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NESCRIPTION

Introduction. This program, REDUCE, reduces the bandwidth and profile

of sparsc symmetric matrices, using row and corresponding column permutations.
It is a realization of the algorithm described by the authors in [4]. It

was extensively tested and compared with several other programs [5] and was
found to be considerzbly taster than the others, superior for bandwidth
reduction and as satisfactory as any other for profile reduction.

Outline of the Method. Only an outline of the algorithm is given

bere: a detailed descripti~~ ~an be found in [4]. The algorithm can

best be described in terms of the adjacen~v graph, G, which has the charac-

teristic that there is un odge in G between vertices v, and v, if

i ]

and only if a, # 0 and 1 ¥ j.

Step 1. Find the endpoints of a pseudo-di-meter; i.e., a pair of

vertices that are at nearly maximal distance . This is done by a
finite, iterative process of det:rmining a vertex that is a maximum
distance away from a given vertex.

Step 2. Given pseudo-diameter endpoints u and v of distance
k apart, partition the set of vertices into levels Ll’ L2""’Lh such

that adjacent vertices in G are in the same or adjacent levels and

such that max ILiI is nearly minimized.
i

Scep 3. Number the vertices of G, level by ievel, beginning at
an endpoint of the pseudo-diameter.

Matrix Data Structure. Sparse matrices are typically stored in some

compact form which takes advantage of the sparsity. The data structure

assumed here is one which is commonly used in bandwidth and profile schemes;



e.g., [1], [2), [3) and [6]. Subroutine REDUCE .ccepts as input a connection
table, C, representing the indices of the nonzero elements of the n x n
matrix A. The connection table has n rows and m columns where m

is the number of off-diagonal nonzero elements in the row which has a
maximum number of off-diagonal nonzero elements (i.e., the maximum degree

of the graph G). The entries in row 1 of C are the column indices

of the nonzero elements in row 1 of the matrix A. For example, if

[x x 0 0 x'

X X 0 X X

where X represents a nonzero element, then

2 5 0
1 4 5

c = 4 0 0 .
Z 3 0
1 20
L B

The order of indices in a row of C 1is immaterial. The n.azero elements
of the matrix A are never needed, only their indices.

Test Results. REDUCE was tested on an IBM System/360 (model 57)

computer using the FORTRAN IV G and H compilers and on a 'DC 6600 computer
using the FORTRAN (RUN) end FORTRAN extended (FTN) compilers.

In another paper [5], the authors compared the executior times, band-
widths and profiles produced by REDUCE with those of five other prograns

on a wide range of problems. REDUCE typically produced the smallest



bandwidths; it produced profiles which were on average as small as those
for any other program; and REDUCE was faster than all the others by at

least an order of magnitude.
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ALGORITHM .
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SUBROUT INE REDUCE (NDSTK NRs [OLD+RENUMINDEGLVL +LVLS] oL VLS2 e
- CCSTOR.1Bw2.1PF2)

SUBROUTINE REDUCE DETERMINES A ROW AND COLUMNM PEFRMUTATION WHICH.
WHEN APPLIED TO A GIVFN SPILRSE MATRIX., PRODUCES A PFRMUTED
MATRIX wiTH A SMALLER BANDWIDTH AND PROFILE .

THE INPUT ARRAY S A CONNICTION TABLE WHICH REPRESENTS THE
INDICES OF THE NONZERO ELEMENTS OF THE MATRIX. As THE ALGO-
RITHM |S DESCRIBED IN TERMS OF THE ADJACENCY GRAPH wWHICH

HAS THE CHARACTERISTIC THAT THERE 1S AN EDGE (CONNECTION)
BETWEFN NODES | AND J IF A(leJ) eNEs 0O AND | oNEe Je

SIMENSIONING INFORMATION==THE FOLLOWING INTEGER ARRAYS MUST BE
DIMENSIONED IN THE CALLING ROUTINE.

NDSTE (NR D1 ) D1 1S5S «+GFe MAXIMUM DEGRFE OF ALL NODFS.
10LD(D2) D2 AND NR ARE +GEe THE TOTAL NUMBER OF
RENUM(ID2+1) NODES IN THE GRAPH.

NDEG(D2) STORAGE REQUIREMENTS CAN BE SIGNIFICANTLY
LvL (D2) DECREASED FOR IBM 360 AND 370 COMPUTERS
LVvLS1(D2) By REPLACING INTEGER NDSTK By

LvVLS2(02) INTEGER#2 NDSTK IN SUBROUTINES REDUCF .
CCSTOR(D2) DGREE« FNDIAMs TREE AND NUMBER.

COMMON [INFORMAT[ON==THE FOLLOWING COMMON RALOCK MUST BE IN THE
CALL ING ROUTINE o
COMMON/GRA/N IDPTH« IDEG

EXPLANATION OF INPUT VAR|ABLES--

NDS5TK=- CONNECTION TABLE REPRESENTING GRAPH.
NDSTK ([ +J)=NODE NUMBER OF J7H CONNECTION TO NODE
NUMBER | A CONNECTION OF A NOCZ TO ITSELF 1S NOT
LISTEDe EXTRA POSITIONS MUST HAVE ZERO FlLLe

NR- ROW DIMENSICON ASSIGNED NDSTK IN CALLING PROGRAM,

1oLl )~ NUMBERING Or 1TH NODE UPON INFUT,
IF NO NUMBERING EXISTS THEN 10LN(I)=]e

N- NUMBER OF NODES IN GRAPH (EGUAL TO ORDER OF MATRIX).
IDEG- MAX [MUM DEGREE OF ANY NODE IN THF GRAPH.
EXPLANATION OF OUTPUT VARIARBLES=-=-
RENUM(1)= THE Y~ w NUMBER FOR THE ITH NCL e
NDEGI(1] )~ THE DEGREE OF THE |1TH NODEe
IBw2- THE BANOWIODTH AFTER RENUMBERING.
IPF2- THE PROFILE AFTER RENUMBERINGe
I1IDPTH=- NUMBER OF LEVELS IN REDUZE LEVEL STRUCTURE.
THE FOLLOWING ONLY HAVE MEANING IF THE GRAPH WAS CONNECTED--
LvL ()= INDEX INTO LVLS] TO THE FIRST NODE IN LEVEL 1.
LVL(I+1)=LVL(l)=s NUMBER NOF NODES IN ITH LEVEL
LVLS1 - NODE NUMBERS LISTED BY LEVEL.
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LVLS2(1)- THE LEVEL ASSIGNED TO NODE | BY REDUCE. .

WORK ING STORAGE VARIABLE--
CC5TOR
LOCAL STORAGE ==
COMMON/CC/-SUBROUTINES REDUCE+ SORTZ2 AND PlkLVL ASSUME THAT
THE GRAPH HAS AT MOST S0 CONNECTED COMPONENTS.
SUBROUTINE FNDIAM ASSUMES THAT THERE ARE AT MOST
100 NODES IN THE LAST ' FVFLe.
COMMON/LVLW/=5UBROUTINES SETUP AND PIKLVL. ASSUME THAT THERE
ARE AT MOST 100 LEVELSe

USE INTEGER#Z2 NCSTK WITH AN 1BM 360 OR 370.

INTEGER NI STK
INTEGER STNODE «RVNODE s RENUM« XCoeSORT2+STNUMGCCSTORSIZE+STPT « SENUM
COMMON /GRAZ NJIDPTHL.IDEG

IT IS ASSUMED THAT [HE GRAPH HAS AT MOST S0 CONNECTCN COMPONENTS.

COMMON /CC/ XCW«SIZE(S50)«S5TPT(50)
DIMENSION CCSTOR(1)«10LDI1)
DIMENSION NDSTK(NR 1 joLVLOI ) oLVLSTI (1) oLVLS2(1'«RENUMI] ) NDEGI(1)
I1Bw2=0
1PF2=0
SET RENUM( 1 )=0 FOR ALL | 7O INDICATE NODE 1 1S UNNUMBERED
DO 10 1=1«N
RENUM(T ) =0
10 CONTINUE

COMPUTE DEGREE Or EACH NODE AND ORIGINAL BANDwIDTH AND PROFILE

CALL DGREE (NDSTK«NR«MDEG+ 10LDs IBW]+I1PF 1)
SBNUM= LOw END OF AVAILABLE NUMBERS FOR RENUMBER ING
STNUM= HIGH END OF AVAILAB. F NUMBERS FOR RENUMBER ING

SBNUME |

STNUM=N
NUMBFR THE NODES OF DEGREE ZFRO

DO 40 1=1«N

IF(NDEG(1)eGT«0) GO TO 40

RENUM( ] )=STNUM

STNUMES TNUM=|
40 CONTINUE
FIND AN UNNUMBERED NODE OF MIN DEGREE TO START ON
S0 LOWDG=IDEG+1

NFLG=1

ISDIR=1

DO 70 I=1N

_IF(NDEG(1)eGE«LOWDG) GQ TO 70
IF(RENUMI1)eGTeQ) GO TO 70
LOWDG=NDEG (1)

STNODE = |
70 CONTINUE
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FIND PSFUDO=DIAMETER AND ASSOCIATED LEVFL STRUCTURES.
ST 'DE AND RVNODE ARE THE ENDS OF THE DIAM AND LVLS] AND LVLSZ2
ARE THE RESPECTIVE LEVEL STRUCTURES.
CALL FNDIAM(STNODE « RYNODE « NDESTEK o NR «NDEG+L VL +LVLS1 oL VLS2+CCSTOR
-1DFLT)
IF(NDEGISTNODE )« LE«NDECG(RVNODE)) GO TO 75
NFLG INDICATES THE ENC TO BEGIN NUMHBERING ON
NFLG==]
STNODE =RvNODE
75 CALL SETUP(LVLLVLSI LVLS2)
FIND ALL THE CONNECTED COMPONENTS (XC COUNTS THEM)

XC=0

LROOT=]

LVLN=]

DO B8O I=1«N
IFILVLIT)eNELO) GO TO B8O
XCe2XC+]
STPT(XC)=_ROOT
CALL TREE (I +NODETEK +NR+LVL+CCSIOR«NDEGLVLWTH 4LV BOToLVLMN MAXLWN)
SIZE(XC )=LVLBOT+LVLWTH=LROOT
LROOT=LVLBOT4LVLWTH
LVLN=LROOT

B0 CONTINUE

IF(SORT2(DMY )«CQe0Y GO TC 90

CALL PIEKLVLILVLSI+LVLS2+ZCCSTORIDFLTSISDIR)

ON RETURN FROM PIKELVLs ISDIR INDICATES THE DIRFEC(ION THE |LARGEST
COMPONENT FEL!. » ISDIR 1S MODIFIED NOw TO IND CATE THE NUMBERING
DIRECTIONe NuUM IS SET TO THE PROPER VALUE FOR THIS DIRECTION:
90 ISDIR=ISDIR®NFLG

NUM= SBNUM

IFIISDIReLTe0) NUM=STNUM

CALL NUMBER(STNODE « NUM e NDSTEK o LVLSZ2«NDEG e RENUMLVLS ] oL VL « NR«eNFLG s

~IBw2+IPF2+CCS5TORLISDIR)

UPCATE STNUM OR SBNUM AFTER NUMBER ING

IFIISCIRLTeD) STNLM=NUM

IFLISDIReGTeU) SBNUM=NUM

IF(SANUMLLE« STNUM) GO TO S0

IF(1BY¥2«LE« 18W]1 ) RETURN

IF ORIGINAL NUMBERING IS BETTER THAN NEW ONE. SET 1P TO RETURN IT

DO 100 I=1«N

RENUM(T)=10LDI(])
100 CONTINUE

!Bw2=18Bwl

IPF2=1PF1

RETURN

END
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SLBROU'TINE DGREE (NDSTE sHRNDEGC [OLMN IBW) 4 iSF1 .

DGREE COMPUTES THE DEGREE OF EACH NODE IN NDSTK AND STORES
IT IN THE ARRAY NDEGe THE BANDWIODTH AND PROFILE FOR THE ORIGINAL

OR INPUT RENUMBERING OF THE GRAPH IS COMPUTED ALSO.
USE INTEGER®#2 NDSTX wITH AN 1BM 360 Nk 370

INTEGER NDSTK
COMMON /GRA/ N I1UPTH.IDEG
CIMENSION NDSTK (NRs 1 )eNDEGIL ). IC.DLL1)
I1Bw1=0
1PF1 =0
NO 100 1=5eN
NDEGI(1)y=0
IRw=0
DO B0 .i=1+1DFG
ITST=NNSTE(14J)
IFLITST) 90490450
50 NDEFG(I1)=NDEG( 141
IDIF=10LD(I}=-10LDCITST)
IF(IRWeLT«IDIF) IRW=IDIF
80 CONT | NUE
SO IPF1=IPFl+IRW
IFIIRWeG T o« !'Bwl) 1Bwl=|Rw
100 COMTINUE
RFTURN
END
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SUBROUT INE FNDIAM(SNDI] « SND2 +NDSTK s NR«NDEG oL VL s LVLS1 sLVLS2
~1WK.IDFLT)

FNDIAM S ThE CONTROL PROCEDURE FOR FINDING THE PSEUDO=-DIAME TER OF
NDSTK AS WELL AS THE LEVEL STRUCTURE FROM EACH END

SND1 - ON INPUT THIS IS THE NODE NUMBER OF THE FIRST
ATTEMPT AT FINDING A DIAMETERe ON OUTPUT iT
CONTAINS THE ACTUAL NUMBER USEDe

SND2~ ON OUTPUT CONITAINS OTHER END OF DIAMETER
LVLS1 - ARRA ¢ CONTAINING LEVEL STRUCTURE WITH SND1 AS ROOT
LV.S2- ARRAY CONTAINING LEVEL STRUCTURE wiTH SND2 AS ROOT
IDFLT~- FLAG USED IN PICKING FINAL LEVEL STRUCTURE. SET

=1 IF WIOTH OF LVLS! eLEe WIDTH OF LVLS2e OTHERWISE =2
LVL o lWK- WORK ING STORAGE

USE INTTZER#2 NDSTK WITH AN IBM 360 OR 370.

INTFGER NDSTK
INTEGER FLAG«SND«SND1 +SND2
COMMON /GRA ~ N IDPTH

IT 1S ASSUMED THAT THF LAST LEVEL HAS AT MOST 100 NODESe

COMMON /CC/ NDLST(100)
DIMENS JON NDSTK(NR« 1 )eNDEGI1 JoL VL (1 ) oLVLS1 (1 )oLVLS2(1 )e1wWK(])
FLAG=D
MTwW2=N
SND=SND1
ZERO LvL TO INDICATE ALL NODES ARE AVAILADLE TO TREE
20 DO 25 [=1eN
LvL(ly=0
25 CONTINUE
LVLN=1
DROP A TREE FROM SND

CALL TREE (SNDeNDSTKeNR+LVL + IWKeNDEG+LVLWTHL'/LBOToLVLNeMAXLW +MTW2 )

IF(FLAGeGE«l) GO TO 110
FLAG=1
70 IDPIiH=LVLN-]
MTwWl=MAXL W
cJPY LFVEL STRUCTURE INTO LVLSI
DO 75 I=1.N1
LvLSt1(I)Yy=LVvL (D)
75 CONT INUE
NDXN=1
HDXL =0
MTw2=N



SORT LAST LEVEL BY CEGREE AND STORE IN NDLETY
CALL SORTDGINOLSTe IWK(LVILBOT ) «NDXL+LVLWTH«NDEG)
SND=NDLST (1)

GO 10 20

110 IF(IDPTHeGE«LVLN=-1) GO TO 120

START AGAIN wWiThH NEW STARTING NOCE
SND1=5ND
GO TO 70

120 IFMAL WaGE«MTW2) GO TO 130
MTw2=MAXL W
SND2=5N °

STORE NARROWEST REVERSE LEVEL STRUCTURE IN LVLS2
DO 125 1=1«N

LvLS2tl)y=Lve el
125 “ONTINUE

15w IFINDXNEQeNDXL 7 GO TO 140

TRY NEXT NODE IN NDLST
NDXN=NDXN+ ]

SNL=NDLST (NDXN)
GO TG 20
140 1DFLT=1
IF(MTW2LE.MTwW1) IDFLT=2
RETURN
END

10
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SUBROUTINE TREE!(IROOTeNDSTE sNR+LVL « IWK «NDEGsLVLWTHLVLBOT »
=LVLN«MAXL. We |BORT)

TREE DROPS A

LW~

| wK =

LVLWTH-

LVLBOT-

MAXL W=
LVLN~-

IBORT~-

USE INTEGER#2

TREE IN NDSTK FROM I[ROOT

ARRAY INDICATING AVAILARALE NODES IN NDSTK WITH ZERO
ENTRIESe TREE ENTERS LEVEL NUMBERS ASSIGNED

DURING FXECUTICN OF THIS PROCFDURF

CN OUTPUT CONTAINS NODE NUMBERS USFD IN TRFE
ARRANGED BY LEVELS (IWK(LVLN) CONTAINS IROOT

AND WX LVI.BOT+LVLWTr=1) CONTAINS LAST NODE ENTERED)
ON OUTPUT CONTAINS WIDTH OF LAST LEVEL

ON OUTPUT CONTAINS INDEX INTO lwx OF FIRST

NODE IN LAST LEVEL

ON OUTPUT CONTAINS THE MAXIMUM LEVFL WIDTH

ON INPU~™ THE FIRST AVAILABLE LOCATION IN lwk
USUALLY ONE BUT IF lwkK IS USED TO STORE PREvVIOUS
CONNECTED COMPONENTSs LVLN 1S NEXT AVAILABLE LOCATIOM.
OnN 2UTPUI THE TOTAL NUMBER OF LFVELS + 1

INPUT PARAM WHICH TRIGGERS EARLY RETURN IF

MAXLW BECOMES +GEe IBORTY

NDSTK WwWITH AN [BM 360 OR 370

INTFGER NDSTK

DIMENSICN
MAXL_w=0

1 TOP=LVLN
INOwW=L VLN

NDSTK (NR« 1 )oLVL (T o iwWK(1)«NDEG(1)

LVLROT =LVLN
LVLTOP=LVILN+I

LVLN=]

LVL(IROOT))=1
IwK(ITOP)=1ROOT
30 LVLN=LVLN+1]
35 I NOwW=lwK (INOW)

NDROW=NDEG ( | wKNOW )

DO 40 J=1+NDROW
ITEST=NDSTK ( |WEKNOW +J)
IFILVLIITEST)eNELO) GO TO 40
LVLIUITEST)=LVLN
ITOP=1TOP+1
Iw<(ITOP)=ITEST

40 CONTINUE

INOw=INOW+1

IFCINOWeLTLVLTOP)Y GO TO 35
LVLWTH=LVLTOP=-LVLBOT

IF (IMAXLWelLTelLVLWTH) MAXLW=LVLWTH
IF(MAXLWeGE ¢« IBORT ) RETURN
IF(ITOP«LTSLVLTOP) RETURN

LVLBOT=[NOW
LVLTOP=[TOP+1

GO TO 30
END

11



SUBROUT INE SORTDGISTE] «STKZ2 X1 X2 «NDEG) d
SORTDG SORTS STKZ BY DEGREE OF THE NODE AND ADDS IT TO THE END
OF STkK1 IN ORDER OF LOWEST TO HIGHEST DEGREE. X1 AND X2 ARE THE

NUMBER OF NODES IN STK] AND STK2 RESPECTIVELY.

INTEGER X1 +X245TK1 +STEKZ2s TEMP
COMMON /GRA/ N.IDPTH
DIMENSION NDEG(1)+STKI(1)5TK2(1)
INC=XZ
10 ITFST=0
IND= IND=1
IF(INDeLTel) GO YO a0
DO 20 1I=1+1IND
J=l+1
ISTK2=5TK2(1)
JETK2=STK2(J)
IFI(INDEG(ISTK2)eLE«NDEG(JSTK2)) GO TO 30
ITEST=1
TEMP=STK2(1)
STK2(1)=5TK2(J)
STKZ2( J)=TEM-
30 CONTINUE
IF(ITEST«EQel) GO TO 10
40 DO S0 I=]x2
X1=xX1+1
STK1(X]1)=STK2(1)
S0 TONTINUE
RE TURN
END

12
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SUBROUT INE SETUP(LVL +LVLSI1sLVLS2)

SETUP COMPUTES THE REVERSE LFVE'.ING INFO FROM LVLS2 AND STORES

IT INTO LVLS2e NACUMCIL) IS INITIALIZFD TO NODES/ITH LEVFL FOR NODES
ON THF PSEUDO-D!AMETER OF THF GRAPHe LVL IS INITIALIZED TO NON-
ZERO FOR NODES ON THE PSEUDO-DIAM AND NO! IN A DIFFERENT

COMPONENT OF THE GRAPH.

COMMON /GRA/ N.IDPTH
IT IS ASSUMED THAT THERE ARE AT MOST 100 LEVELSe

COMMON /LVLW/ NHIGH(100)«NLOW(10G)«NACUM(100)
DIMENSION LVL (1 )eLVLSI(1)YeLVLS2(])
DO 30 [=1410PTH
NACUM(] y=0
30 CONTINUE
DO 140 I=1«N
Lvi ()=}
LVLS2(1)y=1DPTH+ 1 =-LVLS2I(1)
ITEMP=LVLS2(1)
IF(ITEMP GTIDPTH)Y GO TO 140

IF(ITEMP NEL.LVLSIC(])) GO TO 100
NACUMI(ITEMP ) =NACUMIITEMP )+ 1
GO TC 140

100 LvLt1)=0

140 CONTINUE
RE TURN
END

13
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INTEGER FUNCTION SORTZ(DMY) .

SORT2 SORTS SIZE AND STRT INTO DESCENDING CRDFR ACCORDING TO
VALULS OF SI1ZEe XC=MUMBER OF UNTRIES IN EACH ARRAY

IT

10

17

INTEGER TEMP CCSTORWSIZE«STPTWXC
IS ASSUMED THAT THE GRAPH HAS AT MOST S0 CONNECTED COMPONENTS.

COMMON /CC/ XC«SIZEI(SD)«STPTI(50)

SORT2=0

IF(XCeEQGeD) RETURN

SORT2=1

IND=xC

ITEST=0

IND= IND=1

IF(:* 2LTel) RETURN

DO 17 «=14+1IND
J=l+1
IF(SIZE(1)eGE«SIZFE(J)Y) GO TO 17
ITEST=1
TEMP=S]IZE (1)
SIZE(1)=S1ZE(J)
SIZE(J)=TEMP
TEMP=STPTI( 1)
STPT(!)y=STPT(
STPT(J)=TEMP

CONT INUE

IF(ITEST«EQel) GO TO 10

RETURN

END

14



SUBROUT INE PIKLVL (LV' S1+LVLSZ2+CCSTORWIDFLT.ISDIR)

C
T PIKLVL CHOOSES THE LEVEL STRUCTURE USED IN NUMBERING GRAPH
C
€ LWSI- ON INPUT CONTAINS FORWARD LEVELING INFO
C LwS52- ON INPUT CONTAINS REVERSE LEVELING INFO
Cc ON OUTPUT THE FINAL LEVEL STRUCTURE CHOSEN
C CCETOR- ON INPUT CONTAINS CONNECTED COMPOUNENT INFO
o ICFLT~- ON INPUT =] IF WOTH LVLS]I#wDTH LVLS2e =2 OTHERWISE
C NHIGH KEEPS TRACK OF LEVEL WIDTHS FOR HIGH NUMEBER ING
C MNLOwW- KEEPS THACK OF LEVEL WIDTHS FOR LOW NUMBEER ING
C NACUW- KEEPS TRACK OF LEVEL WIDTHS FOR CHOSFN LEVEL. STRUCTURE
C XC- NUMBER OF CONNECTED COMPONENTS
€C SIZE(1)- SIZE OF ITH CONNECTED COMPONENT
C ST2T(1)- INDEX INTO CCSTORE OF 1ST NODE IN ITH CON COMDT
C ISDIR~- FLAG WHICH INDICATES wWHICH WAY THE LARGEST CONNECTED
C COMPONENT FELLe =+]1 IF LOW AND =1 IF HIGH
INTEGER CCSTORWSIZE«STRPTWXC«END
COMMON /GRA/Z NWIDPTH
C
Cc IT 1S ASSUMED THAT THE GRAPH HAS AT MOST &0 COMPONENTS AND
C THAT THERE ARE AT MOST 100 LEVELSe
C

COMMON /LVLW/ NHIGH(100)«NLOWI100 ) NACUMI{100)
COMMON /CC/ XCoSIZE(SO)1«STRTI(S0)
DIMENSION LVLSI(]1)«LVLLS2(1)+CCSETOR(1)
C FOR EACH CCNNECTED COMPONENT DO
DO 270 1=1.%C
JeSTPT(])
END=SIZE(1)4J=1
Cc SET NHIGH AND NLOW EQUAL TO NACUM
DO 205 K=1.1DPTH
NHIGHIK ) =NACUM (K )
NLOWIK )=NACUM (K )
205 CONT I NUE
C UPDATF NHIGH AND NLOW FOR EACH NODE IN CONNECTED COMPONENT
DO 210 K=J+END
INODE=CCSTOR(K)
LVLNH=LVLS!] ( INODE)
NHIGHILVLNH)=NHIGHILVLINH ) +1]
LVLNL=LVLS2(INODE)
NLOWILVLML)ENLOY (LVLNL ' +1
210 CON' INUE
mMax1=0
MAX2=0
Cc SET MAX1=LARGEST NEW NUMBER (N NHIGH
C SET MAX2=L_ARGEST NEW NUMBER IN NLOW
DO 240 K=1+1DPTH
IF(2¥NACUM (K ) dEQNLOW (K I14NHIGHI(K)) GO TO 240
IFINHIGHI(K ) «GT¢MAX]1 ) MAXI=NHIGHI(K)
IFINLOWI(K ) GTeMAX2) MAX2=NLOWIK )
24C CONT INUE
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C SET I1T= NUMBER OF LEVEL STRUCTURE TO
17=1
IF(MAX] «GTeMAX2) 1T=2
IF(MAX] sEQeMAX2)Y 1T=IDFLT
IF(IT«EQe2) GO TO 265
IF(l1eEQel) ISDIR=~]
C COPY LVYLS] INTO LVLSZ2 FOR EACH NODE
DO 260 K= J«END
INODE=CCSTOR(K)
LVLS2(INODE )=LVLSI] ( iNODE)
260 CONT I NUE
C UPDATE WNACUM TO BF THFE SAMF AS NHIGH
DO 262 K=]1+1DPTH
NACUM (K )=NHIGHI(K )
262 CONT I NUE
GO TO 270
Cc SPDATE NACUM TO BE THE SAME AS NLOW
265 DO 267 K=1.I10PTH
NACUM(K )=N| OWIK)
267 CONT INUE
270 CONTINUE
RETURN
END
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SUBROUT INE NUMBER (SNDeNUMNDSTEK s LVLS2 s NDEGeRENUMSLVLSTLSTRPT oNR
=NFLG |18W2+ IPF24.1PFA.ISDIR)

NUMBER PRODUCES THE NUMBERING OF THE GRAPH FOR MIN BANDWIDTH

SND- ON INPUT THE NODE TO BEAIN NUMBFRING ON
NUIM— ON INPUT ArD QUTPUTs THFE NEXT AVAILABLF NUMKFR
LvLS2- THE LEVEL STRUCTURE TO BE USED IN NUVBERING
RENUM- THe ARRKRAY USFD TO STORE THE NEW NUMBERING
LVLST=- ONM OUTRPUT CONTAINS LEVEL STRUCTURE
LSTPT(] v~ ON OUTPUT« TNDEX INTO LVLST TO FIRST NODE IN ITH LVL
LSTPT(I+1) - LETPT ] ) = NUMBER OF NODES IN !'TH LYL
NFL G- =+1 IF SND € FORWARD END OF PSEUDO-DIAM
==]1 IF SND 1S5 REVFRSE ENND OF PSFUDO=DIAM
1Bw2- BANDWIDTH OF MNiw NUMBERING COMPUTED By NUMBFR
IPF2=- PROFILE OF NCw NUMHERING COMPUTED BY NUMBER
1PFA- PORKING STORAGY ULED TO COMPUTE PROF ILE AND BANDWIDTH
ISDIR- INDICATFS STEP DIRECTION USED IN NUMBFRING(+1 OR =1

USE INTEGER#Z2 NDSTK WwWITH AN [1BM 36N OR 37"

INTEFGER NDSTK
INTEGER SND«STKAWSTKRWSTEC o STEDe XA« XBaXCoXDaCXeENDsRENUM TEST
COMMON /GRA/ NWIDPTHLIDEG

THE STORAGE IN COMMON BLOCKS CC AND LVLW IS5 NOwW FREE AND CAN
BE USED FOR STACKS.

COMMON /L VLW/ STEA(IDD)+STKB(100)+STKC(100)
COMMON /CC/ STEKD(100)
DIMENSION IPFALL)
DIMENSION NDSTK 'NRe 1 1 e LV.S2 (1) eNDEGI1 )«RENUMI ] ) «LVLST(1)«LSTPT(1)
SET UP LVLST AND LSTPT FROM LVLSE
DO 3 I=1«N
IPFA(])=0
3 COWTINUE
NSTPT=1
DC S 1=1«1DPTH
LSTPT i1 )=NSTPT
DG 5 J=1 N
IFILVLS. (J)eNEel) GO TO 5
LVLSTUI(NSTPT )=
NSTPT=NSTPT+]
S CONT INUE
LSTPT(IDPTH+1 )=NSTPT
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STEA, STKBs STKC AND STKD ARF STACKS wlTH PUOINTERS
XA« XBaxCo AND XD Cx IS A SPECIAL POINTCR INTO STEC wHICH
INDICATES THE PARTICULAR NODE BEING PROCFSSED.
LVLN KFEPS TRACK OF THE LEVEL WwWE ARE wORKING AT,
INITIALLY STKC CONTAINS ONLY THE INITIAL NODE« SNDe
LVLN=0
IFINFLGeL TeO) LVLN=IDPTH+]
XC=)
STEKC (XC)=5ND
10 Cx=)
xN=0
LVINELVLNNFLG
LST=LSTPT(LVLN)
LND=LETPT(LVLN+]1)=-1
BEGIN PRCCESSING NODE STKCI(CX)
20 IPRO=STKCI(CX)
RENUM( 1 PRO ) =NUM
NUM=NUML [SDIR
El.)=NDEGL PRO)
XA=n
xXB=0
CHECK ALL ADJACENT NODES
DO S0 1=].END
TEST2NDSTK(IPRO1)
INX=RENUMITFEST)
ONLY NODES NOT NUMBERED OR ALRFADY ON A STACK ARF ADDED
IF(INX«EQeO) GO TO 30
IF(INXeLTe0) GO TO 50
DO PRELIMINARY BANDWIDTH AND PROFILE CALCULATIONS
NAWS (RENUMIIPRO )= INXV#[SDIR
IF(ISDIR«GT Q) INX=RENUMI( IPRO)
IF(IPFACINX)oLToNBYW) [PFA(INX)=NAW
GO TO SO
30 RENUMI(TEST )==1
PUT NODES ON SAME LEVEL ON STKA, ALL OTHERS ON STx3
IF(LVLS2(TEST 1eEQelLVLS2(IPRO)) GO TO a0
¥BaxXB+1
STKB(XB)=TEST
GO TO S0
a0 XA=XA+1
STKA(XA)=TEST
S0 CONTINUE
SORT STKA AND STKB INTO INCREASING DEGREE AND ADD STKA TO STXC
AND STKR TO STkD
IF(XA«EQeD) GO TO 55
IF(xAsEQ.1)Y GO TO S2
CALL SORTDGI(STEKC«STKA«+XC+XANDEG)
GO 10 S5
52 XC=xC+1
STEKCI(XC)=STKA(XA)
55 IF(xB«EQe0) GO TO &%
IF(XBeEQel )Y GO TO 62
CALL SORTDGI(STEKD+STEB« XD« XBNDEG)
GO TO &5
62 xXD=xXD+1
STKD(XD)»=STKB(XB)
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c

BF SURF TO PROCFSS ALL NONDFS 1IN STrr .
65 Cx=rx+]
IF(XCaCeCX) GO TO 2O
WHEN STEC IS5 EXHAUSTED LOOK FOR MIN DEGREE NODE IN SAME LEVEL
WHICH HAS NOT BEEN PROCESSED
MAX= |DEG+1
SND=N+1
DO 70 1=LST+LND
TEST=LVLST(])
IFIRENUMITEST )eNEsO) GO TO 70
IFINDEGITEST )eGE«eMAX) GO TO 70
RENUMISND ) =0
PENUM(TEST )==)
MAX=NDFGITEST)
SND=TEST
TO CONT INUE
IFISND«EQeN~1) GO TO 75
XC= C+1
STKC(XC)=5ND
GO v) 20
IF STED 1S EMPTY WE ARE DONF 4+« OTHERWISE COPY STKD ONTO STKC
AND BEGIN PROCFSSING NEw STkC
TS IF(XDe¥Qs GO TO 100
DO BO 1=]1..xD
STEKC( ] )=STKD(])
B0 CONTINUE
XC=xXD
GO 1O 10
DO FINAL BANDWIDTH AND PROF JLE CALCUL_ATIONS

100 DO 120 1=1eN
IF(IPFA(LI )eGT«1BW2) 1Bw2=IPFALL)

IPF2=IPF2+1PFAL(L)
120 COMTINUE
RETURN
END
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