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1 0B yoOdedly ftedojHjdedesds sYdMmOdzdd o fnj ddzH 4 €M, 9

fsHyddzys sy 0o dzOd WL ' Shasedndicesd dQand &Y s fifws fip Odzl dz!
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1. vf SteW H t5y jadzdzts iy Is

0 =ia[0] ia[1] ia[2] é ian -1  iaNJ=NNZ . (1.1)

d Gned dAd ¥ tCBRDIs jtc J °
Jd&3 o9 wodssdz o
fMdzr = BOMMdo tse

2. Vi StEW H sy jadzdets fiplis'tc 5 € §
0 jalk] <jalk+1] <N 6] 3 i al[k<]k+l<iafi+1], 0 i<N . (1.2)

ltedojHjd3 fteddBite ftjHMsSOs dzj ded™ BOItEd y”
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ja =0, 2, 1, 3, O 2, 3, 1, 4, 5 4
a=15,2,8,1,3,1,3.,2,1, 1.

ABteBOd dzs Gto steW, dzj Stlstster j dL 4 dzj BSRESeozOdsG s te diys
dzj SBWLOIj d defs H SOl e dasjlee, dpdrzjHazrsBPY kes2S 0 &OM

ia =0,2,5709,12, 14;
ja=0, 2 1, 3, 4 0 2 1, 3, 1, 4 5 4 5
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fejHmlsOodv jls oMmjlldlsk dig sEASiLfykj j( OS dzOL '1H0Oj o5’

s steduj dze. v Lilsdn yjdj2 HeO dezdzjeor n 1 dzj 3 dalsC

112 T w07 w7 w7,
bted dOdudd Bk &Okwdyr  fMots2Mised dndakiiisiplsal] ddddpd c
C 3§ fizfets? 3OIsted yr , 0d dzd CitahfcisjLolizids BOItedyr ) ofj 4§
otsMMisOdzOe dzd 9 O Isfqpw 5 1 dzj BB delsOdZ dzs BsSGts (9 j torn dzj G E
f OC UBPARSH dzv f toj HMMlsOo dzj dzgd™w IsOC dr BOIs telqder pQ B toHOD oty dz
1l Mmd B3] sted k@Y H BBlEAg fzpO B " s f toj H iASR o dij d= dof) OO
ftcj HiIsOo dzj dzded.jls t®] Bt IHijwdzjo dzj MiIsd dzi Bsdz! hdj Ctstetej S ls
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ia[i+1] dial[i],( i=0, 1, é, N-1)
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0 = ia[0] ia[1] ia[2] é ia[N -1]  ia[N]=NNZ (1.4)
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i jalk] <jak+1]<N H dzviali] k < k+1 < ia[i+1], O i<N . (L5)
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T T ¢ MW T T
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M ¢ T M T T
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o W stlBRIsj
ia =0, 2, b5, 6, 8, 9,1 0;
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1'2/\’\ ’ N ’ : N 5 lu, A ) ’ : a :“ h 5 T w" AN 1 ) -
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BOLtedyj. ted & j dzj teQwd ds dOms tOlsie | Is tyds szt daff d3j dzlst H d OG-
ZOh dzs W o dzsj ®lstcO3G dedj dzO tod iz dzl

t dmuldzjlo ©O: dzj Mdd3dsd Isted ydz" 2 Y stelstejls ©OL 6 3 § dads
tftcQo©O: Mdddizi IstedL Oydvw fstelstejlsO, dJqLtsBtLOY JC

10 fskhtejlsj MifttOoO kySd LOmMfsdsyjd MHdddilstdyd
COC fYsthtejls MdjoO kOCdd Mos2Mmlsotsd doj ©BEOHO]Is.
M cOo O, MBREQHICGdsydz' 3. § St jligsdsL ZOYOj s, yYBH dydzO
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Hsf sdzdzd Isj dz' dz" 2 ff Otc O3] lugp sdalarteyipel d f dzvinif enestE oot @3t ¥ dz'
Colstste

HMBE Do dzj dz & v OB dzd yd

U OB Ay @sL disy dz' § L dzOyj dzdusp_fchlae ®yej stetso Isd i O
1 dzOyJ dzd J ststslso jlsmisoady MlsOdzH Otclsdesdzlz Isd f Iz
USP_FLOAT Il jhjimle jdadetsy ydfmdzs ) ff dzOoe G fsjp?
stsydetsfyls: 8 (float )
USP_DOUBLE Il jhifmlse jdedztsy ydmdzs fp § z0Oo O h j2 Is
stsydetsmis: & (doubl e)
USP_COMPLEX_FLOAT|] jh jilse j dedesj ydMmdzts ) § &zOe O h j 2 s
stsydesmis: ¥ (doubl e)
USP_COMPLEX_DOUBL s 5 3 dzj S fflgtefs M § &zOo O6 h j 2 IySC 52,
stsydetsmis: & (Compl ex fl oat)

] §0Cjlkj USPARS ftddjdvjlsmv dinisd St kdftse It

sdf WOCkswmdL
BA). Clssdslz Isq{

Oydd SftjHjdYjlshy ¥ O0CIsd §toddzOH dj 3 dzt
' gl @édisdez@] o § Misjsdzj dzdzOV Mty | to gzQ o f) dzyf !

ftcj HMIsOo dzj dzdz’'l®d o v OB dzd Y4

U OB d2ul@s L diisy dz' i L dzgO\y j dedusp_tfaGdsied3j ymetso Isdf O

1 2Oy j dzd & d3r Mdztso 5 dzOff tsdzdzj dad j

USP_LLH I OL dztsy j ded i mBioytgclipds o(jfiEges(? fMd d3csd Isted y
Lo lstsots? fdsydlsd ds SftejH] d dds?  d

USP_LDLT LDLT-tc OL dztsy j ded j Mg dzd3j Isted ydzts?2 (9 j h j misBilpds

USPLIDLH |IDLH%OL dzsy j ded j C s e B&zBaARd y'  (

USP LU LUt OL

dztsy jdedd (oM jMisejdadets? dodzd YBSIBY dzj

A Iz dz€ ygpafs_param_get() d uspars_param_set() (Md3 teOLHJjdzr 2.5, . 6)
Hdzf'L o dzj dgj Czfs stes?2 ddzW sted3Oydd, ¢ sdzzyg dedzts?2 o tGJ L IzdzJ

LdzOyd dzd 2 f Ots
SftejHjdwjlsmw

Odijlsteso, bkftcOo dvs h qis € s jsle 08 pdhida] sf
fdte] d3j dzdetp2 parimi_tiaga | difgBe' dedisfhc s Isd §f ©
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USP_ERR CsH BhdBC(
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ud fdzts dzj dzlz dzj o L-§ OC Kaplnigj jdis Spte ho sH dls! ¢
sko jlsk.

USP PERMVECTOR

pjClsste jjMsOdto 6S, dmMisd L so Oddz 2
dmAotsHds? EOsttdy’ G§ittiH WOSkswdL Oydy ]

USP_ITER_STOP_CRIT

ydmdzs 1 Ho 2 iR bismdesMshisOdzseo € d dlsj &
ttOLHjdz C. 2)

USP_BOOSTING_VALUE

Uqmdzs M Ho 2 UASR G &5 sdpdas sy EMS O HdzY 04 g
C.3.1)

USP GP_EPS Udmis ) Ho G2 iAQE© BB NBO&SMISY, (M o
CdzsBOd dZF R fjtej MkOdsosS (Md ©OLHJ &

USP_GET_LU 1 OO ste H &Y {15k uls egfl ¢ dz'f dizsis dAsOs (o st
imdztse difte d uds'sf tsdzdzj dzdd o " yudfdzj ded 2 dzj d
fjtejfMlsOdzse S d.
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2 /\ ] ~ ~ . ] v . A - A W 1 N A t
(4 o AN [4 A~ 1 ’ - A [4

dtcj HJ OtcG zd3d dzlstso COYHB2 gL Wikzdz€ yd?2 fsdz' L ts9 Ols§
M j yd O@tedziz®3j dzls (sdf®H @D i Y yd2d Isdf +Ists?2 §Jtcj d3J
IZQOL Qi GO L OtdPidd' to § d3J tzdzlf Bucture (H dzv CteOlsC sMmisd PSR  dzC
Moz Rszfsdzy CBltstes? RteOdvIls ECOL Ol dzd dz@daipORmd &l
HOdzdz" J dzj tcOMCiedz'oLO ds@s'j davdzw

rdv kses, ybkser tjhdlk! Mmdmlsjdkz dddj2drf 5 LkicOo daj
dzz )y des f sMdzj HS9 Olsj dz' degts or Lo Ols! yjlsrtej Wk ydd f§0O¢

1. uspars_alloc() fMtsL H O jhsls dERIsdzts f j toj HOYd HOdgdz" = d3j Y H
2. uspars_int () fesdLotHdl foHEelBaCE ¢ WOC |S1StGCf L Oy q’q’
3. uspars_fact () ftesdL otsHdIs MBMmMise j dzdzts W OSC IststedL Oyde  d3¢

4. uspars_ solve () ftesdL otsHdls dMCdzs yjdedj dgj dL e j Mmisde =.
I Mt BlsBjIsddz, ylts ECOL Odzdz" 2 ftSteWHBE
uspars _alloc () + wuspars _init () + wuspars _fact () t uspars _solve () (2.2)

500 WhkdSyd?2 fejHsfejHjdjd sjd ykss COYHOW Wk
HegOglzdz’ | HdW MmdzjHk¥h j2 WkdSydd. 1 O0kkhjddl st
uddzdquSEQB? shdeCj. 1 dzv ] wstdnfds zHe@dzdz' dn  oduf " toidg
Wa WJ w

dyodedrimdd OlstdjBlzjlsmw tjhdls! dzgj MC s5dz! t§HsBzfn dshidsd) dF Jc
B@BOIs te doyg 2% W d y ddgtlzlstds@L dzr di3d f eOo " d&3d yYyOMmlsw ddd, It {Ists
uspars_solve() dzj M sdz! ¢t5 tcOL M HCkoEO@fo ks Y FigdJ 2

SOYHOW difndzy etz W WEdSyd?2 otLotOhNOjls CtH L Oo jth jd
or ydfmdzj ded™ L Oo jteh qdzdf)' CtottejSldets, ddets CHujBHgB S
YUj B of L' o Ols'W Loy a4 16 tev ldgjj R'cdly dzH 2 j sfv  f ts0dzOdzd L d ot

2.1uspars_alloc() ¢~ TS wad 27 ’

~ A N 7 A 4 5

4 ddzls ©OC id M

int uspars_alloc (void **tt)
Include

uspars . h

{fdmOdzad J

ANz dS ydw Mdzizy dls  Highe o HAEE G s dY S Rz | s W 2 deS yd v dsd ¢
HOdzdz'V dgcff.d3d tef d MY sdz L tspa@datpe() W LAy pd dH d teyadies ts d d

SBH' oftLotOISO

stsH/ 1 dH tshq’BCq’

0 Ving jhdets Qo j

3 |[[hdBCO E)’HJde

2.2uspars _int Jow" "~ _ " T "7 Wi Tw, T T owto 0T T L wr T
ud dzls ©C fiyd f
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int uspars_init(void **tt, int n, int *ia, int *ja, void *a,
usp_scalar_type utype, usp_factorize type ftype,
int *options)

Include

uspars.h

{fdMmoOdzd J

Az dgC ygpars _init () ftej HdzOL dzOUJ 2O H dz¥  f t5H @ t5ls SOotEdW O WG sk
MdMmisj d3r dzddzej 2 de" = bktcOo dzj dzd 2

ow B

[Isd3j Isd o3, yls s H s aisparss oif@ ()W i dsSday iz BI Is! 9" L 90O
uspars _alloc () (M3 tWADHJ df sis ts {HOUSPIisticlzE Elr tck sfydzj H 59 Ols j dz!

Hj2Miespal2 init () ftej HilsOo dzj &z0 o Mmdzj HEs M j o5 MY dMS .

a) LSOLOIjdd dd &ommder, ftjHjdvsh dESRGOIKE dPE H
1), LOdsmwismw o MNuESFmsickfMwiss " dj f dv
b) 1 OOz B DU dztsw L ¥ Ydzets2 dzd Is§ tc Ols Iz tegcalingt§ daflancitigte d d34
BOltedyr SwsiWWdydjdidssse lzlsjds kZdgdetsy jdedv jJ dzO
BOltedyr ( MBI .CHICOEZOERHH s $O sy jls BT Is! 9 Cdzs yj
fdted Cdz¢ yjddw Mmds tsYoflibp® diFP SCAR@ Il Is O@] dz dIDIs 6 d 1
otsLddCOjls BOIsted yo o . )
(e]+1o NN B
5 R
c) Vit MisOdeso C O Mistetss dBBstethyyd tzmes By WOuH ez di3d c
LdzOyj dzd?2 jJi HJOEtdzOdz dzf 7 | dzj d3jnethisgd. e[S vdz" G |
stsdz ¢ts5 Hdzv BOiype SEIYSERBU) o SO ISsd3, $ OS¢ 5dz0
sfdnodd d@Esoise@rdd® s{dnpoddY {ks? s§jwoydd
00 i ACAEET ¢ I
o) i AOAEET T, 8"
1 HjNEB BL dZO0YOjls &Oktedyk jtcj MisOdetse € .

d udBijstedL OydY ftlstejlsO. BOtedyr €t WW j des o

e) ud BB stedyudOr §jtjfsOdsst0 flsess d fr]lsts BYyte &
f Ot O dsjoftitns df USP RTYPE) M) yj o' ¢ bdsjde " jded v Mlsjyj ded
L dzj B3) dels Osd s te ) b clts di jder bocz MisGERlsS) S teftesdezlz P00 6 1) O o Chiscadd
di dmftd Lkslmw §jtejmMisOdzse S d) .

) ud o s dzOW % OC kL ONd k) Okl | flsodss s
tcOL toj ) j dedlzts D ( 3O B BYigsf y i dzldq®©GL dztsy jdedw ), d, Milss
stejebkjBs2 §O®RYISd HEY = tcOdsjldedi] dijided dai dibotgvels dn o
f ot Bj 3 LoD dzj dezdzj o F j 4 dzj O3 dgls'  lStej kG fsd dz o
BOMMder MGhtOd s o fotvr fstkSlktods? §jt6]

v 0B dzdlydats Rk By tzkzS usdads _init ()

sdyq | d v 1 0L dzOyj ded |

infout | tt LE OL Cdedf WO L OISUSEA Is teldIE Is Iz to

input | n ] steW BBK to,pQ '

input | ia, ja, U to ts 500N ) ottt H | dABSRBGE tc@dzzOL A.J) Szs+ W W d yd
a vdf ECOaPgazyHj dzvold *,Isdf e stcdzsOydw B

L dzj d3j delstso | sse s 5OMMdo O § j oytyp®j smw 1

input | utype RdzW sted3Oydv 8 Isdfj dgj dezdzj o™ 7 Hlyzj d3j dzls t

input | ftype R dzW & tc 3Oy ditv O Osls teigdsPBpd{d)’ ( Mds v OB dzd yk 1

input | options | [ O i dzd dZSR OPTIONS 5§ y g M & dz' Lz jdzR yif O &g Is O
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| | USPARSY dz0  j ®@ds 0 diJSB tORTIONSs f tc j H p dgpadzls .

*) RdHJCMr L dz) &) delsse  BOisRd B H Mis@p dgy delsT MEOIFRAJ
ZOYod Mtstslse jlsMiseokzs h dr BONMHdOKs datf BR@ R E®Y Isfyw 1
*r) G dzd 31 dzlsia ja 5O BB 2y So Stew KIsl), @B dztoe el | 5 ) dzzhgp
(15 o Mdddjlstedudsd ddzd | teBdlstsetsd Mazzyo, .

sf ists f ZMis d d3" ~t daj dgals s dptbgd M d o ©

A options[USP_MSGLVL ]
0 Oi'dsdzyOdzdo" §' orf ydmdzj dedw (ded ¢ OS¢ ts2 ¢4 yOlsd dzO
o 1l ficjHdzd?2 Ektetse j dz@ o " §dshh dfodif A tsfidda] 'dzd J dzj C Blsste!
Msftctsoatsy HOJ Isfr]W Q da@ QN 2 J iz2® B L RB®dzy© dzd ©

02 S KBOdz dzrf 2 Ektetseo jdz 'Etottodzdo ShpSF'sH { ¥ &2 o
shdetsyde » MdlskzoOydwa, . ..).

A options [USP SCALING tffitcjHjdzv jls, 9 C dzs yOols! d dzd dzd Is
Csi WWdydj delstsB.2) (g de@jrdgdds { ssets §f OtcOdRj ste©® f tod
ftod dmy tdUy DLTOGAPEH-Y OC sstedL Oy dAH-Y P& iz Qg d L dzO
L Issets OOl stc® deodetstedtclzs Ismw .

0 0:dg dMi sdz' L ts9 Ols(L dz® Q gz@edzf) d 6 50 lifis EDIL O dRf H). H dzw
o 1 dMm{ tde Qdedahof teEngjlazd(y 5 EHasdzyOodzd s H dzw
A options [USP_ MATCHING tsfftej H j dzVv j Is, o thaching® iyd3 GEAE)Y v gefirig J q’

[ J
LIssets OO steO® ftodded d&zZO4 Ismw ot oldidf DA dzdsitc d Is @ Uz
(OB Pz | foslsdodtsd3 Mz yOJ de deBmgizfw sisse s ff Ot
0 0:dg d My tsdmatching(Otz® U j dzd J f tsH dauidtss €D, df H).
o 1.dnyq sdz: umatehidggr dzOyj dzdj ¢t H¥sdzyOdeds H dzv
A options [USP RTYPH tsf tc jVHjjfsdztej MisOdetso S 2 MstesS d Mmlstsdze yts
H dzw MsCt.Oh j dgd W yd mdzO@ dgj dzzdzj 9 ' n 1 dzj d3zj dzlsts o )
SftjHjazyiisBrsd ¢ tcjShddsOias o2C dlissy 4 Is BT Is! L OHOdz {t
fp fed@sh s MmfjydoddL st Odal ~d nifptssning G @iy d dts ik
L dzO y ppiimhy [ USP RTYPH :
0 0o j CIstste  J WG frdsipydssdz'Cidlz § Is ipw
0l 9 jCItsts i j totg Ofis@dafls C af O Is iy WUSPARSUZS o3 iff 5 diz i tkalst "
(LdOujddj (5 kZdtsdyOds:®
2: JQIStStG f J tojr usfCpdve Clfiyw  Metis, f siZidzd & § OC jIs EMmls
feslsdodtsd3 Mdzz yoj L dzOyjdedj wsSfydd §jtej ¢ dz¥ yojl
ftesdmMatsHdl M fs@shs 8 Codftsdgj delsT At ant ;
03 8ajlltste fjtoy DsOQidsn¢ d ff sdz’jCtdsas@ls j dzj B Mis Odzs o
Z Holzj Iso SteWIs! bkmdzsedwdys (1. 7).
A options [USPITER_REA - G tcOdzd UJ dzd § disq fip @Qpdtitsi@miasdyj figaf tcOL H .

(0]

C.2). 1 fpdegtions [USPITER_REHA == 0, sts dlsjtcOyddedetsy klstsydal
(L 2O 4 dzd § ft5) bk dlsded dls] teOyd s dedatizy y | eidstigaldzdiy
options [USP ITER_REH H tsdzy dats B' Is! i seztsy 6B ) dzts dedzty s

sMisOdzOo dzdo Oj Isfpw §ts Hisfisdy j dad ¥, § & canf Ofdifdegzjded v ¢ toufd]
sMisOdtso € d 5 tsis datSf)y Iscp@inf joets2v  difj "R G dgifl tleGut. 1)

0 1066Hdv tsB'" ydzts? Istsydetsimisd ;

0 1014Hdzv HoB22dzs2 Istsydetsmisd .

r dzv  dL d3d dzj dzd v  10de@aifj dgffcOz § b s figf sdz! L s9 Ols o7 L tso
uspars_param_set(&t, USP_ITER_STOP_CRIT, &value);

G HEjZ C OL O SUSEM Is ted0S \alds Iz f ) ls © dzO o dzcda@dy JagsE P &3 Is tc ©
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A options [USP BOOSTING §f dz¢ yj dzdj HJOGCtdOdz dats?2 Cf3t)H H J texf ¢
o " yd mdepldze PLH-, LY-%¥ OC ststedul@=spd2 dL B J 4 Ols! o tsZemf € dzts o
Pivot .

0 0: f§sHHJ Y OL dayp dedzy utf @20k @ts dzy O dzd ¢
0 e Cdzt ydils* HJdOGtsdzOdz! dzz¥ Y tsHHJjtey Sz

1ted oG dzt yd dzdzts? HJOG HzgzO ks tr DG tf z@ ez dzy T j + dzj d3d dzls
WOCIstste dlganddfidd ydtelze Ismw . [ dzv Ists@ 5, Ylstser sftej HJ
BsHJWJCmfdedz L 24 sy ' T tets fjf4). woezasmis & Ils O dgatdze | Is
1 Mz HEjls dMfdz LsoaOl! or Lt WEkdSydd

uspars _param_set (&, USP BOOSTINGVALUE &value ),

GHY S OL Ols f)tizss Is aizdls ) WSRAY I A imalnes 2 7 fyls O dzO o dad de@nj jdsta j
1 . Mdzd o € dz¢ yj dzOf tmHIOL sYAOC izOs] o C dz¥ yj des dlsj O
OCobs®kOldUjMSd oCds yoOjlsimw dz@ 8 dljtoyd?.

A options [USP GLOBALPIVOT] o dz¢ yJj dedj G dzsBOdz! dg' 7§ toj Mils O«
LDLT-, LDLH-, L% OC ststedulOmysf™? dL BJ ) Ols! o 5L Ziad Pidats(efy dgzd W
cOL £.3.2z

( fpdaptions [USP GLOBALPIVOT] == 0, Ikt CcdtsBOd d' j §jtej fijls
(L 20 y4d dzd J ft5 ) bydstisdzv O dzchsC dz¥ ydlIs G dizsB Odz! dz' § g d
options [USP GLOBALPIVOT] Htsdzy dzs B' Is! t©0O9 dgts 1.

1 OYjdedj 5 kZdsdzyOdsd® (M@BOwE)dstiz®B. i3Ozsiisd j ¢ 5 |
mMdzjHkjls dMftsd Lo O or LB WEkdSydd

uspars _param_set (&, USP GP EPS &value ),

G Htjlz C OL Olsfy tsias Is adgOls ) WSRMEsholz«C \mlnec Iz \l5tc j B 2 j d3ts§ L dzOyJ dzd
1 .

A options [USPWARNAS ERR qff jtej Szt yjdedj Mmjte! jLdesisd ftej HE

[ f)dogitions [ USP WARNAS ERR=1, WARNINGIstcOSIskzjlsmw ¢ OS¢ hds¢
options [ USP MSGLVI[=2 ftotsc tc ©Odzdz0 f4Jyolsojls Msslse j IsMmise
ftocctcOBBO tsMisOdZOos dzdo OjIsfqw  or HOjIs dgj dgzdzj o 52

[ fdogftions [USP WARNAS ERR=0, Its ftcd WORKINGJ (tcd Ekmdzse d
options [USP MSGLVI=2 ftosetceOBBO fj yoOlsOjls Mstslse jIsMmise Iz
ftosHsdy OjIs o ydmdzj dzdvw HOdz " j. 16 LOe jteh jded d,
mMdlkskzoOoyd?2, or HOJjIsMw dzkz dzj o s@tiofists HUSE WARNBDERE=0. 1 5 [

I sjCkhj2 ojtwmdd JWARNBIGY :@Bddy§js oH S SHAS2
BOtedyj dzdzj o S5cts -BHIAERCOS daPidaf aizsiddls KT P C sH Os G5 d B
sf{dMmOdss orhj, OCOW MdzOydw EEWARKINGOCISEs Ols!

A options [USP PAR SOLVH {f tsL o todgvdgslslpd I€' dzs QuelsMP Otc O dzdzj dzd L Oy d
W Iz dz€ usdafs _solve ().

{ fndagptions [ USP_PAR SOLVH =0, uspars _solve () " L F 9 OjIsfqw 9o MmJjted?2 c

{ fydagptions [ USP_PAR SOLVH =1, ¥ Hz¢ yupars _solve () o L " 9 Oj Isfqw 9
f Ot Odzdzj dz! dits2dzCy J digtisfig pzf Gsdzd & ) .

1 Od3j Y@ idzd L dzOylsdiad j4 dEjQff) ipElsEptions O fig 9 @B d dzd Blsdz' ] )
fesydmmy of ydmdzj ded?2 L Ists L dzOYj dedy 3 dvjlsmw L daC
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SSH' oBLOtGOIO
StSHYIts tsL dZOy0Ojls
0 vff jhdetsy L Osjteh j dzad
1 *tt ==NULL 1 totso j tod luspars _allpk ) B' dzO 9" L o 0OdzO
uspars init 0 d jJJ StH oaBLaotOIlsO tcO@o jdz O
2 14 9" f sdzdzj dz'o nlasimdds ojd WH Odd@dlzr | 9 ( mds M dMts S dzd
3 ["dBSCO 9rHjdzjdzdw fOBBWId. Itsejtedls! tOL d3j
999 |\ 4 S dzOMmMMmMdW dydtelzj &3O o dzzlstcj dzgdg" W w©h dB C O
viMdzseo dw dzO o - SH dz' J uspdisdzdrit j() §f @2 HiNBE @S dzd dzr o My dME J :
f n>0;
T veOL Ok, fzd aS tstetcj Slsdes s toj H j dzj dz" ;
T rdOetsdzOdz! dzg' § { dzj g dzlsT Codi3f dzj € Mdes?2 L R Istso 52 ¢

1 Cdzj d3j dals™ jag@mfipbeda) so stow & (1), ARd@ A)d(X.5 o Md B Isted
fMazz yoJ ) .
2.3uspars_fact() ow ' - A _ow, A ) L
g dzs©OC Mdm
int uspars_fact (void **tt)
Include
uspars . h
{fdmodzd J
ANzdzS ydvw ftoj HdZOL dzgOyJj dzO@ H dzv o1 yd fdfp. dedB'12), 4Bl ¢ s dz! dz" ~
6 00 fted on'Y 6 6 ™ fype == USP_LLH (2.2)
6 000 fted oMY 6 0 ftype == USP_LDLT, (2.3)
6 b fed 8n8 6 & m fype == USP_LLH; (2.4)
b 000 fted BN 6 b o ftype ==  USP_LDLH; (2.5)
6 000 ftod 6V o o ftype == USP_LDLT (2.6)
6 0Y ftdd GoOHELOlSdOY &GOkt ftype == USP_LU (2.3)
1 steWHiSS mRSE@J YL dzd deGa, aiOMMd oMdzlAy O dj HdzW f tBjoH MIsC
WstedzOIlsj CSR, AntcOdzgv Isfmw & fsdzvrn Mtz € Iy Istc dats 2L stfo jOe W
uspars_fact() H 5 dzy dz0O B Is 9 " L asadzlnit() W 2 dzUSRIMs oz € I¥*lit tc O

SH dzs o toj d3j dzdzts
tojLizd sOlOdid

wedvilmw

oV rdespas_fegt() § O tg@axf) iy ¢ &5'd3
WOCIkstedL Oydd**tsOC x Jd

1

fdLdHOrIsmY yjted.L

SSHT o9otL9tOIsO

SsBiylsts 5L dzOy0Oj Is

O |ufpfjhdatsj L Oojtehjdedy

1 *tt ==NULL 1 tctso j taspdss ,alloy ldisB " dzO o ' L 9 O dm€pars tsinite 1) Lds
id ¢tH oaBLOtOIO tcOo jdz O

3 [hdBCO orHjdzjddY fORBYIsd. 1tose jtedls! tOL dgGj tc

4 &eropivotb Mz tc © C.8.] CB8.2

6 1 Otelzh j d20 § sfpdzj Hiso OlsWj leldz®atpdnds: (2. 1) or L ts9 O
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1999 || dzgzlste j dzdzw W  dzj C dzOMMd% Judtelz j BOW sh B S O |

1 Okj yOdzdl BjBEMj2 ojthmdd §OCjlsO USPARS Hdw fkz h
o s2Mlso sds Mgdsdsj stedd (2.3, 2.5, 2.@ps kel gy,

BN azts dzglz.ozy o' n

2.4uspars_solve() owVv: 7 I w R U UV

~ y - A A 3 N= W A oA - - CEEERNN ~

i

- AN -

4 ddzls©OC id M

int uspars_solve (void **t, int nrhs, void *b, usp_scalar_type utype)
Include

uspars . h

{fdmoded J

AzdS ydY o) HdzOL dzOUj dz® H W tejh jdzdw MmdMlsj ot dzq dzj 2 d
b 6 &y

MeOL toj 3§ dzdds to st W W d y d g rddis tfetc O @Bl Y g H fls Oo ad2.Gedz' d3C

oW Bslctdb das@lstoddy f Ostedy0O St WWdydjdsse s Hp Otsd

f sdEshoirs so O Yadpatas fact d ().

lsqﬁgdyv dzOL dzOy j dzd J

in/out USPMistczC Iskztc O
input | nrhs wWihdzs ftc@oar 7 yOMmilsj 2
infout | B [ OMMmde ¢*arbdeddzr ydfmj dz i f dzOeo O h j 2 Istsy

Isd fvded* Hdzw BEdzdo j temMOdzdL Oydd ddzlsj oW j 2 f
Ldzj d3j dels sob fROEMHIGJOs v Yjtpg L Otc @Al
MsH jtey dls SCtiYf sSpbtkirs ysg CBEBGB 7 YOMS
fOBwIisd  ts(ist€ dzrizsyf @iz dzb P S Iststc © bikktsFjJ.Is
9" AfSH ] fsHtsBdz &3 J IBEOOf sdO®0H OGN
Mtsslse jlsmisoeks hdn o jCltstetse dzg)dL o j Misdz
input | utype RdzW stedzdOydw t WOSIkdud MEsd Isq #zdul dad g3,
f OO Istc®@ Hisddets Mmtsof OH Ols utypefnts G tslig
sfteJ Hy W dz Isdff { dzj di3d dzlstso BOIsted yr ¢
uspars_init()

SBH' oftsLotOISO

Cs|ylsts tsL d&zZOy0OJls

O |ufY j hid@ejj teh j dad |

1 | *tt= =NULL } tetso j tod Is+ yspars wglods) B' dzO 9" L o 0OdzO
uspars_init() d JJ SBH oatsLotcOIO tcQo jdz O

nrhs <0, d ddofF=NULL{ dagfype dzj Mtsoa f OHOJIs M Isdf sd3 dOIs
[hdBCO 9" Hjdzj dzgdw f OBWIsd.

1 Otelzh j d20 f sdzj(HYs o ©Is ) teo s 6z yd 2
RIsjteOydisdzedzetsj klIstsydzj d&if2) wg) " fted Wismids ©OL HJ
999 | ] dzzIste j dzdgv W  dzj S dzOfmmdW dydelzj &3Ow ©sh dB S O

OIN|O|WIN

2yIssB" tBs@t@dzd lgjsdzed j, By des 'L OB d Y 5 dzs L o @ bxpitsejtfdid 3O Is to |
ltedHjlmy fsHftcOodls! kOiphY 20 §BEsBRIStEE®, H @Y dzj o j tor dzd 2
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2.5uspars_param_get() 0O w_ wow tt " w " w
d4ddzls ©OC fid M
int uspars_param_get (void **tt, usp_param_data id, void *a)
Include
uspars . h
{1 dMmOdsd J
ANzdeS ydw mdzey dls  H dzw dL odzj ud dzd w ddaW sted30ydd, ntcOC
ECOL" 90 BBs?2 *tzC Owlfj defjidp dzj S O Z3s?2 dJdeW stcBOYdd s tcj
fOottOodid & v ABdzd ykz
v OB dzd3ypOe 2z Az dzls r  ushdrsiErandef)
sdf |dd3v] dzOL dzOyJ dzd J
input | tt LE OL Cdef GO L O IsUSEAN Is tedfif Is Iz to
input | id vyiss dE e dzj y!
output | a LEOLOI] &z d&O dommdes, SCEZHO (ctzPigEk: f ¢
1 dzj d3j Gelg fipe gdQpdz 9" H j dzjsdz®@ ' L 59 O W EkdzeC ydd
uspars param_get ()

StSH' oBLOtGOIO
CtSH |yYylsts L dzZOYyOj Is

0 EmMf jhdesj L Oo jteh jdad J

1 *tt ==NULL 1 totso j ted Is yspars qlled) B' dzO 9" L o 0OdzO

uspars_init() d jj StSH oatLotOlO tcO@o jdz O

2 dg Ctstete Clsdz’ J L dzOyj dzedwv Oteclzd3j dzlstso
2.6 uspars_param_set() ow - _ 777 ottt T w' "~ T w
g dzs©OC mdm
int uspars_param_set (void **tt, usp_param_data id, void *a)
Include
uspars . h
{fdmodzd J
ANzdzC ydw Mmdzeydls Hd&zY tjHOSIsdtetseo OdedWw ddaW stedzOyd d, n
ZCOL"™ 9 0j di3ts2 *ttlz WQLYO Ifjddljtss 30 yd d Sfted HJ dzv § Ismw idL (ddPdg J dz

v OB dzZf4y Iz

sy s 2fyls d d3F j USPAEAR( jUSE MNZL, USP PERMVECTOR USP_GET LU, USP MEMFCT
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v OB dZ2{4yfOc G Iz d3y tzldzS usgars _param _set ()

lsd il d &3¥] dzOL dzOy j dzd J

input | tt USPMiIstczC Isztc ©

input | id vyists toj HOEIsdtetso Ols
input | & VLEOLOIsjdz dzgO disOMmMmdoe
SSH' o9oBLOtGOIO

CtSH |ylsts L dzZOyOj ls

0 My jhdesj L Oojteh jdedy

1 *tt= =NULL 1 totso j tod Is yspars qllods) B' dzO 9" L o 0OdzO
uspars_init() d jjJ StH oatLotOlO tcO@o jdz O
2 dzj S Stetej Slsdg’ § L dzOyJ dzgdVv Oteclzd3j dzlstsoe
2.7 uspars_destroy() R TP 1 B S~
g d dzls ©C id M
int uspars_destroy (void **tt)
Include
uspars . h
{fdmodzd J
ANzdzS ydvw MmdzEydls Hdzv tsMhmMesByHjddY fO0RYIsd, L ORoOYJ-C
Wizdet ydd L dzOyj*ttlzdigio oL Ols § dzw
SBH' oftLotOISO
CtsH |[Ylsts tsL dzOy0Oj Is

0 My jhdesj L Oojteh jdedy

1 *tt= =NULL

a1 4 Iz iy lsLqdggd \j jUSR[ 'TER_STOP_CRIT, USP_BOOSTING_VALUE, USP_GP_EPS,
USP_PERM_VECTOR
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’r(:)I‘UuJ,"""’“OA“’ w” .

ST _USPARS ., " " .. Cow Tt owt T T T tw, T T
A“AJ “_VLU"A..,AowoAAo’A‘Awtw‘Aﬂ ° ‘l‘ wo_ _LU_“
R s W VY
ll”~’wo""°’A Aqu"1 _”w‘lvw‘AwA\\AJ “—v w""~"°w"
£1"_ [ 'LU:\,_J__UJ_ u.l "l, wr~~ JA‘LU)'\ 'LUN o ‘“’“
ST ow , . . w B " 0 S [ N 1Y B 1
o ", Ow," """ Tw, owt T - USRARS W T T wT T T T T s Twn, G
T, T T w' ', Tuspams, _pardm_get u o' " w’ ZHd witeww, T w
F ol w> - Sw, . T LT, w, T weet T w0 wl
(-r ~ g LB T | _—

201 A Nt T h

202 " " ja'CSR'w , UNULL, ™ w

203 ~  ja‘CSR' w UNULL, @~ w

204 ~ _aCSR w. '~ _, uNULL, © ™ w

205 ¢ ““AVUJ~_A‘"‘\A'LUJ"A"__aou.l),Vo
206 T (T T A T
207 AL L NRHSWE wt

208 B S V¥ D 1 A ,ow'ow, S ONULL wt T T
209 LT wt T e, W L T w
210 ¢ C o T, T Tt w, D @ CSRY ., w wt T w

211 - ] S w, T LT T w0 T, ws s wt T LT matchingy
212 ¢ to oo w T, id T Tw: wT Tuspars uparam set ()

213 ¢ to oo w T, id T T w® “usparS uwparam _uet ()

} 6+ w> Tw,, s s T w3t LT et T w0
(—rln " [T ] _—

301 > S T wy,, STo_oowt ot LT

b 6 Kw> ST Tw, T T T T T T T _w, T T LT WK A
(—ll" P [ T | _—

401 S U U N ) B 1 | K U | &
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oo T T W T RN
402 L T w T T w, T T
403 T T o o wt

~ y y . AN I ~ y A A A

-t ~ g [ S| _—
601 Cotoo o wt T T uspyrs” Tfagt, (L T

uspars _init ()

A

602 ¢ ~ i ~ w " T uqurSA _"SOJVQ I(l); o >“
uspars _init ()

503 SR w " " " uspars’ “solve @, . "
uspars _fac t ()

-t ~ B“ LI T | -
cT A J

701 s 0 TSt tw C it tw o
toWw> ~ "~ w ‘" ‘Metisgp™™ w78 w . w
(— t ' ~ B“ LR R A | . -

o A J

801 Moo T, T wMetisT T, T a8

802 CLLT T T Metis Do owt T, we w0

4

CEER SN ~ -

tG ~  ~ > A
99901 6" S w T
99902 6" S w T
99903 6" R
99904 6" S w T
99905 6" S w T
99906 e T
99907 - T
999(B o™ Y w T
99900 o™ Y w T
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99910

99911

99912

99913

5,|5,|8,5,
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AA’—H::

] Hd©] Cekamped cOMf skOc O smw dMAasHd j SsSHT dgO Wi
WlkdSyd?2 §0O0CjlkO USPARS Hdv twjhjddy mdhlsjd dddi?
Cst WW dyduggsds@tedd ftod B ttso tHdslsd] dz

T RAd2dydOdzdL qtetso Ols! &BOItcdykz © CSR ¥ stcdzOlsJ .
T RA&ZJYydOdzdL qtectso Ols* 9o j CIststc fteOots? yYoOfsd, Mtslse j
1T 1 MmMtskejlsmMisadd f Odectstedlsdisdy tojh jdedvw § tsfdzj H 59 (
0 usparsinit(),
0 uspars_fact(),
0 uspars_solve().
s O HOW f tsfjidgideSyfvOver L r 9 OjIsmw ftod EMmdazsedd, MY J
Hdzw fetsojteCd OdzOdzdL delzjIlsmw CtSH oL OKOIO.
T tOfmMf J yolkOIls! o jShtster Itsydesets  ydfmdzj dedetsets tej M |

I OLddyO &y HE Istsyds &8 d yYdmdzj dede” &3 tej " j ded™W 3d WisB Iz
10 ojdduddl 1 Ikts?2 tOLddy’' oddwslk COC ydhdks tBlLf
dng sdz' L 2§ B3OV e Oedevy OH dseSsias@n Isdsr. ftedo sH Jd3 o j dzd yd dz

o yqdmdzj dzdz" = g " jded?2 odgjMmlsy Mt L dzOyJ dedfddgdf j walfipjodz t

] " . ~ ' ~ ' = W e A

Aln: " T TTwm ow, T T W, wl w - W

T eqdsjte HOJ IS fr];GOa ddlsj dz dz 2 tegL mdzd;@'@f&ch’m'dzbcim;[soézs‘o&j
WOSC st due@yddy sde 0L EEdGhedd ©p2q s@dggi2d wdzi@P o o' 9 BHJ
J HMls Oo daydjfisdztdn sogjtsRlz dzj @ & Mis dgH dizis Re@EBY) tofd 1y g3 O wldftsyj o

f to
sdfilsj BO EZtOo dzj dzd 2 tshitps:@spasse.@uz@dudd@hway®skStelifny j o f) dzts o3
5B kz fydzts o dAjoHBEAGRHPB L] C Iststc Istsydets ¢ & 1ol N jj Haf{ded s fls ts

e
e o & €
© o0 O

utstslse jlsflsokzs h OW j & fttOo OW yOfls! Mmdmisj &3 dzd dzj 2 dzr
ZO o jCIktste Istsydetsets tojn j dad w .

LdXi (dOpdd® tjLbkd kOt HdA&Y fdzydw tjh jdd" B,
) dMftsd LseOddjd METIS d Atl ant

w/o reorder results:

name | n |nnz(A) | nnz(L+U) | errorC | error L2

Jmtx/  Sieber .mtx | 2290 | 14873 | 3125286 | 7.622005e-09 | 1.7 48052 e-10|
METIS results:

name | n |nnz(A) | nnz(L+U)| errorC | errorlL2 |

Jmtx/Sieber.mtx | 2290 | 14873 | 4194 | 2.409236e-09|1. 068810e- 10|
Atlant  reorder results:

name | n |nnz(A) | nnz(L+U)| errorC | errorlL2 |

Jmtx/Sieber.mtx | 2290 | 14873 | 41174 | 1.782625e-09| 2.290986e- 10|

1 Hjmmz(A) BSL ZOYOj s ydmdts dzj dalz dzjoo ' (L+Uzj iy elfisjsjp  wd firt
dg delz dzj o7 7 1 dzj o3 dEss™ error C3Qfcemaf YO R i Slsdatsdlsj dz dz j f 51
teg M j dedw
A ® A
ACYE
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9 dested3dOnr O BOSMddZzdy BsHEZEZWOE d JjoSdzdHte 52, mMetsls e,
example_compare_reorder.c

A24 it it T w, "

Il 13 ftedd3d o ddzdzte Mistedtelze Ismw M smse "™  sdzz 4 ded W
USPARS. | €COyjfmej &BOLtedy" SCoi1 WWdydjdlsse oLwWIsO d
https://sparse.tamedu/Mathworks/Siebefn y d i dzts &3 s B Iz 2610 Hjdedddsta) Isits y dzts 6
tej N j dzd v s ts fijlsitsd dzd y

e
glmkglg,
© o0 O

dtslse jlsMlsoze h O j Bz ftcOe OV yOMmls! md Mmisj d3r dzd dzj 2 dzr
dZO o Clstste Issidze O Ote § ) dethw Mdzj HEzs h d2 o dH
USPARS Init time: 0.028851 seconds.

USPARS Fact time: 0.035071 seconds.
USPARS Solve time: 0.001889 seconds.

Results:
name [n | nnz(A) | error C | errorL2
Jmtx/Sieber.mtx | 2290 | 14873 | 1.782625e -09]2.290986e  -10|

I LOsdMmddsmisd ks dMfsd Lkzjdses Csdf! sksjed tjL kzd
RMAGHAZ 2 CGH §tcddpple@mdncs o ¥ 02 dzj

Aot wtg- - -7 7 o _wt Tt e oS awte T T Twt s T
A -t Lu,! ~ - ‘
T T ¢ T T C W T .
qbll 2% I
(‘YT[ v n o c T[(“)’ll\l—’l IIT[ it
> c T T Tt Tt o |(l‘k)ljl IIU (]
o1 O T 3] T ¢ Mo T A
m ¢ MW T o%e ¢ 'O gt
¢ m o ¢ ¢ WHPWU e

R Mr ts HStHe d d3f) dB¥D O 2 elzgmplelLH sc.y dyJ ftdeojHjdzO o HOYO 1 IStk

The system was successfully solved.
Exact solution Numerical solution
1.0000000e+00 9.9969780e-01

1.0000000e+00 9.9997735e-01
1.0000000e+00 9.9965471e-01
1.0000000e+00 9.9988270e-01
1.0000000e+00 1.0001193e+00
1.0000000e+00 1.0002590e+00

Yy d Mdzts tsB Iz Mdzts o dzj Sozsiztsiipisfy ddgOdslaaxfoyrtc©o dzts 5. 078 7e +05,
EC dztsdzj ez 4 X e2Bezdy j dedatse s tojh jdzdw fS5ls bSydsets.

Adtc - Z“ o w' " "Z\""“" ZL~u‘Z""Z’““' w” -

a A [V NN
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> T

T ] ¢ T m C W ,

m v m o ¢ m B!
(\]’ ﬁll\ M 11 '
: C T T T Tt o I(f‘ol"l 11 V) 1
O 11 O T v T C ﬁl‘ AL T A
L ¢ M T o ¢ '0 1mgr
¢ m o ¢ ¢ WPWwU e

R M~ 5 HWSHRe d d3f) gD O 2 ekgmple LLH_d.c.y d % J
The system was successfully solved.
Exact solution Numerical solution

1.00000000000000002+00 1.0000000000080056+00
1.0000000000000000c+00 1.00000000000059532+00
1.00000000000000002+00 1.00000000000914932+00
1.0000000000000000c+00 1.0000000000031020e+00
1.0000000000000000c+00 9.9999999999683487e-01
1.0000000000000000c+00 9.9999999999313782e-01
ydmdzs BEMdzse dzj dedesisd dBOItedyr ¢4 W
ftcdBdzdy j dedzts e s toj o ffj salfdz] tstsf tsBoyrdaBdits.
A.5ll -~ " ‘ ' t ~ o uJI 7 " - ~ o_"‘AlLﬂl el ~' el ) - ™ A'VL
C 1 a . ) - ) t: \L‘U’: : _a “LUA ’ T LU\ ) J o7 ‘ N (4 w
ddMmlsj BO ktcOo dzj dzd 2
L8t p ] ¢ Q m ] ¢8t w wl,l chﬂ) P W,
5y T T8 W m By ¢ ¢Q 1 4P, ,,u&)wuﬁ)i’f}.l
- ¢ Q m 1 i i 0P wiPs 10D w ¢ P I
O 1 cB Y 11 L8t o 11 m&IWa nggtu p B g
L ¢ ¢C€Q m Tt 080 W W7 egtp p @)
0 c8tw i oPp w T C o Pl g ¢ @ i
RMMAH 2 CH ftoddBawmpPl Bd3L &y HI AR djted o j H j dzO

The system was successfully solved.
Exact solution

1.0000000e+00 + 1.0000000e+00*1 1

1.0000000e+00 + 2.0000000e+00*1 1.0014200e+00 +

1.0000000e+00 + 3.0000000e+00*1 1.0022303e+00 +

1.0000000c+00 + 4.0000000e+00*1 1.0008413e+00 +

1.0000000e+00 + 5.0000000e+00*1 1.0000904e+00 +

1.0000000e+00 + 6.0000000e+00*1 9.9834341e-01 +
ydfds sBEMdss dj ddsiisd &Ostdyr ¢!

f sz yj dzdesects BA" §@JY sdqv58g dzd C 59 Ols 52

- ~ ~ 11

AB" Tttt :

A~ ] N o A ~ 4

~ - - tr W A A N A ~ ~ A [

w w

s ~ o o N J N «C w

wdfij BO EiOs dzj dzd 2
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ftcde jHJ dzO

Numerical solution
.0016090e+00 + 9.9958128e-01%*1
2.0013084e+00%1
3.0001380e+00%*1
4.0007753e+00%1

9" HOYO ¢

ASUTIEN y -

9" HOYO

5.0021982e+00%1
6.0000687e+00%*1

Is t

% qydj dzlss9se 0o d

1

WY d 6 Fdely B atzts fitd

H dzw

L N N

w

SO¢C 6B

nA y -

L C



9" HOYO

C m M m 1 m X T wl,l v v LLEj(pQH
(a4 w,

y TP T T n T sipn @ 6Q 4

AT©D T p M oMW T . Pn 10D p 8 &,

AT T T G I I Q= 1¥n 1pBH pPQ

T ™ T m p T m o viwa p R TQN

I T 1 m T C p QN llp@ ofQ

Ot n T TWQ T ™Mo ¢ OwU ppt vy

RMaBHdz 2 CBH f tcdgpple@LHNZy o1 Q2 dfjted © § H § dzO
The system was successfully solved.

Exact solution Numerical solution
1.0000000000000000+00 + 1.0000000000000000e+00*1 1.0000000000001645e+00 + 1.0000000000036728e+00*1
2.0000000000000000e+00 + -2.00000000000000OOe+0O* 1 1.9999999999913083e+00 + -1.9999999999880718e+00*1
3.0000000000000000e+00 + 3.0000000000000000e+00* 1 2.9999999999981268e+00 + 3.0000000000000844e+00%* 1
4.0000000000000000e+00 + -4.0000000000000000e+00* 1 4.0000000000012941e+00 + -4.0000000000000577e+00* 1
5.0000000000000000+00 + 5.0000000000000000e+00* 1 5.0000000000108642e+00 + 4.9999999999850893e+00*1
6.0000000000000000c+00 + -6.0000000000000000e+00%* 1 5.9999999999934799%e+00 + -5.9999999999910534e+00%*1
7 .0000000000000000e+00 + 7.0000000000000000e+00*1 6.9999999999996119e+00 + 6.9999999999913651e+00*1

1

[ s dzts fd Is s cdaQivh dzsfls® el j dzof @ Sczilai 6 6 s C &ZOME j s fE
sBEMmdztse dzj dzdetslsd 1. 38e+05 HBOtedyr St WWdydj delstso
ATte: | S wt T L wt W LT LWt T T
udflsj BO ktcOs dzj dzd 2

T 0w C T C d)l,l L

PO og @ T C M a 1 G& @

- ¢ T p&ITmp T p Pa 1pBWW

Ot o L T CcHIWa 11 g oa

T C i T 1wn 11 Iyl

6c¢ m p ¢ yowl u U
RMMrtsHdz 2 CH { tcdxdgpple @DURIds.co WAz tedo jHj 2O " HOYO !
The system was successfully solved.
Exact solution Numerical solution
1.0000000e+00 9.9993896e-01
-1.0000000e+00 -9.9998498e-01
1.0000000e+00 9.9987793e-01
-1.0000000e+00 -9.9998873e-01
1.0000000e+00 1.0000075e+00
-1.0000000e+00 -9.9999994e-01
[sdzsfdlsj & dzOW § 5616 j-0 Bats )i s dztizj " fted XOBHE B EHY M L dzO
SBEfdse dzj dedztsf)lsd 1. 88e+03 &Otdyr Cti W¥dydjdistss .
A.8tG:o:! ““AVUJ!_" "_J“AVUJ"!MUJQ"A___“_UAJLU"AILL

~ “ A t

sdMmlsj KO ktwOs dzj dzd 2
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T T C T T ¢ (DI,IN T i
L, 08 T 0 G nﬁﬁ:ﬂ A 1 S8 o,
- ¢ mopdmnmhm TP Pa i PRV
(ORI o T T T C ﬁl@)ﬁ | g o

T C T T 1 |m)q ] 1 |?
0¢ ™ P ¢ ¢ YyOwU u o U

RMrsHd 2 CBH § cedgyple@Dlhidda W O gzj § odo j HijlslED ® " fHdfudd)

The system was successfully solved.
Exact solution Numerical solution

1.0000000000000000e+00 1.0000000000291038e+00
-1.0000000000000000e+00 -9.9999999999998590e-01
1.0000000000000000e+00 1.0000000000582077e+00
-1.0000000000000000e+00 -9.9999999999998934e-01
1.0000000000000000c+00 1.0000000000000069e+00
-1.0000000000000000e+00 -1.0000000000000002e+00

ydMmds tBEmdse dj dzdzsfisd &Otedyr St W dydj dzsselltcOs d
ftocdBdzd  j dedetse s toj M jdedWw Bls Issydetsets o' cdzV Hdls o j dzd €

A9v "~ '~ YT wL T W Tt T s e ey e w'
It lstsd3 'ItGddSJtGJ Sl WWdydy dast  Mmdmis pfepe2 B @9 dzjSdedidy st
94 bt Istsydtsets tojh jddwv twOoadeyr juHddzdyy:

w p

@

K 38

P

1 jSkste ﬁts@jatstsxﬁlzuu(djnlslzddsdztsx;dchgds BOItedy’ € 1MWy azl
ejhdls: 1k MmdMmlsj Bz EttOo dzj dzd?2, USRiffastedtit v ®OL tizis
fstseh jddj B thdBCj 4 O Ml @O ISR RE=lDEk df Lte@ v d&H.d Iy
Emyinrk

--- - Trying to solve system with LLH
USPARS factorization failed.
Nonzero return code ier=4 was obtained from uspars_fact()
----  Solving system with LDLH
Results:
name | n | nnz(A) | error C | error L2
Jmtx/bfwb62.mtx | 62 | 202| 6.770540e -16]|3.614540e -16|

RMABHA 2 CtH § toddgpedosidif.co % 02 dzj

A 10" ~ n ‘ ' LTI B S T . P AN " y = t m A -~ -y W =~ T
" A} Y 1 i i A)

~ A t

(4 w

sdMmlsj O kwOs dzj dzg 2

p MUVQ M T m n o, p pi0.

lel v 11

(‘-YT'[ c L L l'IJ L T ('YII\ ] 11 Tt Il
DQmnm o T T T T . Pn 1 © VQ
AT TT TU TBITIP T it d’Q;uG}).’. IMBIMT ¢ A
O g T TT C L) AL C @ Iy
,T[ T Tt Tt T[fﬁ) p p Q'(h)ll ||p6) XQII
On nm m dQ m p Q pOwU u p goU

RMABHA 2 StH 1 tédape@Dlffdco. 1 WAIdzftcdo jH,jdzO o' HOYO ¢
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The system was successfully solved.

Exact solution Numerical solution
1.0000000+00 + 0.0000000e+00%1 1.0000000e+00 + -1.0217938e-07*i
2.0000000e+00 + ©O.0000000e+00%1 2.0000000e+00 + 1.4901161e-08*i
3.0000000e+00 + ©.0000000e+00*i 2.9999998e+00 + -1.1920929e-07*i
4.0000000e+00 + 0.0000000e+00%*1 3.9999998e+00 + 3.9062500e-03%i
5.0000000e+00 + ©.0000000e+00%1 5.0000000e+00 + -3.7252903e-09*i
6.0000000e+00 + ©O.0000000e+00%1 5.9999990e+00 + -9.5367432e-07*i
7.0000000e+00 + ©.0000000e+00%1 7.0000010e+00 + 1.0597560e-10%i
ydmdzs BERMdztse dzj dzdesmisd HEBOstedyr S1 WWdyd] dziddse tcOo d
fteddzdy J dzdaf o s s sydese s o cdzv HdIls o j dzd S ts9 OlsT 3.
A1l U /¥ AN | § B X 1“'”;_'Lu T
N J AN [4 w
gdMmMlsj BO EktcOo dzj dzd 2
p T UVQ M T T T dJrl PPl
ﬁ'ﬁ ¢ m n y n n EYlLh .m0 T T" Iyl
,"“;)QT[ o T T T T[::.I ] 11 w UQI’I
AT TT TT TBITPT I CxWn MBIt M
on g m T C ™ maIwn 1 ¢ @ Iy
mnTmn T p p Qlwt lpg xQl
On m m cQ nm p Q pOwlU u p gV
RMrtsHdz 2 CH  tcadgpple@Dd3z.0. WM1OPZ] ftcdo jH]jd2ZO o' HOYO
The system was successfully solved.
Exact solution Numerical solution
1.0000000000000000e+00 + 0.00000OOVOONOCOORe+00*1 1.0000000000000000e+00 + 1.9032394707859828e-16%*1
2.00000000000000002+00 + 0.0000000000000000c+00*1 2.0000000000000036e+00 + 1.3877787807814457e-17%1
3.0000000000000000+00 + ©.0000000000000000e+00* 1 3.0000000000000004e+00 + 2.2204460492503131e-16%*1
4.0000000000000000e+00 + ©.00000000000000BN+00*1 4.0000000000000000+00 + 3.6379788070917130e-12%1
5.0000000000000000e+00 + ©.0000000000000000e+00* 1 4.9999999999999991e+00 + -3.4694469519536142e-18*1
6.00000000000000002+00 + 0.0000D0OOOOOOOOORe+0O*1 5.9999999999999991e+00 + -8.8817841970012523e-16%*1
7 .0000000000000000e+00 + 0.0000000000000000e+00*1 7 .0000000000000009¢+00 + ©.0000000000000000e+00*1
ydfmdzs tsBEMmdztse dzj dzdetsisd dBEOIsted yr St WWdydj dzlsi8e tcOo d
ftedBdzd ) j dedetsets tojh jdedWw s bsydsets or cdzvV Hdls o j dzd € &
Alz2" " " Ir'“"A_v‘ - AO‘A' T . w " L. : _Lu: _~ C 7 : c W B )
gdMmMlsj BO kEtOo dzj dzd 2
TV m WM om W, 0 .
P qbll v PP Il
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The system was successfully solved.
Exact solution

Numerical solution

1.0000000e+00 + 0.0000000e+00%i 1.0000000e+00 + 1.3004649e-07%i
2.0000000c+00 + ©.0000000e+00%*1 2.0000000e+00 + 7.4505806e-09%1
3.0000000c+00 + ©0.0000000e+00%*1 2.9999998e+00 + 1.1920929e-07*i
4.0000000e+00 + ©.0000000e+00*1 4.0000000e+00 + 1.9531250e-03*1
5.0000000e+00 + ©0.0000000e+00* i 5.0000000e+00 + -1.8626451e-09%i
6.0000000e+00 + 0.0000000e+00%1i 5.9999995e+00 + -4.7683716e-07%i
7.0000000e+00 + 0.0000000e+00%i 7.0000005e+00 + -5.1908195e-15%i
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The system was successfully solved.

Exact solution Numerical solution

1.0000000000000000e+00 + ©.0000000000000000e+00% i 1.0000000000000000e+00 + -2.4223047810003419e-16%i
2.0000000000000000e+00 + ©.0000000000000800e+00* i 2.0000000000000036e+00 + 1.3877787807814457e-17%i
3.0000000000000000e+00 + ©.0000000000000000e+00* 1 3.0000000000000004e+00 + -2.2204460492503131e-16%1
4.0000000000000000+00 + ©.000000000000A000e+00* i 4.0000000000000000+00 + 3.6379788070917130e-12%i
5.0000000000000000e+00 + 0.0000000000000000e+00* i 4.9999999999999991e+00 + -3.4694469519536142e-18%1
6.0000000000000000e+00 + 0.0000000000POOAROe+O0* i 5.9999999999999991e+00 + -8.8817841970012523e-16%1
7.0000000000000000e+00 + 0.0000000000000000e+00* i 7.0000000000000009e+00 + -1.9337305631061118e-23%i
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The system was successfully solved.
Exact solution Numerical solution

1.0000000e+00 9.9970567e-01
0.0000000e+00 -7.6293945e-05
3.0000000e+00 3.0000980e+00
4.0000000e+00 3.9999433e+00
5.0000000e+00 5.0000191e+00
6.0000000e+00 6.0000386e+00
7 .0000000e+00 6.9999809e+00
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The system was successfully solved.
Numerical solution

Exact solution

. 0000000800V +00
. 0000000000000 +00
. 000000000000 +00
. 0000000000000V +00
. 0000000000000 +00
. 0000000V +00
. 0000000000000 +00

1.0000000000000762e+00

.9999999999998845e-01

1.0000000000000002e+00

.0000000000VVT7e+00

9.9999999999999933e-01

.9999999999999922e-01

9.999999999999998%e-01
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The system was successfully solved.

1.0000000e+00 + ©.0000000e+00*1 9.
-1.0000000e+00 + ©.0000000e+00*1 -1
1.0000000e+00 + ©.0000000e+00*1 1
-1.0000000e+00 + ©.0000000e+00*1 o |
1.0000000e+00 + ©.0000000e+00*1 3 bk
-1.0000000c+00 + ©.0000000e+00*i =T
1.0000000e+00 + 0.0000000e+00*1 1
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9992067e-01
.0000062e+00
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.0000000e+00
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2436479e-05%1

.5017126e-07%1

0000000e+00* 1
8733016e-07*1
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4399501e-08*1
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The system was successfully solved.

Exact solution Numerical solution

1.0000000000000000e+00 + 0©.0000000000000000e+00* 1 9.9999999998327149e-01 + 2.4721971265001103e-11*i
-0.0000000000000000e+00 + -1.0000000000000000e+00* 1 -7.3923142971020240e-14 + -9.9999999999999079%e-01%1
1.0000000000000000e+00 + 0.00000000000OO0ORe+0O* 1 9.9999999997551359e-01 + -1.6568898837450290e-11%1
-0.0000000000000000c+00 + -1.0000000000000000e+00* 1 -6.7831464642279636e-15 + -1.0000000000000093e+00*1
1.0000000000000000e+00 + ©.0000000000000000e+00*1 1.0000000000000093e+00 + -9.2792172715036792e-15%1
-0.0000000000000000e+00 + -1.0000000000000000e+00* 1 -9.3258734068513149e-15 + -9.9999999999999067e-01*1
1.0000000000000000c+00 + ©.000000000000O000e+0O* 1 1.0000000000000007c+00 + ©.0000000000000000e+00* 1
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The system was successfully solved.
Exact solution Numerical solution

rhs 0:

1.0000000e+00 9.9970567e-01
0.0000000e+00 -7.6293945e-05
3.0000000e+00 3.0000980e+00
4.0000000e+00 3.9999433e+00
5.0000000e+00 5.0000191e+00
6.0000000e+00 6.0000386e+00
7 .0000000e+00 6.9999809e+00
rhs 1:

1.0000000e+00 1.0000141e+00
1.0000000e+00 1.0000038e+00
1.0000000e+00 9.9999535e-01
1.0000000e+00 1.0000027e+00
1.0000000e+00 9.9999905e-01
1.0000000e+00 9.9999821e-01
1.0000000e+00 1.0000010e+00
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The system was successfully solved.
Exact solution Numerical solution

rhs 0:

1.0000000c+00 9.9970567e-01
0.0000000e+00 -7.6293945e-05
3.0000000e+00 3.0000980e+00
4.0000000e+00 3.9999433e+00
5.0000000e+00 5.0000191e+00
6.0000000e+00 6.0000386e+00
7 .0000000e+00 6.9999809e+00
rhs 1:

1.0000000e+00 1.0000141e+00
1.0000000e+00 1.0000038e+00
1.0000000e+00 9.9999535e-01
1.0000000e+00 1.0000027e+00
1.0000000e+00 9.9999905e-01
1.0000000e+00 9.9999821e-01
1.0000000e+00 1.0000010e+00
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Results w/o iter ref:
name| n | nnz(A) | errorC | errorL2 |
Jmtx/rw496.mtx | 496 | 1859 | 2.334311le -03]| 1.337001e -04 |

Results with iter ref:
name| n | nnz(A) | errorC | errorL2 |
Jmtx/rw496.mtx | 496 | 1859 | 1.479370e -06| 7.691817e -08 |

115D &g & ©ds doOn Cderror L2t Off & dzOsslOuizEsifpvist i teig M dzts i ls d

£ ~ K = A ~

£~ H mn
e Thff]tStSlSSJ lsﬂJJISdZJSﬂng@,-.
32


https://sparse.tamu.edu/Bai/rw496

ALYE I A@oh moE WS 8

A2aw- .~ T W' S, W 27" " Zéro Piwot
1o d By jedBts dzfi) Ls{temqmyzggdw QYHIAIO ¢ 15 dzO dz' dzts 2 M@asIHHgiofitsy. Saff € dzts o j dzd

Csi®dBCd 4 dzO MsOowmd d sy GO kicdo @zj(@fak? s B LIPO tg@IsdE \ j
impcolcfp o jShtstetsdz Issydesets tojh jdedw, MmMtsmsswh jets dL JH

& e e
O OO O

d mtslke jlsisekzeh j2 jBE Ot yFfpsdsjteordyj YtedejH
----  Trying to solve system with boosting turned off.

USPARS factorization failed.
Nonzero return code 4 was obtained from uspars_fact()

----  Solving system with boosting turned on.

Results:
name| n | nnz(A) | errorC | errorL2 |
Jmtx/impcol_c.mtx | 137| 411| 6.661338e -16| 9.485275e -17 |
A22fp" ~ T w0t g, W T, T Zéro Pivot
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---  Trying to solve system with global pivot turned off.
USPARS factorization failed.

Nonzero return code ier=4 was obtained from uspars_fact()
----  Global pivot turned on.
Results:

name | n | nnz(A) | error C | errorL2
Jmtx/impcol_c.mtx | 137 | 411 | 4.440892e -16| 7.705874e -17|
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D Python- ~  © ' o, wt w’

locdd3j ter HEsMiskzfde" = ® Pyt hon f @Xdiclksjtsotg O sty <idf® @' dz

HdzW teOLtej yjdedzgr » dBOItedy, oCdz® yow :tejh jdedy MmMdMmilsj &3 d
1 Scipy Sparse linear algebra
T PySparse

I]BO fOCiO dMmifsd Lk¥ls Super LU d.umfpack o COyjml
T PyMesh-ftsH jtey dls ddzlsjteW j2Mmr wHdzw SparselLU, Spar sef
1 https://bitbucket.org/petsc/petscdpy/src/mastéyls H j oy d Is drlzRY teddfj RAnr f tow d&3" -

tej h Olsjdzj 2, Cwlstster j, MUBHPHS, to PRRD, IS OP BT Sidslz 6 d J

Il Hi2fmkoedlsj dz detsfplsd { Istsls Mf dMmMsS hdi, omMisd ¢k d
ftesj Clsse MOBBMIssWwIsj dzt des § Jh kls tsBowL Cd dzj sBmtSHJA
D.1An 7 PyUSPARS

D.11s> "~ T ow w

10Cjls fBHHjYdoOjls yjbri kdfoO ydmjd f §&oe Osh j2

C python

float numpy.float32
double numpy.float 64
_Complex float numpy.complex64
_Complex double numpy.complex128

YyissB" dLBJjYOIs: ftedejHJjddv Isdffdsds e,y GO % Jf§dejsHeMplog d J
BOIsted yr d fttOots?2 yYOmisdP WHBLIBARS Mo jfHOsPds®o dzv j s d3j
BdBdZdlsj § 52 sciipmpdzspag Olej dz¥ dgalidgsc zls L Odgd dzd Is dzO
tej h Olsj dzd , ftoesmists d &G B tgififliistsdzPdrts HiclzE &S, © PyUSPAI
f sdzdetsyj dzdzOW tsBoOWLCO ff sH 9o j Mt diBtdygf mlsyeC@fls jUdS PIACRIS2. W Iz
D12 " 7

sdMmilsj disdzr J Istcj Bts9 Odzd v :

Ubuntu 20.04+
Python 3.8

Sy OC OV thiststetsy dzOW W tstadfl dfdet, ¢ Oy lotdaie<dsi tgdladgils,o s B sfydatso ' o
FPlsojteyHidedd, dzajdrLoejfmlsdz . | tLBsyds, Yyt dr fsmiss dzjls.
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rdzv MmoLHoddY dL siadjerss OffAZBW d P 9 fiodze OF dgt DJ gL ed § Is

$ wget https://repo.anaconda.com/miniconda/Miniconda3 -py38_4.12.0 - Linux -x86_64.sh
$ bash Miniconda3 -py38_4.12.0 - Linux -x86_64.sh

My sd LMricond® .} sfidzj bfsOdssCd ML HOj
L OodMmd BBsMmis™ i3d , i) HA&BY HeH DM,y o ~rOCIsdo dte

$ conda create - n usp python=3.8 mkl mkl - service  scipy nhumpy
$ conda activate usp

ts S telzy

B3 dztso ts
i & dJc

vsifiter #0OCjls PyUspars misyils B"Is! EfMsOdtseodz dz 8 Py

$ pip install pyuspars_package -0.1.6.tar.gz

[dzv WekEdSydsddtess Odzd® USPARS o Mmdfmisj k) Hsdyjd B
sCtelky MEAS'DLL Hisdzy dzO MBH Jj tey Ols ibtndtis.so ¢ OB dsORd tysjj € [ Ml
OpenMP. [dad dBsélzls BT Is! EkfMlsOdetso dzj dz@ € tsd3OdzH t52

$ sudo apt - get install libmetis -dev libomp =dev

1 Od34 uD_dzﬁJJn T THt * ¢ ac ot~ h =

$ python3

>>> from pyuspars_package . solver import  PyUspars

BdB dzq ekl S OL ' o @ HstlMls 2 f dats 2

OSError : libmkl_intel_Ip64 .so: cannot open shared object file :
No such file or directory

sttstlse jlsMiso e h s § Of Sz dzj tsBLD KIBRARY PATBEZ Q2 d GHtsp O |
ftod kfMlVhiamsal pmlsOdse sydzOW Hte) Skstedy dzj dL d3j dzv dzOf
s5CtlyjddY &oydts MdjHkzsh j2 ¢ sBOdH s2

$ export LD_LIBRARY_PATH=$LD_LIBRARY_PATH:~/miniconda3/envs/usp/lib/

D.13s " * "
RBYStelsdtelzjlsmw EflsOdztso dzj dedz’ 2 f OC jls MlsOdzgn Otels dz' o H d

>>> import pyuspars_package

D14n:t o, 7 0w T W, .

Iy fitejudmdw jdrj Idfr HOddz . BSPHBKS U BF tizg nj dz] dzl ,

Is d f15p_factorize_type , ftedhmikzlsmiseodas o 52O USPARS, dzOf df
2

fsdz Lsea O j d&z2 e M dai o L Omfddfstzy jH XzftdSedfis® Otdsds . R A3 St ls

>>>from pyuspars _package . solver import FACTORIZE TYPE

1 tsB auspLsEajar type dzj sBrtsHdd@sMIsd dzjls, MCOdzwtcdz 2 Isdff B
1 M4 dzd d3J dzls ' usm thafaimSdsta dusp opt f jtcj o JHjdzr © data descri

D.2SciPy ©~ _ ' _ PYyUSPARS

spsolve(A, b)

tc J Wis O dipy.sparse.linalg.spsolve.
dedi MmdMmlsj 3 M HiciPo 2] mPhmdsr ttso g OLIsHe v dBiUtsH O
stedL Oydw. 10 Mbstesdzg] BoawLSd SCtdstesdzdtelzj Ismv

hj dzuspggs lp@Eam get H dzv ff s dtlzQfig defity ] dzdetse s C tsH O. gts M
jflsH Odzts MtstsBh jdedj, 4 yosojhsj fted oL Boj 1Istscts
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Error in uspars_fact: Zero pivot has been appeared during factoization process

O M Miststesdz’ tBoOawWLSCd BERHjIs 9" HOds Mtsseh j dad §

Traceback (most recent call last):

File .stdin> line 1, in <module>

RuntimeError: Calculation failed. USPARS error code - 402
>>> from pyuspars_package . s c ipy import spsolve

>>> x = spsolve (A, b)

factorized(A)

t 4 WJ te]WsdEOEdipy.sparse.linalg.factorized.

l sLotOh OjIs WEkdC yde , Hdzw tej h jdzdw Mmdmilsg d3" dzd dzj 2 dz' =
Cst WWdydj destse d L OHOdMzdz" d3 9 SIststesdy fteOoats2 yoOfmisd
Hdzw Hikzedr fttOor s yofmlsj 2.

>>> from pyuspars_package.scipy import factorized

>>> 50 lve = fact orized(A)

>>> x=solve(B)

D3>, __Cq T

l 1lssdg cOLHjdz Sfdmr et lsmw d&jlssHT Colsster | 8L 9K
USPARS O2nts. ig]

D.31A:" © w " ., ‘options w' "t T w

l §0O0Cjlsy PyUSPARS l;’ts;HZM%B@@gd@Gﬂd@E@G—MuWﬁ)MJJMJ@H@
LdzOyj def 2 dz6 y&d USPARS. | dzv 1 Isidjrfn Sugjddfjlsats ted f) ff tsd® yLHE 82ls
Is ditft .

ltoddgjtc L OH Odad W délz 2y B 5 diif  stnpsedrdzy j dzd W dlsj e Oyd s dadat
seteOdzd yj dzdi d@s 10 ydmdzO dlsjteOyd?2 ftedeojHjdz 8 MmdzjHLEE

>>> from pyuspars_package.solver import PyUspars
>>> tt = PyUspars ()

>>> tt. msglvl =

>>> tt.iter_ref=10

I sdzdzr 2 My dmMtse HjMCtedf ststeseo, dMftsd tLkjd&d3 7 Hdzv fjt
d LdOyjddy ft Etsdyodd:) $ugsp dpiz s$ JdyOddzy yy ¥ Hj 11
ujls oCdz¢ yjddw Isjr ddzd 2Qdg o i yidRasdsdiids fipl st @ LB oz
1 0B sdd3, J M wmEmMiEPisdstsO L OHOI! L dzOyd dzd jlsts ddj Ists -
9rLBBajls fitej Cazé yjdedjy L dzOyd dzedvw HjMCtdfflststcO o L dzOL

_init ()

4BLHOdd] GBI RWHYJIdPYAds Paydsy. USPARS, o degdasdllodnj BwW or
( MED.} e H Odzj=d OB 6 5 B0 lsod wj'fipt@lj )fy'e aspastdestroy () d2.7).

>>> from pyuspars_package.solver import  PyUspars
>>> tt = PyUspars ()

Oy HjAMmise dJ

L
0 1 kdzj os] dzsedtetse Odad j

tt.msglvel 1 [stsBtcOy jdzdj IjSkEh jots MisOZMO WOSCIkttd.l
2 1 ts dzdditsie  tots 9 Odzd §
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tt.scaling 0 14 dhfsdz Ltso Ol BOXOMNJtse S 2
1 RMsdz? L so Ols! BOZOdMdtetse C Iz
tt.matching 0 14 dMmY tsdoatchieg Ols !
1 R MY t5dz métchifgs !
0 1 4 dmf sdz’ L 59 Olslfnlsﬂﬁ@ﬂtej fiffls OgiB 15 &y s 9 J
tt.rtype Edgj dz h jdedw 1 WW jiClsO LOYtsdzdzj dzgdw o Is
1 RMY sdz! Ateet@ls" f j e Qls@Qzes ¢ d Mmisfgdzey
Edgi dz@ h jdegdw 1 WWJjCIO L O tsdzdgj dzgdwv o Is
2 RMY sdz Mistisodry f jtoj MisOdzetse ¢  Mls te =fj dzf
Edgd dz# h jdedw 1 WWJjCIO L O sdzdzgj dzgdv o Is
3 RMfsdz! L 59 Ols a@;h@qz o jCltste ff jtojfi
yJd dz s Zdg dz' M jdedw 1 WWJICkO L Of tsdfddg
i tc d dBj4tL)
tt.iter_ref 0 14 dMmftsdz L s9 Oldzls tfysdgjtai@fyid ts dzdzts j
>0 ] OSMd d@3Odz! detsy ydmdzts dlsjteOyd?
tt.boosting 0 14d dmMfsdz' L s Ols! HJOGtsdzOdz! dzz¥ § tSHH
1 1l Jdzdyd dzO0 1 Otcd@) s ®IOL.3.12
tt.global_pivot| O 14 dmf sdzr L ts9 Ofls) to jehpiBdgds Coff |
1 RMfsdz! L so Ols! cdzsBOdz! dz" jJ  jtoj MisOdets
init(self, matrix, [ftype, options])

dlsOHdY ddzd ydBAdL Oydd ( Mmts.

] slsdzd yefisf IstslB O L H j M BOstcdyd fjjttjHOjlsmw oalsdifci p
HOdzdB jrtclz Isw  dzj § tsfmatixd Mis d Pdzliye) e j ! S Ydds deOdg dday O dzd
COoOyj M PCbeed@L Oydd BERZHJjIS 7 BtcOdzO L U.

>>> import numpy as np

>>> from pyuspars_package.solver import FACTORIZE_TYPE as ftype
>>> ttrtype = 1

>>> tt.init(A, ftype.LDLH)

fact (self )
dlsOHdw WOSkrBJL Oydd ( Mmts.
1HiM MdedzOlkztc® &G ssHO ftOCIsdyd M¢d dzaj wslsdzdyoj Ismw

>>> tt . fact ()

solve (self , b)

dlsOHdw toj 24.dedw ( Mtc.

ydmdzts f tcOor B d fyO f Bgrdd s o Otblsdntwc lfdsj QSO sfqw o W stedzOls |
(dzdBts numpy. mat-missdzry®)HY dzv | Oigttt?d HFi@Rak®BS] numpy
Rdzesy 4 Mise j dzdz" = ftcOor 7 yOfmlsj 2.

>>> tt.solve(b)

D33v. =7 ) w' o o

A Iz dz€ yuppars_param_set() d uspars_param_get() f OCJ 0O USPARS fn dzt
sBd MY J yud ded W HsMiskzd O/ toj HOS Is $RIEDICIE]IYEZ te tlz] C(HAE B O L HYJ
dtcjHMlsoatsdz tjHOCIsdictso Oded W 9 PYyYUSPARS Mmdzzydls dmt
ftcdojHjdz o yvOf tgdosy HDEZW2 .L OH Odzd W 9 j dzd yd dz f OtcOd3d Is
HdOG sdzOdz! des? Y SHHJ ey € d:

>>> tt . boosting _value =1e-9

a7



v OB dA]. 21O B dzd y O

HifMCtdflssete

HOdzgdz" = H dzw

fitdnoyd

tt.boosting_value

9jhjMmlse j dzdats
fsdzsy dls j dz¢ o

] Otc O @il fideld sz j Mlse dzj dzd
fsHH] €3Ld

tt. gp_eps

9 hjMise j dedats
fsdzsy dlsj dz dg

1 O O3] Ists Off P datsfiplis i J dndete ede) dizdd
fjtejfmlsOdds 56

tt. iter_stop_crit

d N Jmlse j dadzts

stedlsjtd?2 GMsO&setd (6 6sd
fted dMmitsdz L tso Odzdd dlsge®yd

tt. perm_vector

9]
fsdsy dlsj d d
Kj &sydmdj dzdz

1 5dz Lo O] a2 MCd2 ojClsst §

o ddgts? VW budglrg didit ()

I fwesyimm

d 9
drodaj @Y ted d3j ts,

>>> nnzl = tt.nnzl

(s uydfds MsOdss dlshw

fd3 & v OBddyJ

" ud mdz dzd 2

D. 3.

v OB dA.3¥WO B dzd Yy O

&j Csbster j dL
Y lsytsf Enutigpsdzlz ezglzg y L

dLo jMisdy &5 § smdzj WOLT

HifMCtdfssse

HiMStod Bitstg Ezaf WH Odzdz’ =

H dzw

tt.boosting_value

N jMmlsoj dzdzs
fsdztsy dlsj d dz

] OO Istc o e dasfiplsiqj Mmis o dzj dzd
fsHHj €35 d

tt. gp_eps

N jMmlso j dzdzs
fsdztsy dlsj dz dz

1 Ot O3] Is tc Ot t3ep disfilis T j dndsts ede) ddzddf
fitejmlsO8dse 5€

tt. iter_stop_crit

9jh jMmlse j dadzts
fsdzsy dlsj dz¢ dz

stdlsjtd?2 GMsO&seSd (6 lsd
fted dMmiftsd L tso Odzdd dlsgedyd

tt. perm_vector

Kd dzsyd mdzj dzadz

1 5dz Lo O] a2 MCd2 ojClst §

o -udzs? W budgarg didit ()
tt.nnzl A dztsj ydfdzss|) sfdzj L Oo j teh j dzd wuspar® mig)ls ™ W
ud mdzts dgjtdzlzjozii jo dzlshtOL Isets tely .
D.34v' S ow, o

calc_residual_norm(self)
I sHMyj b Bldatsmdlsj d2f dats 2
>>> value=tt.calc_residual_norm()

calc_norm_error(self,x)

I sHMmuydls tlsdesmdls dz! dats?
>>> value=tt.calc_norm_error(x_exact)

calc_op_criterion(self)

1 sHfMUdls CtdB jiOfv oo silsard syj deSd bkfss?2 ydeshlsd § &dk-

>>>value=tt.calc_op_criterion()

get_permuted matrix(self)

l sLotcOh O Is

9T Lo OO f sMmdzj

dMmo SH dakz v
fMilsOH d d

>>> A perm=tt . get _permuted _matrix ()

cond(matrix,k,q)

vd fiils B &2 ) czts o des @z ) @) steH j 2 fpso s QO zduisor 7, EBHELPhe @
o 4 48O jets  d&&ZOHN j ¢ 5. Afipdizzcirfayy Hosih) 1SS0 o wxf fij jlsdz 5y §
flsOteh d& d
2t j d3Q It

Slsdashj g detf

sBkmdss dj s OodEEESdy uj Mse s tyj dde O d' -
Pud s e st Gpsdsdte ts dzf

Ol sdesd Egetiztcdg” dzj oV L 5C o

teg hj dad 2

USPARS

dzz y o4
M sdesnd IS ezt dy e to j N dts fifistglzy O §

Gsted  dzj o WL Cd

dsteddr ftsctejh desfflsd ff ts

ddzd yd ©0dzdL Oydd

BkzHEIS WD, Ot dsLOR s Qe L
Rdzs G d -

ftcOor n

48

Yoflsj 2
Bdzs ¢ g 7 dt, te G’ s3s 01 @sfifjdsjo ) dzdzts

L

H O dzdz
L P& sz ®dziILL Zj 8 CsdB30dH 2

dded yq Odzd L O

L OH Od

g0 tedbyLz  if JstEmdEfjdSsEF detsflas ji di fedig ) Usts & T

d

d3d



fdmisj kB te@o " d&3d O f P @fdz0 Y § dedf*h Oty clistdlc tsro thlzbf 19 fristas W dizts fy Is d
6 OM\n IStk dzts o ol o) dedatpgizai 54 ded o ' yd Mmdzj dzad 2 .

>>> from pyuspars _package . tools import cond

>>> cond_number = cond(A, k=5, 0=20)
DO KwA’™ = " 7",
DA4lv | " numpy/seipy” S c T T

g ydIlsr o Gt e\atwixMarket
>>> from scipy.io import mmread
>>> A _mm = mmread( "matrix.mtx" ).tocsr()

1 jtejotsH  dzslsdzts?2 d3OIsted yr 9 CSR WtsttdOls
>>> jmport numpy as np

>>> from scipy import sparse

>>> A d=[[16., =2, 0, 0], [0, 4.,0,0],[0,0,0,5],[0,0,1.,0]]

>>> A = sparse.csr_matrix (A_d)

teydesy ftedojHiddi IsdfoO

>>> jmport nhumpy as np

>>> from scipy import sparse

>>> A d=[[16., -2,0,0],[0,4.,0,0],[0,0,0,5],[0,0, 1.,0]]
>>> b = np.array([1, 1, 1, 1], dtype=np.complex128)

>>> A = sparse.csr_matrix (A_d, dtype=np.complex128)

{ 4" J dzd Jespsolve

>>> from scipy.io import mmread
>>> jmport numpy as np
>>> from pyuspars_package.scipy import spsolv e

>>> A = mmread("matrix.mtx").tocsr()
>>> x_exact = np.full (A.shape[0], 1)
>>>p=A *x_exact

>>> x = spsolve(A, b)

t 4 M4 dzd Jefactorized

>>> from scipy.io import mmread
>>> jmport numpy as np _
>>> from pyuspars_package.scipy import facto rized

>>> A= mmread("matrix.mtx").tocsr()
>>> x_exact = np.full(A.shape[0], 1)
>>>p=A *x_exact

>>> solve=factorized(A)

>>> x = solve (b)

DKG& Il wv USPARSW w: ' "~

Hdzj HEZs h OW | OctsktsaC0O BlHjl jHdds?2 H&Y efmjn L OfEMS

>>> from pyuspars_package.solver import PyUspars
>>> from pyuspars_package.solver import FACTORIZE_TYPE as f type
>>> from scipy.io import mmread

>>> import numpy as np

>>> A = mmread("matrix.mtx").tocsr()
>>> x_exact = np.full(A.shape[0], 1)
>>>ph=A *x_exact

1 dzj 2 o3r

(1., 2) dBEABRS]EE] G | o

(3, 4) di3fshdelz] 3 Bj ssmx i BB J s d o Budpeydzd 6 kg eds o
dMftsd L 8o Ols! Hd&Y OBl' ) §dhsksd & ojSkstcOdkd:

(5) Mudbr 80j B BOAPRESHBPg ey o sHdd jJ o .
(6) MBLHOjdB ojSlktste Itsydetsets tejh jdedv, Msmlsswh d2 dL JHdd
(7) uvkgdesy OW EOtedyk dzO o jClstste MBLHOj B fL@oks yOms: Mg
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dlsOdzH Otelsdz" 2 L O EMS twjhjdedw

>>> tt = PyUspars ()

>>> tt .init (A, ftype . LU)
>>> tt.fact()

>>> x = tt.solve(b)

tdnhjgdedj M tsdzde i3 dzse qtetso Oded j &3 d B Ezflsd dzac s

>>> tt.boosting = 2

>>> tt.msglvl = 2

>>> tt = PyUspars()
>>> ttinit(A, ftype.LU)
>>> tt.fact()

>>> x= tt .solve (b)

j h§ dzd j pdej hdzd d3 o jClsstesds §jte] MisOdese 5¢ o
t>>i peer = d ﬁst f?range (A.shape[0] -1, -1, -1) #Re 0 e Oy C|hPPOAZet | 6] VY
>>> tt = PyUspars ()
>>> tt .rtype =2 . C s s o
>>> tt . perm_vector = perm #S OO0 eC0OQ@y 0 USPARS
>>> tt.init(A, ftype.LU)
>>> tt.fact()
>>> x = tt.solve(b)

10HOdd] Ctdlsjtdy sShMisOdsssd dlsjcOoydsddses §isyj fif

>>> tt = PyUspars ()

>>> tt.iter_ref = 2

>>> tt.iter_stop_crit = 1le -12
>>> tt.init(A, ftype.LU)

>>> tt.fact()

>>> x = solve(b)

l dL & Odzdftaystej Is O tc QigCdsiteid]j yzdfdfjtsf) dgjs © dzts o €
ddicOL 4.3 dz

>>> import matplotlib.pylab as plt
>>> tt = PyUspars()

>>> tt.init(A) _
>>> plt.spy(tt.get_permuted_matrix())

I 7 ¢ to lzu dz@y jndat] v

>>> tt = PyUspars()
>>> tt.init(A)
>>> print (tt.nnzl)

t OMmYisls o] " detizf by L ¢ g

>>> tt = PyUspars ()

>>> tt.init(A, ftype.LU)

>>> tt.fact()

>>> x = tt.solve(b) .

>>> print  ( "discrepancy =", tt.calc_norm_discrepancy() )
>>> print  ("error =", tt.calc_norm_error(x_exact))
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