary),

** and fills in the ien and Imarrays for the el ement.

**/

[* EOP  */

/* ___________________________________________________________________________ */

% e e e e e *[
/* BOP */
/ *
*kkkkhkkhkkkhkkkkkk RQJTI NE- gen rTap *kkkhkkhkhkkhkkhkkhkhkkkk*k
* | -

/* | NTERFACE: */

gen_nap()
/* RETURN VALUE: -none- */
/* DESCRI PTI ON: */

** Routine gen_nap
** gen_map fills the nodal activity map array.



¥ e e e e e e e e e e e e *[
/* BOP */
| *
*kkkkkhkkkhkkkkkk RQJTI NE gen real *kkkkhkkhkhkhkkhkkhkkkkkk*k
* -

/* | NTERFACE: */

gen_real (
real *array , [/* array of generated val ues */
i nt dim /* dinensionality of grid */
)
/* RETURN VALUE: -none- */
/* DESCRI PTI ON: */

** Routine gen_rea

** gen_real reads or generates floating point global array.
** Used to read or generate nodes, displacenment bcs, or

** velocity bcs.

*kkkkhkkhkkkhkkkkkk RQJTI NE gen Isopar grld kkkkhkkhkkhkhkhkkhkkhkkkkkk
* - -

/* | NTERFACE: */

gen_i sopar _gri d(

r eal *array , /* array of generated val ues */
i nt dim [* dimensionality of grid */
)
/* RETURN VALUE: -none- */
/* DESCRI PTI ON: */

/*
** Routine gen_isopar_grid
** jsopar_grid generates real data via isoparanetric interpolation

**/

| e e e e e e *[
% e e e e e *[
/* BOP */
| *

*kkkkhkkhkkkhkkkkkk RQJTI NE gen Shape grld *kkkkhkkhkkhkkhkkhkkkkkk*k
* | - -

/* | NTERFACE: */

gen_shape_gri d(
r eal r , /* isopar coordinate */
r eal s , [/* isopar coordinate */
r eal t , [/* isopar coordinate */



/*
/*
/*
* %
* %
* %

**/

/*

/*
/*

*/

/*

/*
/*
/*

* %

EOP  */
X e e e e e e e e e e eeeeeeaaos
X e e e e e e e e e e e e eeeeeeaaos
BOP  */
kkhkkhkkhkhkhkkhkhkhkkk%x RQJTI NE dot Sh R R I S S e b O O
| NTERFACE: */
real dot_sh(
r eal *shape , /* shape function storage */
r eal *variable , /* interpolate variable storage */
i nt n /* nunber to sum over */
)
RETURN VAL UE: dot product val ue */
DESCRI PTI ON: */

* %
* %
* %

**/

/*

EOP  */
¥ o o e e e e e e e eeeeeeeaaaol
File stiff.c *hx
GeoFEST version 4.2 *hx
Copyright (c) 2002, California Institute of Technol ogy *oxk

r eal *shape , [/* shape function storage */
i nt option /* generation option flag */

)

RETURN VALUE: -none- */
DESCRI PTI ON: */

Routi ne gen_shape_grid
gen_shape_grid finds shape function for isoparanetric generation
It appears to JWP to use bilinear and trilinear interpolation

Functi on dot _sh

dot _sh perforns the dot product of the vector of shape functions
(may be gradients of shape functions)

with the vector "variable"

U. S. Sponsorshi p under NASA Contract NAS7-1260 is acknow edged ***

This file contains nodul es which construct the finite
el ement stiffness matrix and the right-hand-side "force" vector.

== formstiff ==
== formrhs ==
== formbc ==

== formslip ==
== adj ust _bc ==
== lame_form ==
== force_form ==
== surf_form==
== Shape ==

== dotsh ==



*xx == adfldp ==

* k% == p_shape ==
* Kk == form snooth == - disabled -
*kk == addsmooth == - disabled -
*xx == apply_smooth == - disabled -
***/
% o o e e e e e e e e e e e e e e e e e e
/* BOP  */
/*
kkkkkkhkkkhkhkkkk*k RQJTI NE fOfm_StIff kkhkkkkhkkkkhkkkhkkhkkkk*k
*/

/* | NTERFACE: */

formstiff(
GROUP  *grp_ptr , /* pointer to current el enent group */
i nt code /* code specifying elastic or visco */

)

/* RETURN VALUE: -none- */

/* DESCRI PTI ON: */

/*

** Routine formstiff

** formstiff conputes the elenent-w se stiffness array for the elt group
** "code" indicates if this is for an elastic problemor a VE step

**/

[* EOP  */

| % il
| % .
/* BOP */
/ *

*kkkkhkkhkkkhkkkkkk RQJTI NE- form rhs *kkkkhkkkhkkhkkhkkkkkkh*k
* | -

/* | NTERFACE: */

formrhs(
GROUP  *grp_ptr , /* pointer to current el enent group */
i nt code /* code specifying elastic or visco */

)

/* RETURN VALUE: -none- */

/* DESCRI PTI ON: */

/*

** Routine formrhs

** formrhs conputes the right-hand-side vector for the FE probl em
** "code" indicates if this is for the elastic problemor a VE step

**/

[* EOP  */

2
2
/* BOP  */
/*

kkhkkkhkhkhkkhkhkkkk%x RQJTI NE- form bC IR I o O O S I

*/



/*

/*
/*
/*
/*
/*

/*
/*
/*

*/

/*

/*
/*
/*
/*
/*

| *
| *
| *
*/

/*

| NTERFACE: */

form bc(
GROUP  *grp_ptr /* pointer to current elenent group */
i nt code /* code specifying elastic or visco */

)

RETURN VALUE: -none- */
DESCRI PTI ON: */

Routine formbc

formbc conmputes the boundary condition terns for stiffness and rhs
due to inposed conditions
/
EOP  */
BOP  */
kkkkkkhkkkhkkkk*k RQJTI NE form Sllp kkkkkkhkkkhkhkkkhkhkkk*kx
| NTERFACE: */
formslip(
int code , /* code specifying elastic or visco */
real *rhs , /* tenp array to hold elenent rhs contrib */
real *stiff , /* tenp array to hold el stiffness contrib */
ELEMENT _INFO *info , /* ptr to elenment info struct */
int nel , [* current el enent nunber */
int node , [* current node nunber */
real *slip, /* array containing fault slip anplitudes */
ELEMENT_DATA *el _pt , [/* ptr to current elenent struct */
ELEMENT_MAT *mat _pt /* ptr to el material prop struct */
)
RETURN VALUE: -none- */
DESCRI PTI ON: */

Routine formslip
formslip conputes the split-nodes fault offsets and their influence

on the finite element stiffness and RHS.
/
ECP */
BOP */
*kkkkhkkhkkhkkhkkkkkk RQJTI NE ad] USt bC *kkkhkkhkhkhkkhkkhkkhkkkhkkhkk*k
| NTERFACE: */

adj ust _bc(
real *disp , /* array containing fault slip anplitudes */



/*
/*
/*
/*
/*

/*
/*
/*

*/

/*

/*
/*
/*
* %
* %
* %
* %
* %
/*
/*

| *
| *
| *
*/

/*

)

real *rhs ,
real *es
i nt nee

RETURN VALUE: -none- */
DESCRI PTI ON: */

Routi ne adj ust_bc
adj ust _bc conputes the necessary terns that nodify the right-hand-side
due to inposed displacenents.

/

kkkkkkhkkkhkkkhkkkx*k RQJTI NE

| NTERFACE:

| ane_form

)

*/

int code ,
real *es
ELEMENT _| NFO
ELEMENT _NAT
ELEVMENT _DATA

RETURN VALUE: -none- */
DESCRI PTI ON: */

Routine lanme_form
| ame_form conputes the volunetric stiffness termfor one el enent,
that is based on the constitutive volunme constants.

Results are stored in the elenent stiffness array.

/

kkkkkkhkkkhkkkhkkk*k RQJTI NE

| NTERFACE:

force form

)

*/

int code |,
real *rhs ,
ELEMENT _| NFO
ELENVENT _NAT
ELEMENT _DATA

/* tenp array to hold elenent rhs contrib */

/[* tenp array to hold el

/* nunber of el ement equations */

Iarre form kkkkkkhkkhkkkhkkkhkkk*k

/* code specifying elastic or visco */

/* tenp array to hold el

*info ,
*mat _pt
*el pt

/* ptr to elenment info struct */
/[* ptr to el material prop struct
/* ptr to current elenent struct */

force form kkhkkkhkkkhkhkkhkhkkhkkx*k

/* code specifying elastic or visco */
/* tenp array to hold elenent rhs contrib */

*info ,
*mat _pt
*el _pt

/[* ptr to element info struct */
[* ptr to el material prop struct
/* ptr to current el enent struct */

stiffness contrib */

stiffness contrib */

*/

*/



/*
/*
/*

* %

RETURN VALUE: -none- */
DESCRI PTI ON: */

Routine force form
force_form conputes the "dunmb" gravity contribution to the el ement
right-hand side termfor the elastic case, and the strain-rate

** termfor the VE case.
**/
/* EOP  */
/* ___________________________________________________________________________ */
/* ___________________________________________________________________________ */
/* BOP  */
/*
kkhkkhkkhkkhkhkkhkhkhkk%x RQJTI NE surf form EIE R I S S o I O O
* | -
/* | NTERFACE: */
surf _form
int code , /* code specifying elastic or visco */
real *rhs , /* tenp array to hold elenent rhs contrib */
ELEMENT_I NFO *info , /* ptr to element info struct */
int side, /* index nunber of the elenent side */
real *trac , /* array containg traction conponents */
ELEMENT_DATA *el _pt /* ptr to current el enent struct */
)
/* RETURN VALUE: -none- */
/* DESCRI PTI ON: */
/*
** Routine surf_form
** surf_form conputes the surface traction forcing termfor the
** right-hand-side in the finite el enent problem
**/
/* EOP  */
/* ___________________________________________________________________________ */
/* ___________________________________________________________________________ */
/* BOP  */
/*
kkhkkhkkhkkhkhkkhkhkhkkk%x RQJTI NE shape *kkkkkhkkhkkhkikhhkhhkkkk
*/
/* | NTERFACE: */
shape(
ELEMENT_DATA *el _pt , [/* ptr to current elenent struct */
ELEMENT I NFO *info , /[* ptr to element info struct */
real *sh_pt , /* el storage to hold shape functions */
real *det_pt , /* el storage to hold determ nant */
int type , /* element type nunber */
int nen , /* nunber of el ement nodes */
int nint , /* nunber of Gauss integration points */
int all /* flag indicating we need derivatives also */
)
/* RETURN VALUE: -none- */



/* DESCRI PTI ON: */

/*

** Routine shape

** shape conputes the shape functions and gradients for a single elenent.

**/

/* EOP  */

2
% o o e e
/* BOP  */
/*

kkhkkhkkhkkhkhkkikhkkhkk*x RQJTI NE dotsh kkkkkhkkhkkhkkhkhhhhkkkk
*/

/* | NTERFACE: */

real dotsh(

real *array , /* array of nodal quantities to interpolate */
int i, /* derivative conmponent index nunber */
int j /* dof index nunber of quantity conponent */
real *sh , /* el storage containing shape functions */
ELEMENT_DATA *el _pt , /* ptr to current elenent struct */
ELEMENT I NFO *info , /* ptr to element info struct */
int nen , I * nunber of el enent nodes */
int ndim, /* nunber of dinensions in array */
int st_flag /* flag to invoke split node adjustment */

)

/* RETURN VALUE: the elenment-interpolated sumval ue */

/* DESCRI PTI ON: */

/*

** Function dotsh

** dotsh conputes the dot product of a set of shape-functions (or gradients)
** with a vector of values, hence conputing an interpol ated coordinate

** or function. If st _flag, x is assuned to represent displacenent, and

** a correction for split-nodes is applied prior to the dot product.

**/

[* EOP  */

2
2
/* BOP  */
/*

kkkhkkhkhkhkkhkhkikkkk RQJTI NE- adfldp R R I S S b O O
*/

/* | NTERFACE: */

real adfl dp(
int j /* dof index nunber of slip conponent */
int nel , /* nunber of current el enent */
int node |, /* nunber of current node */
ELEMENT _INFO *info [* ptr to element info struct */
)

/* RETURN VALUE: the required additional nodal displacenent */
/* DESCRI PTI ON: */
/*



** Function adfldp
** adfldp returns to dotsh() the added nodal displ acenents
** needed to account for split node fault slip in calculating strain

**/

[* EOP  */

| e e e e e e *[
% e e e e e e *[
/* BOP */
/ *

*kkkkhkkhkkhkkhkkkkkk RQJTI NE p Shape *kkkhkkhkhkhkkhkkhkkhhkhkkkk*k
* | -

/* | NTERFACE: */

p_shape(
GROUP  *grp_ptr /* pointer to current el enent group */
)
/* RETURN VALUE: - none - */
/* DESCRI PTI ON: */

** Routine p_shape
** p shape computes the parent-space shape function for conmon el enment types.

/* ___________________________________________________________________________ */
/*

*kk File solver.c *xk

*kk GeoFEST version 4.2 *xk

*** Copyright (c) 2002, California Institute of Technol ogy *oxk

*** U. S. Sponsorshi p under NASA Contract NAS7-1260 is acknow edged ***

*** This file contains nodules for the sparse matrix storage
*** substructure reduction or other solvers of the matrix system

* ko == solver ==

* ko == addstiff ==

e == addfor ==

*kk == estiffprod ==

* ok == reorder ==

*kk == genrcm ==

* %k == rcm ==

* ko == degree ==

* ko == fnroot ==

* ok x == rootls ==

* ok ok == col ht ==

*xk == profile_diag ==
* ko == factor ==

* Kk == full back ==

* ko == pcg_l oop ==

*Ax == converged ==

* ko == put _soln ==
***/

| ® o L o o o o e e o e e e e e e e e e e e e e e e e e e eeee o * [



/*
kkkkkkhkkkhkkkhkkkx*k RQJTI NE SO| ver khkkkhkkkhkkkhkkkhkkkkk*k
*/

/* | NTERFACE: */

sol ver (
int code /* which solver option to use */
)
/* RETURN VALUE: - none - */
/* DESCRI PTI ON: */

/*

** Routine sol ver

** solver perforns single right-hand-side matrix sol ution,

** currently using factorization and back substitution on

** single processor OR using PCGiteration.

**/

/* EOP  */

¥ e e e e e e e e eeeeeaeaaos

o e e
[* BOP */
/*
kkkhkkhkhkhkhkhkkhkkk RQJTI NE addstlff kkkkhkkhkkhkhkkikhhhhkkk*k
*/

/* | NTERFACE: */

addstiff(
PROFILE *a , [/* ptr to assenbled profile stiffness storage */
real *es , /* ptr to element stiffness storage */
ELEMENT_I NFO *info , /* ptr to element info struct */
ELEMENT_DATA *el _pt /* ptr to current el enent struct */
)
/* RETURN VALUE: - none - */
/* DESCRI PTI ON: */

/*

** Routine addstiff

** addstiff adds element stiffness to global profile array,

** or to elenent storage if using PCG sol ver

**/

/* EOP  */

% o o e e e e e e e e e e e e e e e e e e e

o e e
[* BOP */
/*
kkkkhkkhkhkkhkhkhkkk%x RQJTI NE- addfor kkhkkhkkkhkhkikhhkhkkkkk*k
*/

/* | NTERFACE: */

addf or (
real *dest , [/* destination assenbled rhs vector */
real *rhs , /* source el enent rhs vector */
ELEMENT_I NFO *info , /* ptr to element info struct */



ELEMENT _DATA *el pt /* ptr to current elenent struct */

)
/* RETURN VALUE: - none - */
/* DESCRI PTI ON: */

/*

** Routine addfor

** addfor assenbles the global r.h.s. vector.

**/

/* EOP  */

/* ___________________________________________________________________________ */

| % o L e o e o e e e e e e e e e e e e e e e e e e e e eeeaaoas * [
/* BOP  */
| *
KRk o kR R RQJTI NE estlffprod R R Rk I e
*/

/* | NTERFACE: */

estiffprod(

GROUP  *grp_ptr /* pointer to current elenent group */
)

/* RETURN VALUE: - none - */

/* DESCRI PTI ON: */

/*

** Routine estiffprod

** cal cul ates the product of a given vector with stiffness in el enent storage
* t = A*d

**/

[* EOP  */

| % o L L L e e e e e e e e e e e e e e e e e e e e eiaoos * [
/* BOP  */
| *
Rk o kO R RQJTI NE reorder Rk O R R O
*/

/* | NTERFACE: */

reor der (
GROUP  *grp_ptr /* pointer to current el enent group */
)
/* RETURN VALUE: - none - */
/* DESCRI PTI ON: */

** Routine reorder
** reorder uses ien information to build adjacency information and call
** permutation optimzing routines for minimzing matrix profile.



/*
kkkkkkhkkkhkkkhkkkx*k RQJTI NE genrcm khkkkhkkkhkkkhkkkhkkkkk*k
*/

/* | NTERFACE: */

genrcm(
int negns , /* NUMBER OF EQUATI ONS */
int *xadj , /* ADJACENCY STRUCTURE COF THE GRAPH CF THE MATRI X */
int *adjncy ,/* ADJACENCY STRUCTURE COF THE GRAPH CF THE MATRI X */
int *perm, /* VECTOR THAT CONTAI NS THE RCM ORDERI NG */
int *mask , /* MARK VARS NUMBERED | N ORDERI NG PROCESS */
int *xls /* 1 NDEX VECTOR FOR A LEVEL STRUCTURE */
)
/* RETURN VALUE: - none - */
/* DESCRI PTI ON: */

/*
** Routine genrcm

** genrcm conputes the reverse cuthill ntkee ordering for a general

** adj acency graph such as a sparse finite element nmatrix.

* %

** Original FORTRAN conments: (transcribed into C by JWP from
** p reorder.f of PHOEBUS3 T3D):

EE R R I S I I R R I I I R R S I I R R R R I I

R I R R I S I I R R I I O R R I I R R R R Ik I

xExxxxxxEE GENRCM . . . . . GENERAL REVERSE CUTHILL MCOKEE =~ **x**xx
R R R I S b Sk I I I R S S R I I R O S S R Rk kO O O
R R R I S Sk I I I R S S Rk R I I R Sk S R S
* %

*x PURPCSE - GENRCM FI NDS THE REVERSE CUTHI LL- MCKEE

*x ORDERI NG FOR A GENERAL GRAPH. FOR EACH CONNECTED

*x COVPONENT | N THE GRAPH, GENRCM OBTAI NS THE ORDERI NG

*x BY CALLING THE SUBROUTI NE RCM

* %

*x | NPUT PARANMETERS -

*x NEQNS - NUMBER OF EQUATI ONS

*x (XADJ, ADINCY) - ARRAY PAIR CONTAI NI NG THE ADJACENCY
*x STRUCTURE OF THE GRAPH OF THE MATRI X.

* %

*x QUTPUT PARAMETER -

*x PERM - VECTOR THAT CONTAINS THE RCM ORDERI NG,

* %

*x VIORKI NG PARAVETERS -

*x MASK - 1S USED TO MARK VARI ABLES THAT HAVE BEEN

*x NUVBERED DURI NG THE ORDERI NG PROCESS. I T IS

*x I NI TIALI ZED TO 1, AND SET TO ZERO AS EACH NODE
*x |'S NUVBERED.

*x XLS - THE | NDEX VECTOR FOR A LEVEL STRUCTURE. THE

*x LEVEL STRUCTURE | S STORED | N THE CURRENTLY

*x UNUSED SPACES | N THE PERMUTATI ON VECTOR PERM

* %

*x PROGRAM SUBROUTI NES -

*x FNROOT, RCM

* %
kkhkhkhkhkhkhhhhhhdhhhkhkhkhdhdhhhhhhhhdhdhhhdddhddhdhdhdhdhhhdrdddddhddddddddrxx*x****x*
**/

[ * EOP  */



/* ___________________________________________________________________________ */
/* ___________________________________________________________________________ */
/* BOP  */
/*
kkkkkkhkkkhkkkk*k RQJTI NE recm kkhkkhkkhkhkhkkhkkkhkhkkkx
*/
/* | NTERFACE: */
rem(

int root |, /* NODE THAT DEFI NES THE CONNECTED COVPONENT */

int *xadj , /* ADJACENCY STRUCTURE OF THE GRAPH CF THE MATRI X */

int *adjncy ,/* ADJACENCY STRUCTURE COF THE GRAPH CF THE MATRI X */

int *mask , /* MARK VARS NUMBERED | N ORDERI NG PROCESS */

int *perm, /* VECTOR THAT CONTAI NS THE RCM ORDERI NG */

int num, [*  *]

int *ccsize , /* S| ZE OF THE CONNECTED COMPONENT */

int *deg /* TEMPORARY VECTOR USED TO HOLD THE DEGREE */

)
/* RETURN VALUE: - none - */
/* DESCRI PTI ON: */
/*
** rcm does connectivity analysis (jwp interpretation; see bel ow).
** Original comments from Fortran code:
kkhkkhkhkkhkhkhkkhkhkhkhkhkhkhhdhkhhdhkhhdhkhhdhhkhkhhdhkhhkdhkhhdhhhhhdhddddkhhdkhhdhdkddd,k,hk,k*x*x*%x
kkhkkhkhkkhkhkhkkhkhkhkhkhkhkhhhkhhdhkhhdhkhhdhhkhdhhdhkhhdhkhhdhhkhhhdhdhdddkhhdkhhdhdkdhd**x*,kx*x*%x
R RCM . .... REVERSE CUTHI LL- MCKEE ORDERI NG =~ ******x*
kkhkkhkhkkhkhkhkkhkhkhkhkhhkhhdhkhhdhkhhkhkhhdhhkhkhhdhkhhkdhkhhdhhhhhdhddhdkhhdhhdhkdkdhd k,h*,k*x*x*%x
kkhkkhkhkkhkhkhkkhkhkhkhkhhkhhdhkhhdhkhhkhkhhdhhkhkhhdhkhhdhkhhdhhhhhhkhhddhdkhhd,khhdhdkdhd,k,h*,k*x*x*%x
* %
* PURPCSE - RCM NUMBERS A CONNECTED COVMPONENT SPECI FI ED BY 7.
* MASK AND ROOT, USING THE RCM ALGORI THM 8.
* THE NUMBERI NG | S TO BE STARTED AT THE NCDE ROOT. 9.
* %
* | NPUT PARAMETERS - 11.
* ROOT - IS THE NODE THAT DEFI NES THE CONNECTED 12.
* COVPONENT AND I T IS USED AS THE STARTI NG 13.
* NODE FOR THE RCM ORDERI NG 14.
* (XADJ, ADJINCY) - ADJACENCY STRUCTURE PAI R FOR 15.
* THE GRAPH. 16.
* %
> UPDATED PARAMETERS - 18.
* MASK - ONLY THOSE NODES W TH NONZERO | NPUT MASK 19.
* VALUES ARE CONSI DERED BY THE ROUTINE. THE 20.
* NODES NUVMBERED BY RCM W LL HAVE THEI R 21.
* MASK VALUES SET TO ZERO. 22.
* %
* QUTPUT PARAMETERS - 24,
* PERM - W LL CONTAIN THE RCM ORDERI NG 25.
> CCSIZE - IS THE SI ZE OF THE CONNECTED COVPONENT 26.
> THAT HAS BEEN NUVBERED BY RCM 27.
* %
> WORKI NG PARAMETER - 29.
* DEG - IS A TEMPORARY VECTOR USED TO HOLD THE DEGREE 30.
* OF THE NODES I N THE SECTI ON GRAPH SPECI FI ED 31.
* BY MASK AND ROOT. 32.



* %

** PROGRAM SUBRQOUTI NES - 34.
** DEGREE. 35.
* %
R IR b b b I S b I I I S I b I S I b b S I I S b I I I R R I S b R I I b b I I S S R I I b b I S I I
**/
/* ECP */
| * o o e e o e o e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e —ea * [
| * o o e e o e o e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e eee—ea * [
/* BOP */
/*
*kkkkhkkhkkkhkkkkkk RQJTI NE degree *kkkhkkhkkhkhkkhkkhkkhkkkkkhkk*k
*/
/* | NTERFACE: */
degr eeg(
int root , /* NODE THAT DEFI NES THE CONNECTED COVPONENT */
int *xadj , /* ADJACENCY STRUCTURE COF THE GRAPH OF THE MATRI X */
int *adjncy ,/* ADJACENCY STRUCTURE COF THE GRAPH OF THE MATRI X */
int *mask , /* SPECI FI ES A SECTI ON SUBGRAPH */
int *deg , /* ARRAY CONTAI NI NG THE DEGREES OF THE NODES */
int *ccsize , /* Sl ZE OF THE COVPONENT SPECI FED */
int *ls , /* TEMPORARY VECTOR USED TO STORE THE NODES */
int num [*  *]
)
/* RETURN VALUE: - none - */
/* DESCRI PTI ON: */

/*

** Routine degree

** degree conputes the graph steps to each node in the subgraph.
** Original Comments from Fortran code:

R R R I S I I R R I I I I R R I I R R I I

R R I S I I R R I I R I R R I I S R R R R I I

kkkkkkhkkkhkk*k kkkkkkk*k
DEGREE . .... DEGREE | N MASKED COMPONENT

R R R I S I I R R I I O I I R R R S I I I I R R R R I I

R R S R I S I R R I I R R I I I R R R S I I

* %

*x PURPCSE - THI'S ROUTI NE COMPUTES THE DEGREES OF THE NCDES
*x I N THE CONNECTED COVPONENT SPECI FI ED BY MASK AND ROOT.
*x NODES FOR WH CH MASK |'S ZERO ARE | GNORED.

* %

*x | NPUT PARAMETER -

* ROOT - 1S THE | NPUT NODE THAT DEFI NES THE COVPONENT.
*x (XADJ, ADINCY) - ADJACENCY STRUCTURE PAIR

*x MASK - SPECI FI ES A SECTI ON SUBGRAPH.

* %

*x QUTPUT PARANETERS -

*x DEG - ARRAY CONTAI NI NG THE DEGREES OF THE NCDES | N

*x THE COVPONENT.

*x CCSI ZE- S| ZE OF THE COMPONENT SPECI FED BY MASK AND ROOT
* %

*x VIORKI NG PARAVETER -

*x LS - A TEMPORARY VECTOR USED TO STORE THE NODES OF THE
*x COVPONENT LEVEL BY LEVEL.

* %

© o~

11.
12.
13.
14.

16.
17.
18.
19.

21.
22.
23.



R Tk R Rk kR A R R I R Rk O O
**/
* *
/ ECP /
| o o L L L e e e e e e e e e e e e e e e e e e e eeeiaoos * [

| o o L L L e e e e e e e e e e e e e e e e e e e eeeiaoos * [
/* BOP  */
| *

Rk o RQJTI NE fnroot Rk I R Rk o
*/

/* | NTERFACE: */

f nr oot (
int *root |, /* DEFI NES THE COVWP FOR PSEUDO- PERI PH NODE */
int *xadj , /* ADJACENCY STRUCTURE COF THE GRAPH OF THE MATRI X */
int *adjncy ,/* ADJACENCY STRUCTURE OF THE GRAPH OF THE MATRI X */
int *mask , /* SPECI FI ES A SECTI ON SUBGRAPH */
int *nlvl , /* NUMBER OF LEVELS IN THE LEVEL STRUCTURE */
int *xls , /* LEVEL STRUCTURE ARRAY PAIR */
int *ls , /* LEVEL STRUCTURE ARRAY PAIR */
int num [*  */
)
/* RETURN VALUE: - none - */
/* DESCRI PTI ON: */

/*

** Routine fnroot

** fnroot finds the pseudo-peripheral node for a given subgraph.
** riginal coments from Fortran:

R S R I S I I R R I O R I R R R S I I R R R R I I

R R R I S I I R R I O R R R S I S R R R R I I

kkkkkkhxkk*k *kkkkkk*k
FNROOT .. ... FI ND PSEUDO- PERI PHERAL NODE

IR R I S I I R R I I R I R R S S I I I R R R I I

R R R I S I I R R I I I I I R R R I I I R R R I I

* %

**  PURPOSE - FNROOT | MPLEMENTS A MODI FI ED VERSI ON OF THE 7.
*x SCHEME BY G BBS, POOLE, AND STOCKMEYER TO FI ND PSEUDO 8.
* PERI PHERAL NODES. | T DETERM NES SUCH A NODE FOR THE 0.
*x SECTI ON SUBGRAPH SPECI FI ED BY MASK AND ROOT. 10.
* %

** | NPUT PARAVETERS - 12.
*x (XADJ, ADINCY) - ADJACENCY STRUCTURE PAIR FOR THE GRAPH. 13.
*x MASK - SPECI FI ES A SECTI ON SUBGRAPH. NODES FOR WHI CH 14.
* MASK | S ZERO ARE | GNORED BY FNROOT. 15.
* %

**  UPDATED PARAMETER - 17.
* ROOT - ON INPUT, IT (ALONG W TH MASK) DEFI NES THE 18.
*x COVPONENT FOR WHI CH A PSEUDO- PERI PHERAL NCDE | S 19.
* TO BE FOUND. ON QUTPUT, |IT IS THE NODE OBTAI NED. 20.
* %

**  OUTPUT PARAMETERS - 22.
* NLVL - 1S THE NUMBER OF LEVELS IN THE LEVEL STRUCTURE 23.
*x ROOTED AT THE NODE ROOT. 24.
*x (XLS,LS) - THE LEVEL STRUCTURE ARRAY PAIR CONTAI NI NG 25.
* THE LEVEL STRUCTURE FOUND. 26.

* %

*x PROGRAM SUBRQUTI NES - 28.



** ROOTLS. 29.
* %
R IR S b b I O b b I I I b I S I b b I I I I b I I I R I b b R I I b b I I S S I I I b I I S I
**/
/* ECP */
/* ___________________________________________________________________________ */
/* ___________________________________________________________________________ */
/* BOP */
/*
*kkkkhkkhkkhkkhkkkkkk RQJTI NE rootls *kkkkhkkhkhkkhkkhkkkkkk*k
*/
/* | NTERFACE: */
root!l s(
int root , /* NODE AT WH CH LEVEL STRUCTURE | S ROOTED */
int *xadj , /* ADJACENCY STRUCTURE COF THE GRAPH OF THE MATRI X */
int *adjncy ,/* ADJACENCY STRUCTURE OF THE GRAPH COF THE MATRI X */
int *mask , /* SPECI FI ES A SECTI ON SUBGRAPH */
int *nlvl , /* NUMBER OF LEVELS IN THE LEVEL STRUCTURE */
int *xls , /* LEVEL STRUCTURE ARRAY PAIR */
int *ls , /* LEVEL STRUCTURE ARRAY PAIR */
int num [*  */
)
/* RETURN VALUE: - none - */
/* DESCRI PTI ON: */
/*
** Routine rootls
* %

rootls generates the | evel structure corresponding to "root".

** Original Fortran conments:

R S R I S I I R I R I I I R R S I I R R R R I I
R I S R I S I I R R I I I R R S I I R R R I I
FAF KA KA K ROOTLS ... .. ROOTED LEVEL STRUCTURE FARFHA KA
EE R I R R I I S I I S R I I R I I R R I I O R R R I I

R I R R I S I I R R I O R R I I R R R I I

* %

*x PURPCSE - ROOTLS GENERATES THE LEVEL STRUCTURE ROOTED

*x AT THE | NPUT NODE CALLED ROOT. ONLY THOSE NODES FOR
*x WH CH MASK |'S NONZERO W LL BE CONSI DERED.

* %

*x | NPUT PARANMETERS -

*x ROOT - THE NODE AT WHI CH THE LEVEL STRUCTURE IS TO

*x BE ROOTED.

*x (XADJ, ADINCY) - ADJACENCY STRUCTURE PAIR FOR THE

*x G VEN GRAPH.

*x MASK - 1S USED TO SPECI FY A SECTI ON SUBGRAPH. NODES
*x W TH MASK(1)=0 ARE | GNORED.

* %

*x QUTPUT PARANETERS -

*x NLVL - 1S THE NUMBER OF LEVELS IN THE LEVEL STRUCTURE.
*x (XLS, LS) - ARRAY PAIR FOR THE ROOTED LEVEL STRUCTURE.
* %

R R I R S I I R R I I I I R R I I S I O R R R I I

**/

[* EOP  */



| * o o e e o e o e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e — e — e * [
/* BOP  */
/*
kkhkkhkkhkhkhkkhkhkkkk%x RQJTI NE COI ht kkkkkhkkhkkhkkikhhkhhkkkk
*/
/* | NTERFACE: */
col ht (
GROUP *grp_ptr , /* pointer to current elenment group */
PROFI LE *a /[* ptr to assenbled profile stiffness storage */
)
/* RETURN VALUE: - none - */
/* DESCRI PTI ON: */
/*
** Routine col ht
** col ht conmputes col um hei ghts of global array.
**/
/* EOP  */
| * o o e e o e o e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e me e e * [
| * o o e e o e o e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e me e e * [
/* BOP  */
/*
kkhkkhkkhkkhkhkkhkhkhkkk%x RQJTI NE proflle d| ag IR I b o S O
* | -
/* | NTERFACE: */
profile_diag(
PROFILE *a , [/* ptr to assenbled profile stiffness storage */
i nt profile_case /* old flag for substructuring... */
)
/* RETURN VALUE: - none - */
/* DESCRI PTI ON: */
/*
** Routine profile_diag
** profile diag conputes the diagonal addresses.
**/
/* EOP  */
| * o o e e o e o e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e * [
| F o o e e e o e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e * [
/* BOP  */
/*
kkkhkkhkhkhkhkhkhkkkk RQJTI NE faCtOI' kkhkkhkkkhkhkikhkhkhkkkkk*k
*/
/* | NTERFACE: */
factor (
real *stiff , /* assenbled profile matrix */
i nt *di ag , /* array of diagonal addresses */
i nt nunber _of _eqs /* nunber of equations */

)



/* RETURN VALUE: - none - */

/* DESCRI PTI ON: */

/*

** Routine factor

** factor perforns profil e-based factorization

* % t

** a=(u) * d * u (crout)

kkkkkkhkkkhkkkhkkkx*k RQJTI NE full back kkkkkkhkkkhkkkhkkkkk*k

/* | NTERFACE: */

full _back(
real *stiff , /* factored profile matrix */
real *rhs , /* assenbl ed rhs vector */
i nt *di ag , /* array of diagonal addresses */
i nt nunber _of _eqs /* nunber of equations */
)
/* RETURN VALUE: - none - */
/* DESCRI PTI ON: */

/*
** Routine full _back
** full_back perforns all three steps of backsubstitution.

**/

[ * EOP  */

| e e e e e e e e e [
/* BOP */
| *
*kkkkkhkkkhkkkkkk RQJTI NE- pcg |00p *kkkkhkkhkhkkkhkkkkkhkk*k
* | -

/* | NTERFACE: */

pcg_l oop()
/* RETURN VALUE: - none - */
/* DESCRI PTI ON: */

** Routine pcg_| oop
** pcg_ | oop performs the preconditioned conjugate gradient iteration



kkkkkkhkkkhkkkhkkk*k RQJTI NE Converged kkkkkkhkkkhkkkhkkkk*k
*/

/* | NTERFACE: */

i nt converged(
i nt k /* iteration nunber */

)

/* RETURN VALUE: flag indicating successful convergence (or not) */

/* DESCRI PTI ON: */

/*

** function converged()

** nonitors convergence of CG solver from nmagnitude and history of

** the residual norm

**/

/* EOP  */

/* ___________________________________________________________________________ */

e e e e e e e e e e e */
/* BOP */
| *
*kkkhkkhkkhkkhkkhkkkkk*k RQJTI NE put Soln *kkkkhkkkhkhkkhkkhkkkkkkh*k
* | -

/* | NTERFACE: */

put _sol n(
RHS DATA *solve , /* structure containing rhs arrays */
i nt *id /* id array of eq nunbers */
)
/* RETURN VALUE: - none - */
/* DESCRI PTI ON: */

/*
** Routine put_soln
** put_soln transfers solution to nodal storage

**/

[* EOP  */

*xk File strain.c *xk
*xk GeoFEST version 4.2 *xk
*** Copyright (c) 2002, California Institute of Technol ogy i
*** U. S. Sponsorshi p under NASA Contract NAS7-1260 is acknow edged ***

*** This file contains nodul es which performcal cul ati ons
*** related to el ement stresses and strains:

* % %

* Kk == formstress ==

* ok * == formbeta ==

* ko == form.dbar ==

***/

| * o o e e o e o e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e —ea * [



*kkkkkhkkkhkkkkkk RQJTI NE form Stress *kkkkhkkhkhkkhkkhkkkkkhkk*k
* | -

/* | NTERFACE: */

formstress(
GROUP  *grp_ptr /* pointer to current elenment group */
i nt code /* code specifying elastic or visco */

)

/* RETURN VALUE: -none- */
/* DESCRI PTI ON: */
/*
** Routine formstress
** formstress conputes the stress or tine-step stress increment
** based on the FE sol ution.
**/
/* EOP  */
| * e e e e e e e e e e eeeeeaeaaos
% e e e e e e e e e e eeeeeaeaaos
/* BOP  */
/*
kkkhkkhkkhkhkhkhkhkkkk RQJTI NE form beta EIE R R I S S o I O O
* | -

/* | NTERFACE: */

form bet a(
ELEMENT_DATA *el _pt , /* ptr to current elenment struct */
ELEMENT_MAT  *mat _pt , /* ptr to el material prop struct */
ELEMENT_INFO *info /* ptr to element info struct */

)

/* RETURN VALUE: -none- */

/* DESCRI PTI ON: */

/*

** Routine formbeta

** formbeta conputes beta, the viscoplastic strain rate for

** this elenent and tine step.

**/

/* EOP  */

| * o e e e e e e e e eeeeeeaaos

| % .
/* BOP */
/ *
*kkkkhkkhkkhkkhkkkkkk RQJTI NE form dbar *kkkhkkhkkhkkhkkhkkkkkkhkk*k
* | -

/* | NTERFACE: */

f or m_dbar (
ELEMENT_DATA *el _pt , [/* ptr to current elenment struct */
ELEMENT_MAT  *mat _pt , /* ptr to el material prop struct */
ELEMENT_INFO *info /* ptr to element info struct */

)



/* RETURN VALUE: -none- */
/* DESCRI PTI ON: */

** Routine formdbar
** form.dbar conputes dbar, the VE single-step
** constitutive matrix:

** dbar === (S + al pha delta_t beta')"-1

** pbut we conpute the factored form not the explicit inverse.

% o o e e e e e e e e e e e e e e e e
/*

*kk File utility.c

* kK CGeoFEST version 4.2

*** Copyright (c) 2002, California Institute of Technol ogy

* k%

* k%

* k%

*** U. S. Sponsorshi p under NASA Contract NAS7-1260 is acknow edged ***

*** This file contains niscellaneous utility routines used throughout

*** the finite el ement program

* % %
* ko == nove_real ==
* ko == clear_real ==
* ko == dot _real ==
* ko == vadd ==
e == vouter ==
***/
% o e e e e e e e e
/* BOP  */
/*
kkhkkhkkhkkhkhkkhkhkhkkkk RQJTI NE nove real kkhkkhkkhkhkhkkhkhkhkkkkk*k
* | -

/* | NTERFACE: */

nove_real (

real *from, /* source array */
real *to , /* destination array */
i nt n /* nunber of entries */
)
/* RETURN VALUE: - none - */
/* DESCRI PTI ON: */

/*
** Routine nove_real
** mpve_real copies data to a new | ocation.

**/

[* EOP  */

o e e

% o e e

/* BOP */
| *

*kkkkhkkkhkkkkkk RQJTI NE- Clear real *khkkkkkkhhkhkkhkkhkkkkkk
* | -



/* | NTERFACE: */

clear _real (

r eal *array , /* array to be zapped */
i nt n /* nunber of entries */
)
/* RETURN VALUE: - none - */
/* DESCRI PTI ON: */

/*

** Routine clear _rea

** clear_real nulls a data area.

**/

/* EOP  */

% o o e e e e e e e e e e e e e e e e e e e e e e e e e e

% o e e e
/* BOP */
/ *
*kkkkhkkhkkhkkhkkkkkk RQJTI NE dot real kkkkhkkhkhkhkkhkkhkkkkkhkk*k
* | -

/* | NTERFACE: */

real dot_real(

real *vect 1, /* nmultiplicand array */
real *vect 2, /* multiplicand array */
i nt n /* nunber of entries */

)

/* RETURN VALUE: value of the scal ar product */

/* DESCRI PTI ON: */

/*

** Function dot_real

** dot_real forns dot product of two vectors.

**/

/* EOP  */

% o o e e e e e e e e e e e e e e e e e e e e e e e e

% o e e
[* BOP */
/*
kkhkkhkkhkkhkhkkikhkkkk%x RQJTI NE Vadd IR I o
*/

/* | NTERFACE: */

vadd(
r eal *vl, [* first array */
real mult , /* scalar nultiplier for second array */
real *v2 , /* second array */
real *dest , /* destination array */
i nt neq /* nunber of entries */
)

/* RETURN VALUE: -none- */
/* DESCRI PTI ON: */



/*
** Routine vadd

** cal cul ates the |inear conbination of vectors
* % dest = vl + mult*v2

**/

/* EOP  */

| % o L L e e e e e e e e e e e e e e e e e e e eeeiaoos * [
| % o L L L h e e e e e e e e e e e e e e e e e e eeeiaoos * [
/* BOP  */
| *

*kkkkkkhkkkhxkhkkh*k RQJTI NE VOUter Rk I R Rk o
*/

/* | NTERFACE: */

vout er (
real
real
real
i nt

)

*vl, [* first array */

*v2 , /* second array */

*dest , /* destination array */
neq /* nunmber of entries */

/* RETURN VALUE: -none- */

/* DESCRI PTI ON: */

** Routi ne vouter

** cal cul ates the outer product of two vectors
** actually a misnoner -- it's really the el ement-by-el enent

pr oduct



