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SUBROUTINE CORV
* (N, IA,JAA, P, IP, NSP,ISP, PATH, FLAG)

DESCRIPTION

OORY FINDS A MINIMUM DEGREE CRDERING CF THE ROWS AND COLUMNS OF A
SYMMETRIC MATRIX & STORED IN (IA,JA,A) FORMAT (SEf BELOW). FOR THE
REORDERED MATRIX, THE WORK AND STURAGE REQUIRED TO PERFORM- GAUSSIAN
ELIMINATION IS (USUALLY) SIGNIFICANTLY LESS.

IF ONLY THE NONZERD ENTRIES IN THE UPPER TRIANGLE OF M ARE BEING
STORED, THEN ODRV SYMMETRICALLY REORDERS (IA,JA_A), (OPTIONALLY)
WITH THE DIAGONAL ENTRIES PLACED FIRST IN EACH ROW. THIS IS T4
ENSURE THAT IF M(I,2) WILL BE IN THE UPPER TRIANGLE OF M ¥ITH
RESPECT TO THE NEW ORDERING, THEN M{I,J) IS SYDRED IN ROW I (AND
THUS M{J,I) IS NOT STORED); WHEREAS IF M(I,J) WILL BE IN THE
STRICT LOWER TRIANGLE OF M, THEN M{J,I) IS STORED IN ROW J (AND
THUS M(I,J) IS NOT STORED).

STORAGE OF SPARSE MATRICES

THE NONZERD ENTRIES OF THE MATRIX M ARE STORED RODW-BY-ROW IN THE
ARRAY A, TO IDENTIFY THE INDIVIDUAL NONZERD ENTRIES IN EACH ROW,
WE NEED TD KNOW IN WHICH COLUMN EACH ENTRY LIES. THESE COLUMK
INDICES ARE SYORED IN THE ARRAY JA; I.e., IF A{K} = M(1,J), THEN
JA(K) = J. TO IDENTIFY THE INDIVIDUAL ROWS, WE NEED TO KNOW WHERE
EACH ROW STARTS. THESE ROW POINTERS ARE STGRED IN THE ARRAY IA;
I.€., IF M(I,J) IS THE FIRST MONZERD ENTRY -(STORED) IN THE I-TH ROW
AND A(K) =-M(I,J), THEN IA(I) = K. MOREOVER, IA(N+1} POINTS TO
THE FIRST LOCATION FOLLOWING THE LAST ELEMENT IR THE LAST ROY.
THUS, THE ‘NUMBER OF ENTRIES IN THE I-TH ROW IS TIA(I+1) - IA(I},
THE NONZERC ENTRIES IN THE I-TH RCW ARE STORED CONSECUTIVELY IN

ALIACTY), ATA(I+1), .... A(TA(I+1}-1},
AND . THE CORRESPONDING COLUMN INDICES ARE STORED CONSECUTIVELY IN
JACIACI)), JACTACI)+1), ..., JA(IA(I+1)-1).

SINCE THE CDEFFICIENT MATRIX IS SYMMETRIC, DNLY THE NONZERO ENTRIES
IN THE UPPER TRIANGLE NEED BE STORED. FOR EXAMPLE, THE MATRIX

(1 0 2 3 0)
{0 4 00 0
M={(2 0 B 6 0)
{3 0 6 7 8)
{6 0 0 8 9)

CoULD BE STORED AS

}'1 2 3 4 6 8 7 8 ¢1011 1213
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METRICALLY) AS

PARAMETERS

=
]

IA

JA

F
P

P -

IF

NSP

ISP

PATH -

FLAG -

ORDER OF THE MATRIX

INTEGER ONE-DIMENSIONAL ARRAY CONTAINING POINTERS TO DELIMIT
ROWS IN JA AND A; DIMENSION = N+l

INTEGER ONE-DIMENSIGNAL ARRAY CONTAINING THE COLUMN INDICES
CORRESFONDING 70 THE ELEMENTS OF A; DIMEKSION = KUMBER GF
NONZERD ENTRIES IN (THE UPPER TRIANGLE OF) M

REAL DNE-DIMENSIONAL ARRAY CONTAINING THE NDNZERO ENTRIES IN
(THE UPPER TRIANGLE OF) M, STORED BY ROWS; DIMENSION =
NUMBER OF NONZERC ENTRIES IN (THE UPPER TRIANGLE OF) M

INTEGER ORE-DIMENSIONAL ARRAY USED TO RETURN THE PERMUTATICN
OF THE ROWS AND CGLUMNS Of M CORRESPONDING TO THE MINIMUM
DEGREE ORDERING; OIMENSICN = N

INTEGER ONE-DIMENSIONAL ARRAY USED T RETURN THE INVERSE GOF
THE PERMUTATION RETURNED IN P; DIMENSION = N

DECLARED DIMENSION OF THE ONE-DIMENSIONAL ARRAY ISP; NSP
MUST BE AT LEAST 3N+4K, WHERE K IS THE NUMBER OF NONZEROES
IN THE STRICT UPPER TRIANGLE OF M

INTEGER ONE-DIMENSIONAL ARRAY USED FOR WORKING STORAGE;
DIMENSION = NSP

INTEGER PATH SPECIFICATICN; VALUES AND THEIR MEAKRINGS ARE -

1 FIND MINIMUM DEGREE ORDERING ONLY

2 FIND MINIMUM DEGREE ORDERING AND REORDER SYMMETRICALLY
STORED MATRIX {USED WHEN ONLY THE NONZERD ENTRIES TN
THE UPPER TRIANGLE OF M ARE BEING STORED)

3 REORDER SYMMETRICALLY STORED MATRIX AS SPECIFIED- BY
INPUT PERMUTATION (USED WHEN AN ORDERING HAS ALREADY
BEEN DETERMINED AND ONLY THE NONZERQ ENTRITS IN THE
UPPER TRIANGLE OF M ARE BEING STORED)

4 SAME AS 2 BUT PUT DIAGONAL ENTRIES AT START OF EACH ROW

5 SAME AS 3 BUT PUT DIAGONAL ENTRIES AT START OF EACH ROW

INTEGER ERROR FLAG; VALUES AND THEIR MEANINGS ARE -
0 NO ERRORS DEYECTED
SN+K  INSUFFICIENT STCRAGE IN #MD
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10N+1 INSUFFICIENT STORAGE IN QDRY
1iN+1 ILLEGAL PATH SPECIFICATION
CONVERSION FROM REAL TO DOUBLE PRECISION
CHANGE THE REAL DECLARATIONS IN ODRY AND SRO TO DOUBLE PRECISIGN
DECLARATLONS.
INTEGER TA(1}, JA(1), P(1), IP(1), ISP(1). PATH, FLAG,
* ¥, L, HEAD, THWP. Q
REAL A(1)
c... DOUBLE PRECTSION A{L)

LOGICAL OFLAG

-

|

C~--~INITIALIZE ERROR FLAG AND VALIDATE PATH SPECIFICATION
FLAG = ©
IF (PATH.LT.1 .OR. 5.LT.PATH) GO 7O 111

C

C——--ALLOCATE STORAGE AND FIND MINIMUM DEGREF ORDERING
IF {(PATH-1) = (PATH-2) = {PATH-4) .NE. 0) GD 7D 1

MAX = {NSP-N}/2

¥ =1
L =¥ +  MAX
HEAD = L + MAX

NEXT = HEAD + N
IF (MAX.LT.N) GO TO 110

C
CALL MD
* (N, IA,JA, MAX,ISP(¥),ISP(L), ISP(HEAD).P,IP, ISPI¥), FLAG)
IF (FLAG.NE.D) GO TD 100
C

C----ALLDCATE STORAGE AND SYMMETRICALLY REORDER MATRIX
1 IF ({PATH-2} = (PATH-3) = (PATH-4) *» (PATR-5} NE. 0} GO 70 2

THP = (NSP+1) - N
Q = THP - (IA{N+1)-1)
IF (¢.LT.1) GO TO 110
¢
DFLAG = PATH.EQ. 4 .OR. PATH.EQ.5
CALL 5RO
* (&, IP, IA, JA, A, ISP{TMP), ISP(Q), DFLAG)
¢
2 RETURN
c
C *% ERROR -- ERROR DETECTED IN MD
100  RETURN

C »* ERROR -- INSUFFICIENT STORAGE
110 FLAG = 10N + 1
RETURN
C ¢ ERROR -- ILLEGAL PATH SPECIFIED
111 FLAG = 11N % 1
RETURN
END
CREAFEXREFRAFKERARBEERRRENRCF R A RERBARER RIS BB AR AR AL KRR R EN R LR R S
T S P T A T e 2 T T e L L ey
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€ MD -- HININUM DEGREE ALGORITHM (BASED ON ELEMENT MODEL)
CHEXREENEIATEEERERNEEERR S LI RN EE RS LR R A RRAT R LT RN A A TR LSRR LR E AR KR L N

SUBROUTINE MD

MAX -

HEAD -

LAST -

NEXT -

MARK -

FLAG -

ﬁﬂﬁﬂﬁﬁﬂﬁﬂﬂnﬁﬁﬁt"lOﬂnﬁ‘ﬁﬂnﬁﬁﬁﬁﬁﬁﬁnﬂﬁnﬂﬁﬁﬁﬂﬁﬁﬁﬁﬁﬁﬁﬂﬁﬁﬁﬂﬁl"‘)ﬁ

(N, IA,JA, BAX, V, L, HEAD,LAST,NEXT, MARK, FLAG)

DESCRIPTICN

D FINDS A MINIMUM DEGREE CRDERING OF THE ROWS AND COLUMNS OF A
SYMMETRIC MATRIX M STGRED IN (IA,JA,A) FORMAT,

ADDITIONAL PARAMEYERS

DECLARED DIMENSIGN OF THE ONE-DIMENSIOKAL ARRAYS ¥ AND L;
MAX MUST BE AT LEAST WN+2K, WHERE K IS THE NUMBER CF
NONZEROES IN THE STRICT UPPER TRIANGLE OF M

INTEGER ONE-DIMENSIONAL WORK ARRAY; DIMENSION = MAX
INTEGER ONE-DINENSIONA( WORK ARRAY; {DIMXENSION = MAX
INTEGER ONE-DIMENSIONAL WORK ARRAY; DIMENSION = N

INTEGER ONE-DIMENSIONAL ARRAY USED TO RETURN THE PERMUTATION
OF THE ROMS AND COLUMNS GF M CORRESPONDING TO THE MININUM
DEGREE ORDERING, DIMENSION = N

INTEGER ONE-DIMENSIGNAL ARRAY USED TU RETURN THE INVERSE OF
THE PERMUTATION RETURNED IN LAST,; DIMENSION ~ K

INTEGER ONE-DIMENSIONAL WORK ARRAY (MAY BE THE SAME AS V);
DIMENSION = N

INTEGER ERROR FLAG; VALUES AND THEIR MEANINGS ARE -
Q NG ERRORS DETECTED
11N+1 INSUFFICIENT STORAGE IN MD

DEFINITIONS OF INTERNAL PARAMETERS

_________ e et m—m e m e

v(s) | VALUE FIELD OF LIST ENTRY

_________ e e mm

L) } LINK FIELD OF LIST ENTRY (0 =» END COF LIST)

_________ e e e e

LvI) | POINTER TO ELEMENT LIST OF UNELIMINATED VERTEX VI

LGE) | FOINTER TO BOUNDARY LIST OF ACTIVE ELEMENT £2

NEADG) 1 V1> vi KR OF OuTSTO
i

0 => NO VERTEX IN D-LIST D

[ VI UNELIMINATED VERTEX
| ¥I IN EK | yI NOT IN EK
.

————————————————————————————— o o o e

NEXTCVI) | UNDEFENED BUT WDNNEGATIVE | ¥WJ => ¥J NEXT IN D-LISY




[ Mo

*

c

0 => VI TAIL OF D-LIST

|-¥K => COMPUTE DEGREE ¥4 => ¥J LAST IN D-LIST

!

LAST{VI} | {NOT SET UNTIL MDP) | =D => ¥I HEAD OF D-LIST D
[
I

d
| EJ => ¥I PROTOTYPE OF E2 0 => ¥I NOT IN ANY D-LIST

| ¢ => DO NOT COMPUTE DEGREE |

C

C

o

G

C

€

£ e i e
c MARK{VI) | MARK{¥K) [ NOKNEGATIVE TAG < MARK{Vi)
C

C

C i VI FLIMINATED VERTEX

C i EI ACTIVE ELEMENT | OTHERWISE

C - D e e ettt L b b e e T e
c NEXT(VI) } ~J => VI WAS J-TH VERTEX ] -J => VI WAS J-TH VERTEX

C [ YO BE ELIMINATED H T0 BE ELIMINATED

C --------- e ——— - - A o e
o LASTE(VI) | M => SIZEOF EI = # | UNDEFINED

{ W mmm—————— i e e e A e
C MARK(YI) | -M => GYERLAP COUNT OF EI | UNDEFINED

C | WITH EK = M [

C | OTHERWISE NONNEGATIVE TAG |

C [ < WARK{VI) |

C

INTEGER TIA(1), JAC1), ¥(1}, L(1). HEAR(1), LAST{1}, NEXT(i),

MARK{1), FLAG, TAG, DMIN, VYK, EK, TAIL

EQUIVALENCE (VK,EK)

C----INLTTALIZATION

x

c

TAG = @
CALL MDI

(N, IA,JA, MAX,¥ L, HEAD,LAST,NEXT, MARK,TAG, FLAG)

IF {FLAG.NE.O) RETURN

=0

DMIN = 1

L-—--WHILE K < N DO

1

TF (K.GE.N) GO TO 4

c
C--~=~~SEARCH FOR VERTEX OF MINIMUM DEGREE
2 IF (HEAD(DNIN}.GT.0) GO TO 3
DMIN = DMIN + 1
GO 0 2
c
C-m---- REMOVE VERTEX VK OF MINIMUM DEGREE FROM DEGREE LIST
3 ¥K = HEAD(DMIN)
HEAD(DMIN) = NEXT(VK)
IF (HEAD(DMIN}.GT.0) LAST(HEAD{DKIN)} = -DMIN
¢
L NUNBER VERTEX YK, ADJUST TAG, AND TAG VK

K = K+1

NEXT{YK) = K
LAST(EK} = DMIN - 1
TAG = TAG + LAST(EX)
MARK (VK] = TAG

R T e P T,



C
Crmeu—- FORM ELENENT EK FROM UNELIMINATED NEIGHBORS OF VK
CALL MDM
L (VK TAIL, ¥,L, LAST, NEXT, MARKX)
C
Cr=mr=- PURGE INACTIVE ELEMENTS AND DO MASS ELIMINATION
CALL MDP
* (X EK.TAIL, ¥,t, HEAD,LAST,NEXT, MARK)
c
C-——-m= UPDATE DEGREES OF UNELIMINATED VERTICES IN EK
CALL MDU
* (EK,DNIN, ¥,L, HEAD,LAST NEXT, MARK)
C
G T0 1
C

C----GENERATE INVERSE PERMUTATION FROM PERMUTATIOM
4 OC & K=1,N
NEXT{K) = -NEXT(K)

) LASTINEXT(K)) = K
c
RETURN
END
¢
CRESP RS EARIERREALD REFERRENRARERE ERXEAREREERE ERyyky
¢ MDI - INITIALIZATION
CHEERRENRNREREIRE LI EE IS 2ERN ayy
SUBROUTINE MDI
* (N, IA,JA, MAX_V,L, HEAD,LAST,NEXT, MARK,TAG, FLAG)
INTEGER IA(1), JACL), ¥(1), L€1), HEAD(1}, LAST(1)}, MEXT(1),
» NARK{1), TAG. FLAG, SFS, YI,O¥VI, ¥J
¢
C----INITIALIZE DEGREES, ELEMENT LISTS, AND DEGREE LISTS
b0 1 vI=1,N
HARK(VI) = 1
L{¥I) = 0
1 HEAD{VI) = 0
SFS = N+l
c

C----CREATE NONZERO STRUCTURE
C-~-—FOR EACH NONZERO ENTRY A(VI.VJ) IN STRICT UPPER TRIANGLE
DD 3 ¥I=1i,N
JRIN = TA{VI)
JMAX = IA(VI+1) - 1}
IF (JMIN.GT,IMAX) GO TO 3
D0 2 J=IMIN, JMAX
VJ = JALD
IF (VI.GE.¥J) GD TO 2
IF {SFS.GE.MAX} GO TQ 101

<

Cummmm ~ENTER ¥J IN ELEMENT LIST FOR VI
MARK(VI) = MARK(VI} + 1
V(5FS) = v)
L{SFS) = L(VI)
L{VI} = SFS
SFS = SFS+1

c

C-rmr- ENTER VI IN ELEMENT LIST FOR ¥J
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MARK(YJ) = MARK(¥J) + 1

V(SFS) = ¥I
L{5FS) = L{VJ)
L(¥J) = SFS
SF$ = SFS+}
2 CONTINUE
3 CONTINUE
C
C~---CREATE DEGREE LISTS AND INITIALIZE MARK VECTOR
bo 4 ¥I=L,N
DVI = MARK (VI)
NEXTIVI) = HEAD(DVI)
HEADIDVI) = VI
LAST(VI} = -DVI
IF {(NEXT{VI) .GT.0} LASTINEXT(VI}) = VI
4 MARK{VI) = TaG
[
RETURN
C

C #4 ERROR -- INSUFFICTIENT STORAGE
101 FLAG = g*N + ¥I
RETURN
END
<
CHRESEFMERRREF AN EERR AR ERAR LR RS R RS AR RN KE DR R R R AR AR R E R AR RN E AR R E
C MDM -- FORM ELEMENT FROM UNELIMINATED NEIGHBORS OF VK
CHIRBERLRRERRE NS KERRREFERBRNEE E AR RE R R RS RN R R SN EE R Rk RERERLE *EXkY
SUBROUTINE NDM
* {YK,TAIL, V,L, LAST,NEXT, MARK)
INTEGER WK, TAIL, ¥{1), L{1), LAST(1), NEXT{1}, MARK(1},
* TAG, 5,L5,¥5,ES, B,LB,V¥8, BLP,BLPMAX
EQUIVALENCE (vS, ES)

¢
C-~~-INITIALIZE TAG AND LIST OF UNELIMINATED NEIGHBORS
TAG = MARK (VK}

TAIL = ¥K
C
C----FOR EACH VERTEX/ELEMENT VS/ES IN ELEMENT LIST OF VK
LS = L{¥K)
1 $=1LS
IF {(S.E§.0) GDTO B
Ls = L(SY
¥s = ¥(S)
IF (NEXT(VS).LT.Q) GO TD 2
c
C------ IF ¥S IS UNELIMINATED VERTEX, THENK TAG AND APPEND TQ LIST OF
C--——--- UNELIMINATED NEIGHBORS
MARK{¥S) = TAG
L{TAIL) = 5
TAIL = §
GO TG 4
o
Commmmm IF ES IS ACFIVE ELEMENT, THEN ...
L FOR EACH VERTEX YB IN BOUNDARY LIST OF ELEMENT ES
2 LB = L(ES)

BLPMAX = LAST(ES)
DO 3 BLP=1,BLPMAX

s T MR L 3 TN A & AR 5rd  n - . --
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B = L8
ih = L(B)
¥8 = V(B)
C
C--—-—-———- IF ¥B IS UNTAGGED VERTEX, THEM TAG AND APPEND TD LIST OF
C-—mmm e UNELIMINATED NEICHBORS
IF (MARK(VB).GE TAG) GO0 TO 3
MARK (VB) = TAG
L{TAIL) = B
TAIL = B
3 CONTINUE
¢
Commmmmmm MARK ES TINACTIVE
MARK (E5) = TAG
C
4 GO 70 1
C

C--—-TERMINATE LIST OF UNELIMINATED NEIGHBORS
5  L{TAIL) = 0
C
RETURN
END
C
(T E T RS E PR S E T TS RN P A SRR 2 E b PRI ER TR IS T S
C MDP -- PURGE INACTIVE £LEMENTS AND DD MASS ELIMINATION
Chskrkrkbkhd e krbtdadfdbrbhthmimbirbithsihrhdbibkabhbdbitirtit ke dkdner e
SUBROUTINE MOP
* (K,EK,TAIL, V,L. HEAD,LAST,NEXT, MARK)
INTEGER EK, TAIL, ¥{1}, L(1), HEAD(1), LAST(I), NEXT(1),
* MARK (1)}, TAG, FREE, LI,vI,LVI.EVI, S,LS,ES, ILP,ILPMAX
c
C—-~INITIALIZE TAG
TAG = MARK(EK)
C
C-——-FOR EACH VERTEX ¥I IN FK
LT = EX
ILPNAX = LAST(EK)
IF (ILPMAX.LE.0) GO TO 12
D0 11 ILP=1,ILPMAX
I=LI
LI = L{I)
VI = ¥{LID

= REMOVE ¥I FROM DEGREE LIST
IF (LAST{VI).EQ.0) GD TO 3
IF (LAST(VI) .GT.0} GO TO 1
HEAD(~LAST(VI)) = NEXT{VI)
GO TO 2
1 NEXT(LAST(VI)) = NEXT(VI)
2 IF (NEXT(VI).CT.Q) LASTINEXT(¥I)) = LAST(¥I)

C----—- REMOVE INACTIVE ITEMS FROM ELEMENT LIST OF VI
3 L5 = ¥I
4 5 =15
s = L(S)
IF {LS.EQ.0) GO TO 6
ES = ¥(LS)
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IF (MARK{ES) .LT.TAG} GO TO b

FREE = LS
L{s) = L{LSY
15 = 8§
& G 10 4
C
- IF VI IS INTERIDR VERTEX, THEN REMOVE FROM LIST AND ELIMINATE
8 L¥I = L{vI}
IF {LYI.NE.O) GO TO 7
L(IY = L{LI}
tI = I
c
K = K+l
NEXT(VI) = -K
LAST(EK) = LAST(EK) - 1
G0 D 11
C
- ELSE
[ CLASSIFY VERTEX VI
7 IF (L{L¥I).ME. O} GO TD 9
EVI = V(LVI)
IF (NEXT(EVI).GE.0) GO TD 9
IF (MARK{EVI} .AT.0) GO TD B
c
- IF VI IS PROTOTYPE YERTEX, THEN MARK AS SUCH, INITIALIZE
R OVERLAP CDUNT FOR CORRESPONDING ELEMENT, AND NOVE VI TO END
- OF BOUNDARY LIST
LAST(VI) = EVI
MARK(EYI) = -1
L(TAIL) = LI
TAIL = LI
L(I) = L(LT)
LI=1
GO TO 10
C
Crmomme ELSE IF VI IS DUPLICATE VERTEX, THEN WARK AS SUCH AND ADJUST
C-~mmmmmmm OVERLAP COUNT FOR CCRRESPONDING ELEMENT
.} LAST(VI) = O
MARK(EVI) = MARK(EVI) - 1
GG TO 10
C
Lo ELSE MARK VI T0 COMPUTE DEGREE
9 LAST(V¥I) = -EX
C
- INSERT EK IN ELENENT LIST OF ¥I
10 V(FREE) = EK
L{FREE) = L(¥1}
L(YI} = fREE
i1 CONTINUE
c

C----TERMINATE BOUNDARY LIST
12 LITATLY = 0
[
RETURN
END
C
CHERFRRRAREERENERRERRA R TR LR RS EEESH AR S E R F LR RN LRI K IR RS AL

- - am il v v 1 A TR S AW a1 T
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C MDU -- UPDATE DEGREES OF UNELIMINATED VERTICES IN EX
Cresxakibbdkions £33 £ Rk h Rk rE Rl £ F kbR Ak hddd % ahaad e kbbb it nsdn

SUBROUTINE DU

* {EK,DMIN, V,L, HEAD,LAST,NEXT, MARK}
INTEGER EK, DMIN, V¥(1), {1}, HEAD(1}, LAST(1), NEXTC(1},
* MARK(1), TAG, VI,EVI,DVI, 5,VS,ES, B,VB, ILP,ILPMAX,

® BLP, BLPNAX
EQUIVALENCE (VS, ES)
C
C--~~INITIALIZE TAG
TAG = MARK{EK) - LAST(EK}

C
C----FOR EACH VERTEX VI TN EK
T = EK
TLPMAX = LAST(FX)
IF (ILPMAX.LE.0) @O TO 11
D8 10 ILP=1,ILPMAX
I=4u{)
¥I = ¥(I)
IF (LAST(¥I)) 1, 10, 8
C
Com-mn= IF VI NEITHER PROTOTYPE NOR DUPLICATE VERTEX, THEN MERGE ELEMENTS
C------ TO COMPUTE DEGREE
1 TAG = TAG + 1
DVI = LAST(EK)
¢
¢--------FOR EACH VERTEX/ELEMENT ¥S/ES IN ELEMENT LIST OF VI
S = L{VI)
2 S = L(S)
IF (S.ER.0} GO TO @
VS = v{S)
IF (NEXT(¥S).LT.0) GO 7O 3
C
L IF VS IS UNELIMINATED VERTEX, THEN TAG AND ADJUST DEGREE
MARK (¥S) = TAG
DVI = D¥I + 1
GO TO B
C
o IF ES IS ACTIVE ELEMENT, THEN EXPAND
L e CHECK FOR QUTHATCHED YERTEX
3 IF (MARK(£S).LT.0) GO TO 6
C
R FOR EACH VERTEX VB IN £S
B = ES
BLFMAX = LAST(ES)
DO 4 BLP=1,BLPMAX
B = L(B)
VB = v{B)
¢
e et IF Y8 IS UNTAGGED, THEN TAG AND ADJUST DEGREE
IF {MARK(YB) .GE.TAG} GOD TD 4
MARK(VB) = TAG
DVI = DY¥I + 1
' CONTINUE
¢
B Go 70 2
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C-—- ELSE IF VI IS OUTMATCHED YERTEX, THEN ADJUST OVERLAPS BUT DO NOT
o COMPUTE DEGREE
] LAST(VI) =0
MARK{ES) = MARK{ES} - 1
7 S = L(S)
IFf (S.EQ.0) GO TD 10
ES = ¥(S)
IF {MARK{ES) .LT.0) MARK(ES} = MARK(ES) - 1
G 70 7
o
Comrmmmm ELSE TF VI IS5 PROTOTYPE VERTEX, THEN CALCULATE DEGREE BY
Cremm- INCLUSION/EXCLUSION AND RESET OVERLAP COUNT
8 EVI = LAST(YD)

DVI = LAST(EK) + LAST(EVI) + MARK{EVI)
MARK (E¥I) = 0

C
C--=~=-= INSERT ¥I IN APPROPRIATE DEGREE LIST
9 NEXT{¥I) = HEAD(DVI}
HEAD{DYI) = ¥I
LAST{VI) = -DVI
IF (NEXT(VI).GT.0) LAST{NEXT{(YI)) = 11
IF (DVI.LT_DMIN) DMIN = DVI
c
10 CONTINUE
C
11 RETURN

END
o T Ty Ty T e P Y ST T T I3 3 T
CHEFEEERREERRERETENXELEIRERRKEERERRERRE EX AR ER RN R L Md Rk kb kb bk bk nhkEkn
£ SRO -- SYMMETRIC REQRDERING OF SPARSE SYMMETRIC MATRIX
CHERERFEREENERERERXARABEEEERERRERRRECFRTARE REETUREREE RN kK ko ko
SUBROUTIME SRO
* (M, IP, TA,JA, A, §, R, DFLAG)

DESCRIFTION

THE NONZERO ENTRIES OF THE WATRIX K ARE ASSUMED TO BE STORED
SYMMETRICALLY IN (IA,JA,AY FORMAT (I.E., NOT BOTH M(I,J) AND M(J,I)
ARE STORED IF I NE- ).

SRO DOES NOT REARRANGE THE ORDER OF THE ROWS, BUT DDES MOVE
NONZEROES FROM ONE ROW TO ANOTHER TO ENSURE THAT IF M(I,J} WILL BE
IN THE UPPER TRIANGLE OF M WITH RESPECT TO THE NEW ORDERING, THEN
M(I,J)) IS STORED IN R0W I (AND THUS M{J,I) IS NOT STORED): WHEREAS
IF M(I,J) WILL BE IN THE STRICT LOWER TRIANGLE OF ¥, THEN M(J,I} IS
STOGRED IN ROW J (AND THUS M(I,J) IS NOT STORED).

ADDITIONAL PARAMETERS

"] - INTEGER ONE-DIMENSICGNAL WORK ARRAY; ODIMENSIDN = N

It

R - INTEGER ONE-DIMENSIONAL WORK ARRAY; DIMENSION = NUMBER OF

NONZERD ENTRIES IN THE UPPER TRIANGLE OF M

DFLAG - LOGICAL VARIABLE; If DFLAG = _TRUE., THEN STORC NOKZERD
DIAGGNAL ELEMENTS AT THE BEGINNING OF THE ROW

OO OO0 000000O000000G0000
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INTEGER TIP(1Yy, IA{1), Ja(1), 4qQ{1), rR()
REAL Af1), AX
C... DOUBLE PRECISION A(1), MK
LOGICAL DFLAG
L
C
C--PHASE 1 -- FIND ROW IN WHICH TG STORE EACH MONZERD
C----INITIALIZE COUNT OF NONZERDES TO BE STORED IN EACH ROW

D0 1 I=1,N
1 QI =9
o
C----FOR EACH NONZERD ELEMENT A (J)
D0 3 I=1,N
JMIN = IA(T)
JMAX = IACI+1) - 1
IF (JMIN.GT.JMAX) 60 TO 3
00 2 J=JMIN, JMAX
C
C-——-——=m FIND ROW {(=R(J)) AND COLUMN {=JA{J)) IN WHICH TO STORE A{J}
K = JALD
IF {IP{X).LT.IPCI}Y JA{l) =1
IF {IP(K).GE.IP(I})) K =1I
R(4H =K
C
R ... AND INCREMENT COUNT OF NONZEROES (=Q(R{J)} IN THAT ROMW
2 QOO = Qi) + 1
3 CONTIIVE
C
C

C~—PHASE 2 -- FIND NEW TA AND PERMUTATION TO APPLY TO (JA,A)
C—---DETERMINE POINTERS TO DELIMIT ROWS IN PERMUTED (JA,A)
DO 4 I=1,N
IA(I+1) = TA{I) + QLI)
4 Q) ="Ia(l+1)
C
C--—-DETERMIKE WHERE EACH (JACJ),A[J)) I5 STORED EN PERMUTED {(JA,A)
C----FOR EACH NONZERD ELEMENT {IN REVERSE ORDER)
ILAST = 0
SHIN = IACY)
JHAX = TA(N+1) - 1
J = IMAX
DO 8 JDUMMY=JMIN, JHAX
I = R{JY
IF (. NOT.DFLAG .OR. JA{J).NE.I .OR. I.EQ.ILAST) GO TO 5

non

Conmn If DFLAG, THEN PUT DIAGONAL NONZERO AT BEGINNING OF RCW
R¢J) = TA(TY
TLAST = T
GG TO &

T PUT (OFF-DIAGONAL) NONZERO IN LAST UNUSED LOCATION IN ROW
6 QT = (I - 1
RS = (D)



C
C
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C--PHASE 3 -- PERMUTE (JA,A) TO UPPER TRIANGULAR FORM (WRT NEW ORDERING)

c

DD 8 J=JIMIN, JMAX
IF (R{J).EQ.J} GO TO 8

K = R(D
R{J) = R(K)
REKY = K
JAK = JA(K)
JALK) = JA{D)
JALJ) = JAK
AK = A(K)
A(K) = ACD)
A(J) = AK
Go To0 7
CONTINUE
RETURN

END
1/16/81
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C SDRY -- DRIVER FOR SPARSE SYMMETRIC POSITIVE DEFINITE MATRIX ROUTINES
o L T e L s s F T e S P TR T T 2

OO OO0 OO0 N0 000000000000 0000

SUBROUTINE SORY
* (N, P,IP, IA,JA,A, B, Z, NSP,ISP,RSP,ESP, PATH, FLAG)

DESCRIPTION

SDRY SOLVES SPARSE SYMMETRIC POSITIVE DEFINITE SYSTEMS OF LIKEAR
EQUATIONS. THE S0LUTION PROCESS IS DIVIDED INTO THREE STAGES --

SSF - THE COEFFICIENT MATRIX M IS FACTORED SYMBOLICALLY TO
DETERMINE WHERE FILLIN WILL OCCUR DURING THE NUMERIC
FACTORIZATION,

SNF - M IS FACTYORED NUMERICALLY INTO THE PRODUCT UT-D-U!, WHERE
D IS DIAGONAL AKD U IS UNIT UPPER TRIANGULAR.

SNS - THE LINEAR SYSTEM, MX = B IS SOLYED USING THE UT-D-U
FACTORIZATION FRON SNF,

FOR SEVERAL SYSTEMS WITH THE SAME CDEFFICIENT MATRIX, SSF AND SNF
NEED BE DONE GNLY UNC@’(FOR THE FIRST SYSTEM); THEN SNS IS DONE
ONCE FOR EACH ADDITIONAL RIGHT-HAND SIDE. FOR SEVERAL SYSTEMS
WHOSE COEFFICIENT MATRICES HAVE THE SAME NONZERD STRUCTURE, SSF
NEED BE DONE ONLY ONCE (FOR THE FIRST SYSTEM); THEN SNF AND SNS
ARE DONE ONCE FOR EACH ADDITIONAL SYSTEM,

STORAGE OF SPARSE MATRICES

THE NONZERD ENTRIES OF THE MATRIX M ARE STORED ROW-BY-ROW IN THE
ARRAY A. TO IDENTIFY THE INDIVIDUAL NONZERO ENTRIES IN EACH ROW,
wE NEED TU KNOW IN WHICH COLUMN EACH ENTRY LIES. THESE COLUMN
INDICES ARE STORED IN THE ARRAY JA; I.E., IF A(K) = N(I.J), THEN
JACKY = J. TO IDENTIFY THE INDIVIDUAL ROWS, WE NEED TO KNOW WHERE

a w1 iR T
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EACH ROW STARTS., THESE ROW POINTERS ARE STORED IN THE ARRAY IA;
I.E., IF M(I1,J) IS THE FIRST NONZERO ENYRY (STORED} IN THE I-TH ROW
AND A{K) = M(I,J), THEN TIA{I) = K. MOREOVER, IA(N+1) POINTS TO
THE FIRST LOCATION FOLLOWING THE LAST ELEMENT IN THE LAST ROW.
THUS, THE NUMBER OF ENTRIES IN THE I-TH ROW IS TA(I+1) - IA(l),
THE NONZERO ENTRIES IN THE I-TH RDW ARE STORED CONSECUTIVELY IN

ACIACT)Y, ACIACI)+1), ..., ACTACI+1D-1D,
AND THE CDRRESPONDING COLUMN INDICES ARE STORED CONSECUTIVELY IN
JACTIA(TY), JACTALDD+1), ..., JACZA(I+L)-1).

SINCE THE COEFFICIENT MATRIX IS SYMMETRIC, CONLY THE NONZERO ENTRIES
IN THE UFFER TRIANGLE NEED BE STORED, FOR ENAMPLE, THE MATRIX

(1 a 2 3 0)
(0 4 0 0 0)
M=(2 0 & & ¢)
(3 0 6 7 8)
(o 0 0 B %)

COULD BE STORED AS

1 2 3 45 67 8 9210111213

im = = = -

L <
S
—

3 4 5 4 65
g 7 &4 a @

REORDERING THE ROWS AND COLUMNS OF M

A SYMMETRIC PERMUTATION OF THE ROWS AND COLUMNS OF THE COEFFICIENT
MATRIX M (E.G., WHICH REDUCES FILLIN OR ENHANCES NUMERICAL
STABILITY) NUST BE SPECIFIED. THE SOLUTION 7 IS RETURNED IN THE
ORIGINAL ORDER.

TO SPECIFY THE TRIVIAL ORDERIMG (I.E., THE IDENTITY PERMUTATION),
SET P(I) = IP(I) =1, I=1,..., N. 1IN THIS CASE, P AND IPF CAN BE

THE SAME ARRAY,

IF A NONTRIVIAL ORDERING (I.£., NOT THE IDENTITY PERMUTATION) IS
SPECTFIED AND K IS STORED SYNMETRICALLY (I.E., NOT BOTH M(I,J) AND
M{},I) ARE STORED FOR I NE J), THEN DDRV SHOULD BE CALLED (WITH
PATH = 3 OR 3) TO SYMMETRICALLY REQRDER (IA,JA,A) BEFORE CALLING
SORY. THIS IS TO ENSURE THAT IF M(L,J) WILL BE IN THE UPPER
TRIANGLE OF M WITH RESPECT TD THE MEW ORDERING, THEN M(I,J} IS
STORED IN Ro¥ T CAND THUS M(4,I) IS NOT STORED); WHEREAS IF M(I,J)



