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This dissertation describes the implementation of sparse matrix techniques to
speed up the execution of a circuit simulation program called "LEK". Its key idea is based
on the facts that the coefficient matrix of the simulated circuit equation is usually sparse,
i.e. consists of a large percentage of zero elements, and that the circuit equation is to be
solved many times with the same zero - nonzero matrix structure. These techniques
include a sparse matrix data structuring to reduce the memory storage of a sparse matrix,
a Markowitz matrix reordering to reduce the amount of nonzero matrix operations and a
sparse LU factorization procedure for performing only the nonzero operations. Using
these techniques, the computational complexity of the circuit equation solving subroutine
has been significantly reduced. Furthermore, a technique to generate a specialized
runtime code for executing the sparse LU factorization is also described in details. Two
types of code, namely an interpretive code and a machine code, have been
implemented. These codes contain no loop nor jump instruction and access each matrix
elements directly. Using these codes, the execution of the sparse matrix equation solving
can be furhter reduces up to 10 times. However, these codes also require additional
memory whose amount depends on the number of nonzero matrix elements and therefore

can be significant for a large circuit.
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A
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riscor 20— 4 |2 1 o e efdl 2 2] (0]
4

A
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Diagonal [4]
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1 2 3 4 5 6 7 8 9

Value =| 10 4 2 -2 7 -3 51 -1 5

Row =|. 2 2 1 4 4 1 3 3 1

Col=|" "2 1 4 4 3 1 2 4 2

NextRow =| 7 0 8 0 0 2 0 4 1
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FirstRow =| 6 9 5 3
FirstCol=| 6 2 7 5
Diagonal = 6 1 0 4
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ANNANAUFLLAUAGET 1 Fin

- A = \
* nzero 1Uﬂ Taed 2 ARUUIANUIE

® FirstRow, FirstCol, Diagonal WAAZLAIRAGLAIUNAWNTL 2 * n U6
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v~ o e = , o
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1 e

o a ad [~
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8 Y e e & 4 - L2 a
1TTUN172851999 2 AN FLATAILNULNAABINITAALIAINIF A NUNNE a9 aRald  AFHIATaY
AANNILAAFAZAINITDANUITUNAANS LaTIuN Lael I fiaR A undNaaa9sidan N ldanunsous

annswvandlalaeldinanioanga

5.2.1 SUARIFILATAIN LT AU ULAUATUIUASY

Tunsniseesallfasnasianidarsesingdeiumiaslssunananats  (CPU:Central

1
A

Processing Unit) m3ena Pentium 2891357 Intel Wit sasndueiesiRaadasiunis
Auanuarsuusielag FPU (Floating Point Unit) asiufiuiagnusdae ‘F' ut Ienflungule
6ﬂz§uﬁ\1ﬁ [14]

1. Data Transfer Lﬂuﬁﬁzﬁéq@jm, qei, daULaEngANann Register

2. Basic Arithmetic Lﬂuﬁﬁﬁqﬁﬁuqmﬁugm

3. Comparison A& Reudiey

4. Transcendental- Wiusndaduansilaridusnlnada, enfade, log

5. Load Constants _ Ifludndsldanasilsanlu Register

6. FPU Control Lﬂuﬁﬂzﬁﬂfsumﬂwﬁﬁmumm FPU

o o uI/ d‘ ni ] dll % a ra’l’ v a o y [ % d”
IVAANRILATEIN 1 113N17ANLI DN BN ANN TN T AL T LN e AN FI5953

FLD B1UAAIATUIUa e ULl Register 1a9midagtseanananana
FSTP TudinAnfaadn i uass i R g anas s vua

FLDZ 1dA1 0 aglu Register 289 Milagtszunananans

FLD1 1dA1 1 avlu Register 289 Milagtlszanananans

FADDP UINLATANUIUAT

FSUBR ALLATRUIUATY

FMUL ANLATANUIUAT

FDIVRP PNTLATUINUILAT
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dl a o dg/ % o a ] o & a Y o [ nI/
wasannluwanuddeil dayaiaranuruasausazsialaunn 8 Tus (64 1n) nisldsiaad
wassneaslAaeulugy
Fxxx QWORD [ offset ]
FeunnefafunisinAasauiuasaneslu Address [DS:offset] 119 [DS:offset+7]

AaUiUANlW Register Tu FPU Tag Register‘ﬁl FPU TfA1uanuaganuinaseasiiu Register
BAANYAGINAN Register ﬁugﬁmmmiwﬂizmm@ﬂmq Usznausng Register 411419 80 116
d1uau 8 i Funda RO - R7 aglulpssairedeyauuunasdeu (Stack) Adelunsdiuanias
SunuARTaLAasnITTNL Register ﬁ@fﬁiuﬁnLLmiauuzgmmnm%ﬂu (Top of Stack) i
Bandn ST(O) vide ST ilefinnsenuanlvsliduvisatinadndannnnedunmnAdn i lunes
da1 (PUSH) aznnlef ST gm’ﬁlﬂuvl,ﬂ% Register (R) fasall wsadrdin1stinA1een (POP) a1n

Stack Azl ST gniaauNaLNAL

(@) (b) (c) (d)
R7 R7 R7 R7
R6 R6 R6 R6&
R5 RS R5 RS
R4 5.6 ST(0) R4| 1344 |ST() R4| 1344 |ST(1) R4| 5288 |sT(0)
R3 R3 R3 39.14 ST(0) R3
R2 R2 R2 R2
R1 R1 R1 R1
RO RO RO RO

FLD valuel ; (@) valuel = 5.6
FMUL value2 ; (b) value2 =2.4
FLD value3 ; value3 = 3.8
FMUL value4 ; () valued = 10.3
FADDP ST(1) ; (d)

917 5.7 N9AUANALATIRIUIUATITEY Register T FPU

v
[ %

o ] o O nI/ dl dl A o o dgl
mfamwmmmmm@ﬂugﬂw 5.7 {HAURNDUNITNINTUANU

£3
[

ANRS FLD value1 a11An 5.6 liith ST(0) SvanyAsninasiadil R4

U

—_

<

ANA FMUL value2 AN 2.4 azgnunlimouiu ST(O) MiAnilu 13.44 iuagh R4

ANEY FLD value3 az PUSH Avaslunasdald ST aziaauaddndn R3 waoadnial 3.8 adll

o

ARS FMUL value4 azAnuAn 3.8 lu ST(0) fiuen 10.3 il 39.14 1iulu R5

o M DN

ANEY FADDP ST(1) aziin@nlu ST(1) Aa 13.44 wnuanfuAnls ST(0) wax POP A1 39.14

!
=

2aNN1698 11197 ST(0) AAUNALNIN R4 WAASLINAKALINNNLALT R4

FoenetneunuLansfan sl sia A ALATRINEMNLATINTBINITADUATAIUIUATY 9

'
o

@) o :j/ =3 all o % a "
WunsanunduneunilendnAny lunisudannisimvsndaaansaslnin

@
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5.2.2 SUUWLLARITHAANFILATDY
dl ad v a Ly Y v ¥ o o oI/ dl ° [ ¥
Waldsunsumndsufannisumindaetasasldude  ava¥wgnsiandansesdniuwd
annaiuEesseiuluuaALTe Mac_Code sWandapsasiiaiunsnutiaeaniiiily 9 wuy
oA d o eae oo Lo o
tlag ivanavin lvgasvianduaTasilavneiesngn
5.2.2.1 NIADUAUTUAINAANS 114 ST
A o ' a dl o [ o ¥ < ! o oI/ dg/
AONSNANANITNNAUMNATHE a waz b 1l wdafiue iy ST gluuuAndedl
azldifluAdauanlunismainasnaesnisgns Inefiayld ST lusaudsdansafivAiuasau
aNn"3N (5.5) LAANARINITAUILAIN

ST = Araj* Aibj (5.5)

saAAATesuLIAAL Mac_Code azdlgiliuiumnixgili 5.8

FLD QWORD A[a] (ST < Ala]) DD 06 Index a

FMUL  QWORD A[b] (ST < ST*Alb] ) DC OE Index b

917 5.8 gUlunLIRAAIRILATRY NITAMULAATUAINAANS W ST” luunaanA Mac_Code

5.2.2.2 NMSAMIUANTUANAANS ML NTNT
Fansihengundniidumdesail 2 gauiudle ST wdauAwadngluaun@ng
FAUMLATE b AunnaT (5.5) Lmeqgm?ﬂﬁ?ﬁquqmﬁqﬁ
Arb1= Ara] * ST (5.5)

naifivsiaAdaLezesaziitas a8 6L Mac_Code mxgtluunilugiln 5.9

FMUL  QWORD Ala] (ST < ST*Ala]) DC OE Index a

FSTP QWORD A[b] (Alb] <= ST) DD 1E Index b

717 5.9 guluuusiaAdaAses N19AnEUILANAANS llunEng” Tuunaansu Mac_Code

5.2.2.3 n13u2nA 14 ST

ABNNTUANYEY Register 1 FPU AR1umle ST waz ST(1) wdanuAtaans i ST Ad

e l¥lugunied (5.7)
ST = ST + ST (5.7)

nsLiusiaAIAILATaNaLi LA TULNIAAL Mac_Code mugtlunlugili 5.10

FADDP ST(1) (ST <= ST*ST(1) ) DE C1

317 5.10 guuuLiaAARATes "n1suanAle ST Tuunaansu Mac_Code
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5.2.2.4 mMaauAaage ST
AENINANENNTN AR UMLETT a unavesnanAnly ST wasifuAuadnsly ST &
waasl¥luguniad (5.8)
ST = Afa] - ST (5.8)

NBLALIRAAIAILATENALLI LAY TUINNR1AL Mac_Code mnugiluunlugiln 5.11

FSUBR QWORD Ala] (ST < A[b] - ST) DC 2E Index a

717 511 gluuusiaAdaeaas’nisaurafiae ST TuunaanAu Mac_Code

5.2.2.5 manuA1ad1y ST

'
o A

T lunsiinasndinisumisani a WiandnluwienuesyadAnynasgnnauasdou
1 1 v
Tugluuusiaadaezesandudinlyl - usiFnan@nidaldligniivly ST Assiaafudasly ST

ABUNNINAULAMEYY Fadnd 8 ludnnisi (5.9)
ST = Afa] (5.9)

nsiiusiaAdarsedaziivasunaa1ay Mac_Code mugtluinlugili 5.12

FLD QWORD Ala] (ST < Alb]) DD 06 Index a

7U# 5.12 guuuusiaadsazes niaifiva1adlu ST luunaddu Mac_Code

5.2.2.6 NINALLARAI
PaNINALLAEAUANIY ST AINNARANIINALLANEINANANITN TuLWIN e KA ATy

(Wit 4.4) Fauaadl¥luauniag (5.10)
ST= 1/ST (5.10)

N3LiLIRAAAILATENALLI LAY TUINIR AL Mac Code Augtlunilugiln 5.13

FLD1 (ST« 1) D9 E8

FDIVRP ST(1) (ST < ST/ST(1)) DE F1

717 5.13 gulunusiasduares nianduAsdan” TuunaanAu Mac_Code

5.2.2.7 n7unnA ST avluunsng

AanaAUAN I ST adluandnnauwmdasail a sauanaldluannisi (5.11)
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Araj= ST (5.11)

naLiusiaAIAsLeTasazLiuas I8 1AL Mac_Code Augiluunlugiln 5.14

FSTP QWORD Ala] (Alb] <= ST) DD 1E Index a

717 5.14 guunusiaAdsiAzes nistiuingn ST aslumand” Tuunansiu Mac_Code

o

5.2.2.8 nnuaAuLluAueE]

a ° ! a ao - R v - Y@ o o A o
AANITANUUAANANITNNALLUNUIATLS a GLVNﬂqLﬂu@uﬂ @g]ﬂﬂﬂuﬂqm\iLL?ﬂ@qﬂLW@ﬂ’]ﬁu@l

1
a A

Ara@ndilu Fill-ins usd A nduguaneuGumamiwn  mafusiaaidasresaziiuag

Tuunaa#u Mac_Code sinngiuinlugiln 5.15

FLDZ (ST« 0) 29 EE

FSTP QWORD Ala] (Alb] < ST) DD 1E Index a

U7 5.15 guunuaiaAndsazesnauaAniuAud” luuwnaaAu Mac_Code

5.2.2.9 ¥gANITAIUI

A nl/ b4 dl o % o o , d’ dl % lé( Y ° QI/ b4
AanisdlilATRgRBNA NNNIANARIEsTRAN AR AU arlTiduAdegaving

U033 AR AIRTRAAND TataziiuasinIa1AL Mac_Code Angtluunilugiln 5.16

RETF (Return far) CB

717 5.16 gUutusaAATATEY MEANIIAMINS THInaa AL Mac_Code

au

AngUuuusianIdaasedny 8 wutazdNsninnBassefiuiugasiandaasaive

WAZENN139997 AN TS 11 luN19AUIUIAN [ MINENANT (2.6)

k-1
Ly =a;— DL ., Ty i >k (26)
. . . m=1
TRINAAIAILPTOIA TR AN HTUE AT
FLD  QWORD [/] EAMRIE
FMUL  QWORD [uy]
FLD QWORD [/;;] ; guuuu 1
FMUL  QWORD [ux]
FADDP ST(1)  guuud 3
FLD  QWORD [/i/] PRI

FMUL  QWORD [u-;«]
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FADDP ST(1) ; gluuny 3
FSUBR  QWORD [ai]  gtluuun 4
BeazlfAnadnsaes I wiueglu ST 617 = k uanedn Iy Wuanndinluuwimiesy

AVATYIBNNVENE 4 ARINAUANAIUANINATANINAULARAIBAN AN TN T WIN e
ffty udadenAnndulUd 1 seil

FLD1 ; gﬂl,muﬁ 6

FDIVRP ST(1)

FSTP  QWORD [/y] - guluund 7

=

AAIUNITANUIUINAT U, 2 BAZ X7 Angng (2.7), (2.9) wac (2.10) AINANAL A

1
o

FnEniznIA ARG B I Ui TANAR AR TLUNSWAN [ uazTASTARNES
wisasidugasdndanisuiannamrisndazdusiaAndartesd wiLA A ly, w 2z Uaz
Xi Fessafumuduaew LU Factorization udadevineidaesnds RETF ( Return Far ) Tunnsdu
gamsfunangradfanidusiadidusies

WOMa1AL  Mac_Code anunsnlaeuilasrunneanueng L d e uunaan A
Inp_Code WAGNLINALAUUAANNEN2983Lnaa LS 6 x n° sl (n AnduusaulTaasslu
ANNTNAT) Lwit’ﬁmﬂ@ﬁmﬁwéq'“qLﬂ?@qﬁmum%ﬂm&iﬂdﬂﬁ 151N 3azaIL0Ia16L Mac_Code
ﬁlmiﬁlﬁmmm‘lmai%uuﬁqé’wmﬁaﬁﬂzﬁﬁLﬂ?lmmLﬁﬂlﬁfﬁumﬁﬁﬁﬂmﬁ: LazAURUAMaE NS
2849 Mac_Code Wannauldnuszuy
5.2.3 38n153anldsaANAaLAD

Heatsiasduradflunnaddt Mac Code uda azdalimanfiamefinauny
wiasduesasniairaaulngniasamunly Register CS:IP Tl aunad1du Mac_Code 33mns

1%

AaEun1FAN49 CALL FAR Audumausatl

PUSH ES -1y Extra Segment (ES) 1Aan 131 Stack
PUSH DS 11 Data Segment (DS) AN 14 Stack
MOV ES, [Segment of b] 1 1 ES lalsia Segment 1BILAIAIAL b
MOV DS, [Segment of A]; 191 DS ey Segment 1BSULOIAIAL A
CALL FAR [StartInst]  nselanliinenfiunagndu Startinst
POP DS - flerneuataudnaciud DS
POP ES . WAZAN ES LAY

' '
v a & o o

Startinst 1uLaaFUARUAIEY CALL FAR l¥dnsilszunananisnananselaml

NUEILDIANFL Mac_Code anvnasnila  ailibiasannlulilsunsuanunsnadie Mac_Code
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X v =y im0 ' , 4 o v o o Ry >
Tunn livanaga Aaglaidfnumie Address utinaunazinuuaasuldsunsnld Aniuasdesadg
WIRAY Startinst Tusnlaefudeyaniugili 5,17 33dasawnsndslineniamaslilinaui

Address lold Tnefnuunen Address Bl Tuunandu Startinst niew

CALL FAR [Mac_Code] 9A Address 189 Mac_Code

77 5.17 dayaiivluunidndiu Startinst

A9UNNINNUAAN Register DS 1az ES 1WA Segment 289un3nd 4 waz b ANAAL

2’/ o v 1 1 ZJ/ a G dl M v 1 a o ]
U2 TUNNIATUITUAZABNBIUANRINANNTINT 4 Las b Gﬁ\‘iiﬁﬂﬂ’ﬂﬁl“ﬂ Segment AN LB

£l
v v

Tnalsnmudasiandsinsasazaneiislsivesdayaly Segment DS Wit Astiudngiaanisldde
yaaINuysnd b azfasldaia 26n 1vviisiaaidaneuanitazdnsiedayalu Segment ES
dl o 4 < a e = Yy a < 3 1 dl
nsnnmua i ES iy Segment asmviand b arzinislddeyaainuvsnd b dasndn feas

Tl denLiusia 26h deanda
= ° Y o o to. A a P a A o o T I
iasannnisauanslne dsiaadaesesinisldimatanisGesanaulnsiguimga iy
nsauanlneldaiaunuulaties AululaAuonmNsianduaseadaizauiasudiazses

asuAlwuvand b Wgnsasnauassihaaeulluansnasiall

5.3 floymnlunngldgnadnSantsudannasivisnd

nsuiannsvisndlaaligasdisaniloiddAnnsesaiiiets Aatloyuii Pivot aau
Guusnianllidugud wilanaaiuliifaniswasuanauzia i Pivot nanenilugusll vinld
Nadariananm division by zero au - flyriaziiagulalunisaiaasnanauauesiaamzae

9ag i ueasngUnsaflsvinnadndiiuasdilsznay 1 wsassinatnelugili 5.18

)

Cl ;: §R1

V2 fluunaeusesiuias Ry ABAMNANUNNUANTINANAAT043NT S1
R

R, ABAMNAIUNIUANE LML V1 o PEAMNANLNNUIBIUAAIAAILANARINT S1

¢ |

all %3 1 dld a 6
317 5.18 29assatanigindiduesAlsznay
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ANa9aslugili 5.18 @and S1 ariladaussdiuilum 3 (v, ) HAminnan 0 Taas dailu

ANUAAILIIAUNAT V2 ane1dasts V2 Tas o antlanniseasaziily

I U 1 R
RCT RCT :
1 1 1 (1 C1
S -1
R, R, Rl h V2 PRl
1
-1 Vv 0
RCO]L :
1 RV] Il Vl
1 I, V2
EiesinnsBesandu1valnnaia Markowitz (Wada 4.3 ) udnasld
1 V; V2
1 1 I 0
RCOIL 2
1 1 (1 1 C1
—F A \% A
R, Rl h R 2 hol
__14 (- . v 0
RCT RCT :
1 R, L V1

1 ] ' o a = 1 1 { [ '8
we 0 1A V2 = 0 Taas ez liigand S1 11le uay A1 —— lastlu o Taviu

cr

1 V3 0
1
-1 I 0
RCOIL
N Y Cl
1+ \% —V,(t-1
Rl 'h ] p 2D
0 -1 Vi 0
1 RVl Il Vl

Az PIVOT siafl 4 ulasuanflugudillanatinull dedunndaudannisdaegns

% 1
aFansudanninisndinnsellazinldinadelianann divide by zero TuluueNnALLAL

#7ua849 Pivot faf 4

o o o < v a o‘d‘ | o o QI/ [ dg/ %
ATUTUGYATANTANITUNANNITINNTNDN \uevia LL‘]_I‘LILL‘]J@ﬂ?@ﬂ@’]ﬂ’]ﬁ‘ﬂﬁﬂ\muﬂﬁyﬂﬁublﬁ

InedNe INEINANAINTIRRDLANIRY Pivot ABUNAZNNIHANITUNT (SWALLLN 2) WANUIN
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Pivot ilugueiazaanainnisAIMiunLazaziingizesa AU udLdnasusndatlsenauuuues-
gLmzzﬁwzgmz%L?@mﬂﬁmumimﬁﬂﬁﬁimLﬁlﬂﬁ’]mmmﬂ"ﬁﬁl@u&i'ﬂiﬂ

widgmsdndanisufaunswrindidusiadidueies azifianmaaaurizes Pivot o
2 35h4

1. NMUAAN Exception Marks @115L FPU Control Word[15] lanAuRaAnana
division by zero 4 LLﬂzLﬁ@Lﬁmmmamwmmﬁéu CPU %mﬂmmiﬂﬁﬁmuﬁ' Interrupt was
75n  Tnadeliaanannmsinauaedilaunsy  dunsoiagunisinauaes Interrupt LLUaS
75h  WidsunsunaulivnnnsSusdndulniazaiasgasdndanisufannisldfideanismns

o

Y . % Xy A Ao o b ° y = =
foaraudld  wiitiidedendrdnypeniinasaauenudnaamnn  Wesaninismsaaasy
aNRanaatinaTiiawnlag FPU widnazlildands FOIV deiuadldiaenldnsi

2. insiandaAasdImitngaaaanal Pivot Silugudvise i nauineuniusian

UUUuN 6 “n1naulFedny” Tag@anaide FTST iamnsadaual Pivot MAulu ST

X
Lo
o)
oD
8}
Lo
©2ah

|

@9t ST dAnflugueazinli C, Flag 1w FPU Status Word[15] (3191 5.19) gn set iflu 1 dou

a a
| ]

1
o A = o

o a I = zill
TNRAANAILATRINLANNLATNIN AN

FTST s 1Faufgy ST(0) A 0.0

FNSTSW AX - 811A7 FPU Status Word snifiuldlu AX

AND AH, 40h nsagenzing 14 Safl Zero flag

1z DIV_OP ;111 ST # 0 WFlUvnnnsnauLFsdau

RETF . 61 ST = 0 lfeanannnisAuaiUn
DIV_OP: FLDI ; gﬂLmuﬁl 6 “NIINALILALAI”

FDIVRP  ST(1)

FPU Busy
Top of Stack Pointer
| COND.CODE FLAG

151413 11109 8 7 6 5 43 210

c| e |clc]c|E]ls|e|u]o|z|o] C, Overflow flag
3 2|1lo|s|F|ele|ElE|E|E

B

(NONE)

Condition
Code
Error Summary Status
Stack Fault
Exception Flags
Precision
Underflow
Overflow
Zero Divide
Denormalized Operand
Invalid Operation

Parity flag

o O O

w

Zero flag

71/7 5.19 FPU Status Word
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nMmaaadan Pivot tnedan 2 azinlildsunsuldinatAuanuingy n*12 &y

v
%

A o o a d} a 1 o o a
WIANT (0 AR UINFnLlIRaIrIuwas) Bdeuwiniuna lun19AnaIaIuIuase n*4 AT
uananigamliauiariianiiuanaassiaadarsasuniau 10 ludaanisldmdams 1 a5
o o o A o yyo o Y v o A a = oo =
nadevisaassuiadnaensuldduiunisuddymdsiuneiinanuaiasiiullsunsy A
A mdgo % . !
WAN M UANMIUNITATIR49L Pivot NAWNITUIT
LAYIaATI982a191N17aaNANNNTA UL IALITT A AN AALA TR ING e Pivot ALy

c A [

audl vsauwmanzAuganisanunandsns Assieald Register AX \{wsnd snuunugians

U937 5.20

(ﬁumiﬁm’Jmiﬂaiﬁaﬁﬁqaﬂ?m)

AX = 0000h N —— - 1

Y

#41d CPU fuaa

MUTHAMFUATOI

PIVOT=07?

AUIUA Y

AR TUAT4

AANITAIUIY 2 o
Taile

AX =1234h
Taily

/

PIVOT =0 .
Y o o v ' A lanaantuan
Aeuimsisesaian v

917 5.20 wnugRanesuNIIAUIInLsiaAAILATEY



UNN 6
NARALUAZIANTOINA

untaznanaienanismaaaulss@vnin naesmatawviindaasnnaadud  Taanns

= ] o ‘dl o o 1
WrsuauasamsA Nz ina 1 uN1991889n1979 489998 IR 192U
Tsunsn “i6n 6.0" wazlilsunsy “an” AlMUSIUTWRMANmMATATELNYENTNNIAT ALY
wazinegaazilunispszinanimmadauineilaueieqaiuiazanfes1emAtA1eg

WsnENNI ALl

a -d' =) o‘t:ll
6.1 TNEAZAAATRIATAIADNNUARIN I LUN1INAZAL

1. wigszunananans (CPU) Pentium 100 MHz
2. mifmm’mﬁﬁfmm (RAM) 16 Mbytes

3. wgAINALAT (Cache) 256 Kbytes

4. szuudf)denng MS-DOS 6.2

6.2 2937 AN T lun1maz el

r9asiifnfidenldluntmaaeudienun 119993 1ae 5 29asusniuagasnildaselu
19U IR A w2949 Regulator, 3937 Buck, 7937 OR Gate, 2443 Phase-Splitting LAz 9949
Triangular Wave Generator #a14@n 6 244911149995 RC Ladder NHa1uautulugassine) iy

e lfuangrnaazias A Aaza9as n1ANLA 7.
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6.3 lUsunsuitinunegadl

6.3.1 Tswnsu “van 6.0

. Set Initial

v

Load Matrix

v

pe LU-Factor

717 6.1 uHugRn e et e resitsunsn “&n 6.0”

4

|

Tsunsw “1an 6.0" idulilsunsasiuiunnldluenuanentinusi duldsunsundslald
watlarasivsnduiniaaguddislunisAiuins Maszidaaaesllsunsy “@n 6.0” lAaueld

Tuumil 3 wdo Teglil 6.1 uaAsuEUNINIIINUetsdeTesllsunIy “én 6.0”
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6.3.2 TUsunsu “van 6S”

Simulation

r

> Set Initial

/
Load
Sparse Matrix

v

- Sparse
LU-Factor

A

Sparse
LU-Solve

7N 6.2 uaunanainuetisdeaasidsunan “én 6S”

1%

Tusunsy “Bn 65 Wululsunsufiwmananainiilsunsa “@n6.0° lneldiinmaiinae
wsndnnaaAun idiaue B luuni 4 unedaudnly
1. magtunsAuanIn LAY AwE
2. (IAsaFeNIRAL ey AL LIWENGNNLAT ALl
dauzeslilsunsy “1&n 6 Rsngliannilsunsy “1@n 6.0° Aadau Load Sparse Matrix,
Sparse LU-Factor, Sparse LU-Solve ﬁummﬂugﬂﬁ 6.2 wan13naaeullsLngu “lan 6.0” Au
“1an 6" agyinlimaudelss@nin naasmatianisdunisauiuA gueiuns g lasaaing

naiiudayusLmEvEndNIna AU



6.3.3 TUsunsu “ean 6R”

Simulation

r

Set Initial

/
Load
Sparse Matrix

/
Markowitz
Reordering

A
Sparse
LU-Factor

A

Sparse
LU-Solve

91l 6.3 wannRnIaneuetnsagasilsunss “ién 6R”

Tisunsa “1an 6R” Iamuisieainidsunsu “1én 68" Inaiinmpaiiandsimaeafu i

ad . ¥ o ?;// = o o [ 3;// o
135193 Markowitz Wil TneagvinduseunisGasardulnsdneuduneunisuensalsznau
waa-g AsLanIiuRouN1919wlugl 6.3 nantsmeaeulilsunsy “i@n 6S” AU “ian 6R” Ay

o v =& a A a = o o 1 ac .
M limaunetlsz@nsninzeunaianisBasarsuluiniuisees Markowitz

42
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6.3.4 TUsunsu “van 6RINV’

Simulation

r

[

Set Initial

/
Load
Sparse Matrix

/
Markowitz
Reordering

No y

Sparse LU-Factor
with Inversing [

A

Sparse LU-Solve
without Division

9117 6.4 ununANIIMNIUeENeBasTlsunsy “uan 6RIny”
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6.3.5 TUswnsy “van 61"

< Simulation >

A

Set Initial

A
Load Sparse
Matrix

A
Markowitz
Reordering

Y

Sparse LU-Factor

A

Sparse LU-Solve

Y
Generate

[ |

317 6.5 ununANIIINReENeTesllsunsy “uan 61”

Tdsunsu “an 61"l uldsunsu
wallaresisnduinaagugudn feldinalianisaiegnediianisuianniswyiandlugisvia
o o A = o ° o nw v o o =
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y o — o <
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wvEnd lugdsviauuunlannds

Set Initial

Y

Load Sparse
Matrix

v

LU-Factor by
Interpretive Code

-

h J

LU-Solve by
Interpretive Code

Interpretive Code | [ ™ T = Stop Point?
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6.3.6 TUswnsy “van 6liny”

< Simulation >

A

Set Initial Set Initial
\ \ J
Load Sparse Load Sparse
Matrix Matrix
A
Markowitz y
Reordering LU-Factor by
- Interpretive Code No
Sparse LU-Factor v
with Inversing /
" LU-Solve by
v Interpretive Code
Sparse LU-Solve

without Division

\
Generate
Interpretive Code | [ ® T = Stop Point?
[ |

3117 6.6 uNUNANIIMNUBENNETesTlsunsH “1an 6liny”

Tdswnsa “u@n Blinv” Waunsiaanilsunss “an 617 TaeaNsln ANANIINAL AT A 1AN
anndnTuuwinuesyrd1Aty ienadeunazeanatiatiie ldsuiumaiianisainegnadsa
% a o o nl/ dl a o 1 !
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6.3.7 Tdswnsu “van 6M”

< Simulation >

A

Set Initial Set Initial [«
y \ J
Load Sparse Load Sparse
Matrix Matrix
A
Markowitz
Reordering

# r No

LU-Factor and
Sparse LU-Factor LU-Solve by

Machine Code

A

Sparse LU-Solve

A

Generate
Machine Code | [ * T = Stop Point?
[«
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Tdsunsu “an 6M” ifulilsinsunvmuiseannldsunsy “én 6R" Adnaiullsunsy
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6.3.8 TUsunsu “ean 6Minv”

< Simulation >

A

Set Initial Set Initial
\ ) J
Load Sparse Load Sparse
Matrix Matrix
A
Markowitz
Reordering
* 4 No
Sparse LU-Factor LU-Factor and
with Inversing / LU'S_OIVG by
{ ¥ Machine Code
Sparse LU-Solve
without Division
\
Generate
Machine Code | [ * T = Stop Point?
= ]
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6.4 NANIINALDLILAZIANTOUNA

6.4.1 KANISNARDUATULIAN
nanegeusunaiiaelildsunsian e 8 Tdsunsndnaeenisminauzesas
NAABLTIY 11 2997 wAaTdUAINIITNNNU InaButiuatfwsidigausaunisuiann1asly
29UNINNTURINAUNITNIAUGANTUIANNTWAT IUTBLGATINY TURBUNNTALKAGNTARAL,
o o dl dl 1o i 1 o 1 1 dlo/
nsuasenansmAImey  waznisvinguauriliaduseruasiney  azlignaanlugaidy

P
1A%

1 1 . { 1 o 1 a

Aounanazilvuaenily Tick @amsauwindu Rs—qmﬁ 97019 inns 0.858 ms ImeINg

SananuminaaziaansvsutiaiugadmataniAe A9 N13FIAIFUMNTRaN 1Y IC 8253-5

(Programmable Interval Timen[16] lulAzadaanfiamesiasnageay AannnNAlsnAA1fans
| { o 4 1 o 1 a ] I o |
natl 256 F9aznlr 1 Tick gLiNGL m—zqmﬁ wasuliafaunsaaniy 4 Juals

. dl QI =3 49{ ! [ (=3 o o a ZJ/ I o
Real Time Clock 1841A78439139%14 64 WIUAANIT TUNIIATUILENAUAN  NTAAIFLTNT

nanlu IC 8253-5 @nunsnnn lilngldA1dsn1en Assembly Aail

CLI ; Clear Interrupt Flag
MOV DX, 43h ;aenasdeyalii Port luas 43h (8253-5 Control Port )
MOV AL, 36h ; iwenlidedayaliit Counter 0 284 IC 8253-5 1dan Mode 3 Square

Wave Rate Generator

OUT DX, AL ;desa 36h 117 Port g 43h

NOP ; selidadayaizeuion

MOV DX, 40h ; Lﬁ@nm%@gaiﬂﬁ' Port 8% 40h ( 8253-5 Counter 0)
XOR AX, AX  ;nvuas1 AX W0

OUT DX, AL  ; de3%a 00h 11 Port 1wia$ 40n

NOP ;s lidedeyaiseion

MOV AL, 04h = ;@&en@enAismanadu 4

OUT DX, AL  ;dasvia 04h Ui Port e 40n

STI ; Set Interrupt Flag

NANIINAZALANLIANINNALE A9 1A 6.3



AMUIU  ATUNIN nailElunisianeeas (Ticks)
9aTNAEaY | )

Aauils LaUAUue” LEK®B.0 LEKBS LEKBR | LEK6RINv LEK®GI LEK®BIInv LEK6M | LEK6MInv

Regulator 4 | 62.50% 206 273 270 271 151 155 143 143

Buck 7 | 32.70% 27347 19388 17399 17477 8797 9096 8239 8325

OR Gate 18 | 22.50% 9662 | 4358 3177 3190 1300 1316 1106 1100

Phase-Splitting 33 | 11.50% 41251 7606 4426 4443 1167 177 937 926

Triaé\gglear;:g/rave 48 | 11.63% | 493684 | 203967 59775 50808 19376 19347 15929 15893

RC3 3| 77.80% 264 403 404 406 230 237 221 225

RC5 5 | 52.00% 609 779 677 680 346 354 329 327

RC10 10 | 28.00% 3047 1681 1326 1336 639 652 595 594

RC30 30 9.78% 62205 6776 5157 5181 1990 2033 1853 1846

RC50 50 5.92% | 281680 13726 10772 10812 3284 3350 3032 3012

RC100 100 2.98% | 2155238 39549 32474 32540 6778 6899 6264 6260

TATUNNIIARE AnmaugNEnAAN ldidweud +100%

(Sparsity Index )

RVUIBANVTNNINN A NN
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4. @10’ Register ne1lu FPU dnusuidusiaudstansnalunnsanuanlsd sinldan

AuanATINIEuLaTIEudayaiuMiteANNAIN e ST HaARANANN

wazunldmaianisaiegasdnianisufanniauyindsaasianidnsosuanay
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NARNNANINT 6.4

1an 6l \dn 6M .
E van 61 (Solve)
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Phase-Splitting 776 312 2.49 778 71 10.96 4.39
Triangular Wave| 5447 4113 328 | 13701 718 19.08 5.73
Generator
RC3 141 20 7.05 141 9 15.67 2.22
RC5 248 36 6.89 238 16 14.88 2.25
RC10 472 54 8.74 470 27 17.41 2.00
RC30 1608 249 6.46 1604 86 18.65 2.90
RC50 2541 435 5.84 2568 140 18.34 3.1
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AN9199 6.4 NANINAZALNAN IFA11I 1A Load Matrix Waz@quuignnsuadlylsunss
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Regulator 4 1 62.50% 128 184 143.75% 96 120 248 312 2.58
Buck 7 | 32.70% 392 298 76._05‘%_“ 144 192 358 488 2.49

OR Gate 18 | 22.50% 2592 1276 49.23% | 1518 1248 3114 3398 2.05
Phase-Splitting 33 | 11.50% 8712 2198 25.23% & 2562 2142 5206 5796 2.03
Triangule Wave | g | 11639 | 18432 | 4576 24.83% | 9252 9540 17290 18106 1.89

Generator |

RC3 3 | 77.80% 72 130 o/ 180.56% ; 66 84 172 222 2.61

RC5 5 | 52.00% 200 238 119.00% ’ 126 156 324 402 2.57
RC10 10 | 28.00% 800 508 6_5560/; | 276 336 704 852 2.55
RC30 30 9.78% 7200 1588 22.06% 876 1056 2224 2652 2.54
RC50 50 5.92% | 20000 2668 13.34% 1476 1776 3744 4452 2.54
RC100 100 2.98% | 80000 5368 6.71% 2976 3576 7544 8952 2.53
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295N nagaulssansninaadlilswnsy

deunluund 6 Wunismaseutlsunss “én 6.0" wazlusunsn “dn” ldRsnaia
Auiuivsndunia A Tneshatmeasiiinildnaaeuiiieau 11 29 Taouieldidy

1. 9237l 4a39lunnad§iiR 5 29as 14ur 2993 Regulator, 2927 Buck, 2433 OR Gate, 29
Qa7 Phase-Splitting waz14a9 Triangular Wave Generator %\1 5 29asnialuei Lwlquﬁ“ﬁl
Mnagauiiiamdsraninanaesilsunss &’ a4 aeennainanuaesnsas
A3 un el

2. 29a3 RC Ladder 6 29asisnuautsilunsandlu 3, 5, 10, 30, 50 waz 100 a {luseas
IR AR I aauass wigniamesauiienuus iadssdnsnmassisunsy
Lﬁ@Lﬁlm"qmuﬂﬂmwmm%uﬁam ANz AN Tlauiasasaunn gy

SUALIDY AURILNVIINT AN 5L AN TURIANNITINATNARALVIVNA LAAS1UA1FI9N 1.1

WAINARAL | A1UIUGALIRATY 'ﬁﬁmumm%ﬂmmﬂu@uﬂ‘ AT RIITLT Tl

Regulator 4 10 62.50 %
Buck 7 16 32.70 %

OR Gate 18 73 22.50 %
Phase-Splitting 38 125 11.50 %
e gl s 48 268 11.63%
RC, 3 7 77.80 %

RC, 5 13 52.00 %

RC,, 10 28 28.00 %

RC,, 30 88 9.78 %
RC,, 50 148 5.92 %
RC,q; 100 298 2.98 %

“sainnargnd  auouaundnfinen e
= = x100%

(Sparsity Index) A UAUANNTENTINUNA TWANINT

AN9199 1.1 SIUAZIDEIAUAINNIINT AN 72 RN BUAIANNN9AINAAAL
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1. 94’7 Regulator

\%!
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)

R1 D1 Rs
ANAN— AVAAY
1mQ 5002
cl1 ———
470 MF/—_\ #Z]Zner /x/

—aiie

31l%1 n.1 9943 Regulator

1943 Regulator Tugils a1 ilusgasuilasdnyaunlnviinszuaadulfiunszuanss tas

nstleudayanindanandsananlillsunsy LEK azlananisanaegasasuandlugii n.2

V1 1 0 Rs=ImOhm Sine Vm=10 =50 Ph=0Degree ;
D1 1 2 #IN916 Vd=0.6;
#In916 D PWL Vcutin=0.0V Ron=1mOhm Roff=100Meg Vz=1Meg Rz=1mOhm ;
C2 2 0 470uF VC(0)=0.0Volt;

Rs 2 3 50;

Dz 0 3 #Zener Vd=0.6;

#Zener D PWL Vcutin=0.0V Ron=1mOhm Roff=100Meg Vz=5Volt Rz=1mOhm ;
\' T 1=V1 2=V2 3=V3 Tstop=50mS Tstep=0.1mS StepCtrI=FIX MaxTRiter=15 ;

u3
x1EL
1.50

-0.25%

-0.30

-0.75

-1.00

EZC=Teaxt,

uz
*1E1
3.00

1.30

1.00

0.50

0.00

-2.00

Ui
x1E1
3.00

2.50

2.00

1.50

1.00

0.50

0. 00

-0.50

-1.00

-1.50

-2.00

1} u1 Min=-10. 0000000 Max= 9.9998763

bl vz Min= 0.0000289 HMax= 9.9997327

> U3 Min= 0.0000289 Max= 5.0001000
N i

N

}(

\\

/

o 0.50 1.00 1.50 2.00 2.50 3.00 3.50 4.00 4.50 5.00

x1E-2 Sec

A=Auto fcale, P=Print, R=Read Valuea. ¥=-set X¥-range, ¥-set Y¥Y-ranges

i~ ° o
gﬂ‘Vl N.2 HANNTNARINITNINULRINAT Regulator



2. 347 Buck

A'4 —

2.5mH

L1

1 ——

65

R1

33 UF I 1002

JE— |
100 V Ve + :
PWLC_
10v

717 .3 2939 Buck

2943 Buck TugU7 n.3 iilungasaaveuusssuliia tnantsilaudayanindanaindig

ansiilililsunsn LEK azlinanisdnaasivasuanslugiin n.4

Rs=0 Dc 100Volts ;

#IN916 Vd=0.6 ;

2.5mH IL(0)=0.0A ;

33uF VC(0)=0.0V ;

100hms ;

Ve 4 0 Rs=0 PWL #BrkPts=5 T1=0S V1=0Volt T2=0S V2=10Volts T3=25uS V3=10Volts
T4=25uS V4=0Volt T5=50uS V5=0Volt;

SI NO 1 2 Rs=ImOhm 4 0 Vth=5Volts Vdelta=0 Rcoil=1el0 ;

#IN916 D PWL Vcutin=0.6V Ron=1mOhm Roff=100Meg Vz=1Meg Rz=1mOhm ;

\' T Vplotl=V3 Vplot2=V(2,3) Vplot3= Tstop=50ms Tstep=0.1ms StepCtrl=Adj LTEv=0.1V

LTEi=0.1A MaxTRiter=15 ;
T e
HH H\ i
il AR
i
A e
Il LRI

U7 N.4 NAN1991ABININNNIULBIAT Buck

Vs 10
D1 02
L1 23
Cl130
R130

Max= &60.2946726
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3.:137 OR Gate

71l n.5 2933 OR Gate

7949 OR Gate lugilyn n .5 1lusgasdinifuaiuanA1ds OR lu IC tuas 7432

(Quadruple 2-Input Positive-OR Gate)[18] aanastlaudayanindananudneanstilililsunsy

LEK azldinanisanaasiaguanslugilii n.e

#BC549 Q NPN PWL BetaF=100 BetaR=1 Cbc=0 Cbe=0 Vcutin=0.6V Rpi=1K Rce=100Meg ;
#IN916 D PWL Vcutin=0.6V Ron=1mOhm Roff=100Meg Vz=1Meg Rz=1mOhm ;

VA 1 0 Rs=0 Pwl #BrkPts=4 T1=0.0 V1=0 T2=0.01 V2=0 T3=0.01 V3=5 T4=0.02 V4=5;
VB 2 0 Rs=0 Pwl #BrkPts=6 T1=0.0 V1=0 T2=0.005 V2=0 T3=0.005 V3=5 T4=0.015 V4=5

T5=0.015 V5=0 T6=0.02 V6=0;

Vee 3 0 Rs=0 DC 5;

DI
D2
Ql
R1
Q2
R2
Q3
Q4
R3
R4
D3
Q5
Q6
RS
R6
R7
Q7
D4
Q8

0 1 #IN916 Vd=0.6;

0 2 #IN916 Vd=0.6;

6 4 1 #BC549 VBC=-1V VBE=0.6;
3 4 4k;

7 5 2 #BC549 VBC=-1V VBE=0.6;
35 4k;

8 6 9 #BC549 VBC=-1V VBE=0.6;
8 7 9 #BC549 VBC=-1V VBE=0.6;
3 8 2.5k;

90 1k;

8 10 #1N916 Vd=0.6 ;

10 9 0 #BC549 VBC=-1V VBE=0.6;

11 10 12 #BC549 VBC=-1V_VBE=0.6;
311 1.6k;

12 0 1k;

313 130;

13 11 14 #BC549 VBC=-1V VBE=0.6 ;
14 15 #IN916 Vd=0.6 ;

15 12 0 #BC549 VBC=-1V VBE=0.6;

\' T Vplotl=V1 Vplot2=V2 Vplot3=V15 Tstop=50ms Tstep=0.1ms StepCtrl=FIX MaxTRiter=50 ;
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o uL Min= O Max= 5.0000000
uis vz UL H vz Min= 0 Max= 5.0000000
*®—— U135 Min= 0.1313409 Max= 3.7999192
i0.0 10.0 10.0
8.00 g8.00 g.00
6.00 &6.00 6.00
Y] B o Y] B o Y]
4.00 4.00 4.00 = = = = - ¥ -
2.00 2.00 2.00
o o o 4 o Y] 4 o Y] 4 o

—-2.00 -2.00 -2.00

—-4.00 -4.00 -4.00

—6.00 -6.00 -6.00

—-8.00 -8.00 -8.00

-10.0 -10.0 -10.0

o 0.50 1.00 1.50 2.00 2.50 3.00 3.50 4.00 4.50 5.00
x1E-2 Sec

EEC=Text, A=Auto Scale, P=FPrint, R=Read Ualue, K-set H-range, ¥=set Y-ranges

‘]Jﬁ 1.6 HANITINAAINNINNIUTRINAT OR Gate

4. 19429 Phase-Splitting

Lio @ L1z '-14"® Lig .

31/7 n.7 2943 Phase-Splitting

1943 Phase-Splitting T n.7 Wluasasuandryayinsninasndu 2 dnyry odfila
Fn9riu 90° Taetinunann [19] ‘Emﬂm@ﬁ@uiﬂgamwﬁ’ﬂmm%”m@"mmﬁiﬂmmu LEK azléiug

N19318849993U44114317.n.8

I1 1 0 Gs=0siemen Sine Im=1 =200 Ph=0Degree ;
R1101;

L1 1 2 0.102888m IL(0)=0.0A ;
L2 0 9 0.102888m IL(0)=0.0A ;
Cl 1 9 0.102888m VC(0)=0.0V ;
C2 2 0 0.102888m VC(0)=0.0V ;

L3 2 3 0.493852m IL(0)=0.0A ;
L4 9 8 0.493852m IL(0)=0.0A ;



c3
C4

[\

\O
w

L5
L6
C5
Cé

o0 W OO W
N N

L7
L8
C7
C8
R2

[, TS RSN [N
AN L N N

0.493852m VC(0)=0.0V ;
0.493852m VC(0)=0.0V ;

2.15717m IL(0)=0.0A ;
2.15717m IL(0)=0.0A ;
2.15717m VC(0)=0.0V ;
2.15717m VC(0)=0.0V ;

17.2722m IL(0)=0.0A ;
17.2722m IL(0)=0.0A ;
17.2722m VC(0)=0.0V ;
17.2722m VC(0)=0.0V ;
1;

L9 1 10 0.0293307m IL(0)=0.0A ;

L10 0 17 0.0293307m IL(0)=0.0A ;
C9 1 17 0.0293307m VC(0)=0.0V ;
0 10 0.0293307m VC(0)=0.0V ;

C10

L1l
L12
Cl1
Cl12

L13
L14
CI13
Cl4

L15
L1i6
C15
Cl6

10
17
10
17

11
16
11
16

12
15
12
15

11 4.87647m IL(0)=0.0A ;
16 4.87647m IL(0)=0.0A ;
16 4.87647m VC(0)=0.0V ;
11 4.87647m VE(0)=0.0V :

12 1.02583m IL(0)=0.0A ;
15 1.02583m IL(0)=0.0A ;
15 1.02583m VC(0)=0.0V
12 1.02583m VC(0)=0.0V ;

13 0.234847m IL(0)=0.0A ;
14 0.234847m IL(0)=0.0A ;
14 0.234847m VC(0)=0.0V :
13 0.234847m VC(0)=0.0V ;

R3 13 14 1;
\ T Vplotl=V1l Vplot2=V(5,6) Vplot3=V(13,14) Tstop=50ms Tstep=0.1ms
MaxTRiter=50 ;

o uL Hin=-0.3326781 Max= 0.3326781
UCLE, 1885, 65UL J UC5.6>  Min=-D.3019548 Max= D.3328615
MwIE—1 wlE_1 siE—1 ™ —— UC13,14) Min=-0.3487810 Max= O.2610361

5.00 5.00 5.00

4.00 4.00 4.00

3.00 3.00 '3.00 By 20

k) W
AV
NN TR

B ol 2 S W W
\n\\” LAY

—-4.00 -4.00 -4.00

A
\

’,f’
‘—\\\_\‘\
R e Ml

- A

—-3.00 -5.00 -5.00

o i.00 2.00 3.00 4.00 5.00 .00 7.00 8.00 9.00 10.0
=x1E-2 Sec

EEC=Text, A=-Auto Scale, P=Print., R=Read Ualue, X=set H-range, Y=set Y-ranges

2171 N.8 NAN1TIIABINIINIIULB92937 Phase-Splitting

U
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StepCtrl=FIX
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5. 29A9 Triangular Wave Generator

=
nkH
100 nF 9 kO
|
R
10 kL2
+ Wh
v iy
31/71 .9 2943 Triangular Wave Generator
L 10ka 10 ke
—— 15y 15k 20ka
anL
; KQNL l—{ anL
25 ke ‘ T 8nF
Bk L anL QNL:J*" .
L oML onL  —e— ke
k0 — Y= % 3 ke
* I 200 pF
[: I OUT
anL
gap ‘—K QPL
36 ke QnL
18 k0 10ka 10ka
.
anL % 750

1989 Triangular Wave Generator 1fluasasgiaauansimasu deilsznausag Op-amp
- ~ ° o o o dl Y o Y
was nA709 lugilil n.10 Auau 2 Faunseiudslugild 0.9 Ingnistlaudeygaiudaniiudng

anstililisunsa LEK azldnanisaiaasasasuanalugili nit1

V0 17 0 Rs=0 DC 15V
V1023 Rs=0DC 15V
RO 39 32 3Kohm

R1 17 38 10Kohm

R2 38 35 1.5Kohm

R3 46 30 1Kohm

R4 17 41 20Kohm

R5 17 36 10Kohm

R6 37 27 25Kohm



R7 37 45 25Kohm
R8 42 29 18Kohm
R9 44 0 1IKohm
R10 43 23 2.4Kohm
R11 3329 3.6Kohm
R12 30 2 30Kohm
R13 40 23 750hm
R14 34 40 10Kohm
R15 31 32 3Kohm
R16 29 30 10Kohm
R17 20 12 3Kohm
R18 17 19 10Kohm
R19 19 15 1.5Kohm
R20 26 10 1IKohm
R21 17 22 20Kohm
R22 17 16 10Kohm
R23 18 8 25Kohm
R24 18 6 25Kohm
R25 24 9 18Kohm
R26 25 23 2.4Kohm
R27 13 9 3.6Kohm
R28 10 4 30Kohm
R29 21 23 750hm
R30 14 21 10Kohm
R31 11 12 3Kohm
R32 9 10 10Kohm
R332 5 10Kohm
R34 5 4 28Kohm
R354 1 14Kohm
R36 3 0 1IKohm

C0 34 2 200pF VC(0)=0V
C1 35 27 5nF VC(0)=0V
C2 14 4 200pF VC(0)=0V
C3 15 8 5nF VC(0)=0V
C4 12 100nF VC(0)=0V

Q0 38 39 33 #Qnpn VBC=0 VBE=0
Q1 17 38 46 #Qnpn VBC=0 VBE=0
Q2 17 41 2 #Qnpn VBC=0 VBE=0
Q3 36 45 31 #Qnpn VBC=0 VBE=0
Q4 36 31 33 #Qnew VBC=0 VBE=0
Q5 45 44 28 #Qnpn VBC=0 VBE=0
Q6 28 42 43 #Qnpn VBC=0 VBE=0
Q7 42 42 23 #Qnpn VBC=0 VBE=0
Q8 32 32 33 #Qnpn VBC=0 VBE=0
Q9 4134 40 #Qnpn VBC=0 VBE=0
Q10 3827 39 #Qnpn VBC=0 VBE=0
Q11 1736 37 #Qnpn VBC=0 VBE=0
Q1227 1 28 #Qnpn VBC=0 VBE=0
Q13 19 20 13 #Qnpn VBC=0 VBE=0
Q14 17 19 26 #Qnpn VBC=0 VBE=0
Q15 17 22 4 #Qnpn VBC=0 VBE=0
Q16 16 6 11 #Qnpn VBC=0 VBE=0
Q1716 11 13 #Qnew VBC=0 VBE=0
Q18 7 24 25 #Qnpn VBC=0 VBE=0
Q19 24 24 23 #Qnpn VBC=0 VBE=0
Q20 12 12 13 #Qnpn VBC=0 VBE=0
Q21 22 14 21 #Qnpn VBC=0 VBE=0
Q22 19 8 20 #Qnpn VBC=0 VBE=0

70
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Q23 17 16 18 #Qnpn VBC=0 VBE=0
Q24 8 3 7 #Qnpn VBC=0 VBE=0
Q25 6 5 7 #Qnpn VBC=0 VBE=0

Q26 23 41 2 #Qpnp VBC=0 VBE=0
Q27 34 33 30 #Qpnp VBC=0 VBE=0
Q28 23 22 4 #Qpnp VBC=0 VBE=0
Q29 14 13 10 #Qpnp VBC=0 VBE=0

#Qnpn Q NPN EXP BF=80 BR=960m Cbe=3pF Cbc=2pF Is=1e-16AVA=50V

#Qnew Q NPN EXP BF=80 BR=960m Cbe=3pF Cbc=2pF Is=1e-16AVA=50V

#Qpnp Q PNP EXP BF=10 BR=960m Cbe=6pF Cbc=4pF Is=le-16AVA=50V

\' T Vplotl=V2 Vplot2=V4 Vplot3= Tstop=10ms Tstep=0.1ms StepCtrl=FIX MaxTRiter=50 ;

o uz Min=—14.0218954 Max= 14.0483705
va vz X va Min==14,0370373 Max= 14.0235593
®x1E1  x1E1
1.50 1.50

w
1.20 1.20 ) ] { 3
0.90 0.90 AN /]

JJ"\ AN

A A X

-0.60 -0.60

-0.90 -0.9%0

—-1i.20 -1.20

E=== \ T

o 0.5 1i.50 2.25 3.00 2.75 4.50 5.25 6.00 &.75 7.50
x1E-3 Sec

-1.50 -1.50

E3C=Text, P=Print, R=Read walue, H=set H-range, Y=set Y-ranges

317 N.11 HANIFANABINIINNIUAAINAT Triangular Wave Generator

6. 2429 RC Ladder
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1943 RC Ladder NMinumazasil 6 2927 Inedatuudulungas (n) 1w 3, 5, 10, 30, 50

(n

waz 100 Un gasasuandsgiin n.12 deyanilewlillsunsuariauinuegiudiuoululuos

:// o dl % = 1 v dl
AT UATNANITANADI9ATN IAaziigLandnelugi n.13

I 1 0 Gs=0Osiemen Sine Im=1 f=50 Ph=0Degree
R1 10 10k;

Cl 1 2 1E-6 VC(0)=0;

R2 2 0 10k;

C2 2 3 1E-6 VC(0)=0;

R3 3 0 10k;

C3 3 4 1E-6 VC(0)=0;

[ -1] [n-1] 0 10k;
[ -1] [n-1] [n] 1E-6 VC(0)=0 ;
Rl [n] 0 100;
\ T Vplotl=V1 Vplot2=V2 Vplot3=V[n] Tstop=Ils Tstep=1mS StepCtrl=FIX MaxTRiter=15 ;

0 w Ming el R s - 4323-5650000

vio vz UL H— —2914.2061669 Max= 3140.4725275
Ay B — uio Mine-4.5901551 Max= 3.2486599

3.25 3.14 4.53

2.46 2.53 2.55 ’\ / r/\

(i)

P

kg WE
(

-1.435 -0.49 -1.34 \

I et i i s
v Tho s PN
A A W

B I 7 7

o 0.50-1.00 1.50 2.00 2.50- 3.00 3.50 4.00 4.50 5.00

—

1.68 1.93 2.57

AN
}

a2 |
T

Bt
e T

_JHJ~FMH

o
] ) a2
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ﬁr—ﬂ“
g |
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\
/
|
!
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Machine Code Generating to Speed-up the circuit simulation

Noppadol Chitcharus and Ekachai Leelarasmee
Chulalongkorn University, Electrical Engineering Department
Phya-Thai Road, Patumwan, Bangkok 10330 Thailand.

Phone: (662)218-6488, E-mail address: b0355521@student.chula.ac.th

Abstract

Machine code generating is a technique that generates
a sequence of machine codes for solving a special circuit
equation. The equation solving operations differ for
various circuits due to their different sparse matrix
structure. Hence, the machine codes must be generated in
the run-time preprocessing. The machine codes will be
the shortest instructions for solving the circuit equation
without any looping or comparision and ready for
excution by CPU. This machine code generating technigue
can speed-up the circuit simulation program from I to 5
times.

L. Introduction

Most circuit simulation programs calculate values of
the circuit variables by using numerical methods and
process as presented in fig.1. The main process is in
solving a matrix circuit equation (1) formulated by the
modified nodal analysis method[1].
‘ Ax=b (1)
where 4 is an n x n coefficient matrix, b is an n-vector of

known constants, x is an n-vector of circuit
variables, and » is the number of circuit variables.

" The equation solver spends more than 70% of the
i‘whole circuit simulation time on solving the same circuit
equation for many thousand times. Therefore if the code
generating technique[2][3] is applied in the simulation
process as presented in fig.2, the execution time can be
reduced significantly because the operation codes,
senerated in the preprocessing step, give the shortest
alculation steps and contain no looping or comparison.
The operation codes can be generated in several
formats such as the interpretive code[3].” Anyhow the
mterpretive code requires some execution time to interpret
the codes, so we decide to generate codes in a format of
machine code that CPU can operate’ immediately- for
stest matrix equation solving,.

I1. Useful benefit

The advantage of machine code-generating technique
15 in its rapid code execution because the codes have a
linear structure, contain only necessary operations to solve
the matrix equation and eliminate unnecessary operations
such as DO, IF, GOTO, or other logic statements.
Furthermore, the calculation by machine codes can use the
registers of CPU as the temporary variables during the
galeulation in each step. Hence there are less data transfer

tween CPU and external memory.

In this paper, The machine codes are generated

/—'—————-_\
\______/
Start
Simulation Component
List
cél s O
Sparse Matrix
Formulation - A
+ % Sparse Matrix
: :: L Storage
+| Sparse Matrix (A,b)
Tsag
Solver
Z Q o ey
M~
Solution
- Storage
(x)
N~ A
Y
End.

Fig.1 General process of circuit simulator.

Start
Simulation

_ | Sparse Matrix
Formulation

Component
List

Sparse Matrix

Storage

| Special Sparse
| Matrix Solver

Solution
Storage
(x)

Fig.2 The process of circuit simulation with code
generating technique.

specially for the CPU in the Pentium Processor Family.
The floating-point instructions[5], their initial letter is “F”,
can be grouped into six functional categories : Data
transfer instructions, Basic arithmetic instructions,
Comparison instructions, Transcendental instructions,
Load constant instructions and FPU control instructions.



The instructions that are used in the machine codes for
matrix equation solving are :
Data Transfer Instructions:
FLD Load Real

FSTP Store Real and Pop
Load Constants Instruction:
FLDI Load +1.0
Basic Arithmetic Instructions:
FADD / FADDP Add real
FSUBR Reverse subtract real
FMUL Multiply real
FDIVR / EDIVRP Reverse divide

The real numbers are stored in 8 bytes in memory and
the instructions that will operate with this real number will
be represented as

Fxxx  QWORD [ offset ]

This means that the real number is taken from address
[DS:offset] to [DS:offset+7] to operate with the value in
the register of CPU.

ITII. Machine Code Generating
1. Matrix equation solving by LU facterization

Many circuit simulation programs solve the matrix
circuit equation by LU factorization method[5]. By this
algorithm, The coefficient matrix 4 in Eq. (1) must be
factored into a lower triangular matrix £ and U, a upper
triangular matrix whose diagonal elements are 1, by,
Crout’s algorithm as follows-

Z lmzumk ’

m= l

oo S o

m=1
So, Eq. (1) can be rewritten as LUx = b and by defining an
auxiliary vector z = Uk, it can be calculated from

=l
z,=[b,.—2l€.fzf}/lﬁ; =12
j=1

Finally, a vector x can be calculated from

n
du §Z)
j=i+l

In actual program, only non-zero elements are stored
and coded for operations. This is'well known as spatse
matrix techniques[6].

2. Inverting [;

Because the elements on the principal diagonal in the
matrix L, i.e. [, will only be used to-divide other elements,
we can store the value of 1/ /;; in the matrix L instead of [;;.
Hence the division by /; will be changed to multiplication
by its reciprocal.

Changing from division to multiplication can reduce
the calculation time because a division instruction takes
more execution time than a multiplication instruction. On
a Pentium Processor, an FDIV instruction takes 33 clocks
but an FMUL instruction takes only 3 clocks.

b = ay i 2k(2)

17 53)

i=nmn-A,..1(5)

3. Machine code format
The format of machine codes that are generated for
calculating /;; in Eq. (2) is presented as

FLD QWORD [/;,]
FMUL QWORD [u]
FLD QWORD [/,,]
FMUL QWORD [ux]
FADDP  ST(1)

FLD QWORD [/;1;]
FMUL QWORD [uk_] k]
FADDP  ST(1)

FSUBR  QWORD [ay]

After these machine codes are executed, the result of /;
will be stored in register of CPU. If i = k then the result
will be inverted according to the inverting /; technique and
stored in the memory by these machine codes :

FLD1
FDIVRP  ST(1)
FSTP QWORD [/,]

The machine codes for solving Eq.(3),(4) and (5) will
have the same pattern as the machine codes for solving
Eq.(2) and will be stored respectively. Finally, these
machine codes must end with a RETF (Return Far)
instruction as the last code.

Solving by the machine code can be guarded against
small pivots, i.e. elements on principle diagonal of the
coefficient matrix. Any pivot may become zero while the
machine codes are solving and “division by zero error”
will occur. To avoid this error, we insert a few codes to
check if the pivot is zero before inverting /;;, as follows:

FTST
FNSTSW AX
AND AH, 40h
[ Inv_pivot
RETE
Inv_pivot : FLD1
FDIVRP ST(1)
ESTP QWORD [/;]

If a pivot is found to be zero, the program will exit
from caleulating by a RETF Instruction and will
regenerate new machine-codes by using a new coefficient
matrix structure.

4. Running the machine code

To command CPU to run the ' machine codes, the CPU
register CS:IP imust point to address of the array which
stores the machine codes by a CALL FAR instruction as
follows:

PUSH ES
PUSH DS
MOV ES, [Segment of b]

MOV DS, [Segment of A]

CALL FAR [Address of MachineCode]
POP DS

POP ES



Registers DS and ES are initialized to be the segment
of the coefficient matrix 4 and the constant vector b
respectively because data of matrix-4 and b are assumed
to be in different segments of memory. Usually, a
machine code cans only access to data in the segment DS.
Therefore when data in the vector » must be read or
written, a 26h code must be added in front of each
instruction to signify the CPU that this instruction will
access data in the ES segment.

Assigning ES as the segment of matrix b because data
in matrix b is less accessed then data in matrix A, then
spend lesser bytes to store the 26h codes in machine
codes.

IV. Mathematical comparison

According to the machine code format, there is no
looping or comparison between solving. Furthermore, this
technique can use the registers of CPU as the temporary
variables during calculating in each step. Hence there are
less data transfer between the CPU and its eXternal
memory. Table 1 shows the comparison of number of
executions for both methods.

7

Both programs simulated 11 test circuits on a Pentium
100-MHz PC. Solving time and size of memory, which
stored sparse matrix and machine codes, are measured and
tabulated in Table 2.

The 11 test circuits consist of 5 practical circuits
(Regulator, Buck Converter, OR gate, Phase-splitting and
Triangular wave generator circuit) and 6 RC-Ladders
circuits that have 3, 5, 10, 30 and 100 circuit variables
respectively. All of test circuits are showed in fig.3 to
fig.8.

Regulator 4 2. 312
Buck 7] 272] 130] 2.09] 192] 4sg
OR Gate 18] 50| 17] 294| 1,248 3398
| Phase-Splitting | 33 69 14 493| 2,142 579
Triangular wave [ ot o3, 5401 3 17 9,540 | 18,106
generator
RC3 3] 6| 4] 150 84| 2m
RC5 s| 11| 5| 2200 1s6| 402
RCI10 10| 21] o[ 233] 336] 852
RC30 30[ 81| 29] 279 1,056 2.652
RC50 S0 168 47| 357 1,776 | 4452
RC100 100 507| 98] s5.17] 3,576 8,95@

. I 2 8
Looping | —n’+n’ +2n+1 0
3 3
Floating-Point| 1 3 e 2 4
Loading :—3‘1"1 +n +§h' EJ’I +&=n
Floating-Point| 1 ; 5, 2 5
Storing 5" wH 5” no+n
. 1
Comparison 1173 + lnl $ oy n
3 2 6
Addition and 1a, 3 9 3 S
Subtraction 3 " E =
. | , 1
Multiplication| —p° +p* —= n Same
3 3
Division n Same

*n = Number of circuit variables

Table 1 Comparison of the number of executions between
normal sparse matrix:solving'method and solving
by machine code (Full matrix condition).

V. The Experimental Results

LEK[7] version 6.0S is the circuit simulator program
running under the MS-DOS operating system and uses the
modified nodal analysis and the sparse matrix techniques.
The new version, LEK 6.0M, was developed from LEK
6.0S by including the machine code generating technique.
Both programs were tested and their results were
compared to verify the efficiency of machine code
generating technique.

*1 Tick = 1/18.2 second
Table 2 The Experimental Results.

The experimental results show that machine code
generating technique can reduce the computation time
about 1 to 5 times but use memory to store machine codes
about 2 to 3 times that of memory to store sparse matrix
data. The reducing time and increasing memory usage
depend on characteristic and size of each circuit.

In case of RC-Ladder circuits, computation time of
LEK 6.0S is superlinearly dependent on the number of
circuit variables (n). But the computation time of LEK
6.0M linearly depend on n while machine codes’s size
also linearly depends.on #.

V1. Conclusions

Machine code generating technique can speed-up the
circuit simulation program more than-1 to 5 times depend
on the simulated circuit becanse machinge dodes consist of
only necessary caleulating for matrix equation solving and
can use the registers in CPU as temporary variables. But
the increasing in memory usage must be in consideration.
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srEavidanrasllsunsudu N ndaInIa AU

uAneninusilasnudaalilsunsy “dn 6.0” Inelasudunau Load Matrix Equation,
LU-Factor wag LU-Solve Tiiludunan Sparse Load Matrix Equation, Sparse LU-Factor ag

Spare LU-Solve ANNANAU Tuaaud1Atyia 3 doulignussqasily Unit SparseU wanann’u

TsunsugnuillFTugiun1uRaNn1Ane i aANdIsne Taadnt Az nsail

Unit SparseU;
Interface
Uses Common;

Const NearZero = 1E-35;
MaxIndex = 65535;
SizePerOpCode = 1;

Type ValueArrType = Array[1..30] of Float;
ValueArrP  ="ValueArrType;
IndexType = Word;
IndexArrType = Array[1..30] of IndexType;
IndexArrP = “IndexArrType;
RCArType = Array[0..30] of IndexType;
RCArrP  ="RCArrType;

Var ValueP : ValueArrP;
{ ValueP = Values in the Matrix }

SparseSize, Dimension : IndexType;
{ SparseSize = Size of Sparse matrix }
{ Dimension = Dimension of the Matrix }

NewC : IndexArrP;
{ New Ordering of column after reordering }

OpCode LU Solve : IndexArrP;
OpCode LU Solve_ Size,
OpCode_LU_Solve Length : IndexType;

Startlnst : Array[1..6] of Byte;
{ To use Opcode , you must store }
{ ValueP, SparseSize, Dimension, NewC }
{ OpCode_LU_Solve, OpCode LU _Solve_Size, OpCode LU Solve Lenght }

NewR : IndexArrP;

{ New Ordering of row after reordering }

FloatOverFlow : Boolean; { Floating Point Over Flow Check }
UseOpcode : Boolean; { Use Opcode to solve the equation }

Procedure Init_Sparse(d:IndexType);

Procedure Clear_Sparse;

Procedure Destroy Sparse;

Procedure Input_Data(V:Float; R,C:IndexType);
Function Read Data(R,C:IndexType) :Float;
Function Finish_Input_Data : Boolean;
Procedure RearrageSparse;

Procedure LU_Solve by OpCode;

Implementation
Uses Declare, LU_Unit;

type SetOfByte = Set of Byte;



SetArrType = Array[1..1] of SetOfByte;
SetArrP = "SetArrType;

var Row, Col : RCArrP;
{ Row, Col = row and col of the values in ValueP }

NextRow, NextCol, FirstRow, FirstCol, Diagonal : IndexArrP;

{ NextRow, NextCol = Point to the Next row and next col from the values in ValueP }
{ FirstRow, FirstCol = Point to the first row and the first col in Matrix }

{ Diagonal = Point to the Diagonal Value of Matrix }

n : IndexType;
{ n=Number of non-zero values }

RCnt,CCnt : IndexArrP;
{ RCnt,CCnt = Count the number of non-zero elements in each rows and columns }

SPos : SetArrP;
{ SPos = Pointer to Array of Set which store where are the non-zero }

OpCode LU Factor : IndexArrP;

{ OpCode_LU_Factor = OpCode for LU Factor }

{ (divisions by pivots ) 0, a, b -> ValueP"[a] := ValueP"[a] / ValueP~[b]; }

{ (modifications ) a, b, ¢ -> ValueP”[a] := ValueP"[a] - ValueP"[b]*ValueP"[c]; }
{ OpCode_LU_Solve =OpCode for LU_Solve }

{ (divisions by pivots ) 0, a, b ->BPA.R[a] := BP".R[a]/ ValueP"[b]; }

{ ('modifications ) a, b, c -=>BP".R[a] := BP".R[a] - ValueP*[b]*BP".R[c]; }
OpCode_LU_Factor_Size, OpCode LU Factor Length : IndexType;

{ OpCode_Size = Size of OpCode Array }

{ OpCode_Length = Length of Opcode ( Length must less then Size ) }
SparseExtentSize,

OpCodeExtentSize : Integer; { Size of addition memory for extent Opcode }
ValuePSeg, ValuePOff, { Segment and offset of Value }

BPSeg, BPOft : Word; { Segment and offset of B }

ValueP_Shift : Boolean; { Is Offset of Value 0? }

TempB : MatrixPtr;

TempB_Shift : Boolean;

Procedure Reordering; Forward,

Procedure ExtentSparse(NewSize:IndexType); Forward;
Procedure Sparse LU _Factorize; Forward,

Procedure Sparse LU Solve; Forward;

Procedure Add OpCode LU _Factor( a,b,c:IndexType ); Forward;
Procedure Add OpCode LU_Solve( a,b,c:IndexType ); Forward;

Procedure CreateSparse;
var p : Pointer;
begin

{ Sparse Part }

GetMem(ValueP, SparseSize*SizeOf(Float));

{ Set offset of Value to 8 }

If Ofs(ValueP[1]) = 0 then begin
P :=Ptr( Seg(ValueP"[1]), 8);
ValueP :=P;

Dec(SparseSize);
ValueP_Shift := True;

end Else begin
ValueP_Shift := False;

end;

GetMem(Row; (SparseSize+1)*SizeOf(IndexType));
GetMem(Col, (SparseSize+1)*SizeOf(IndexType));
GetMem(NextRow, SparseSize*SizeOf(IndexType));
GetMem(NextCol, SparseSize*SizeOf(IndexType));
GetMem(FirstRow, Dimension*SizeOf(IndexType));
GetMem(FirstCol, Dimension*SizeOf(IndexType));
GetMem(Diagonal, Dimension*SizeOf(IndexType));
GetMem(RCnt, Dimension*SizeOf(IndexType));
GetMem(CChnt, Dimension*SizeOf(IndexType));
GetMem(SPos, Dimension*SizeOf(SetOfByte));
GetMem(NewR, Dimension*SizeOf(IndexType));
GetMem(NewC, Dimension*SizeOf(IndexType));

{ Opcode Part }

UseOpcode := False;

GetMem(OpCode LU Factor, OpCode LU Factor Size*SizePerOpCode*SizeOf(IndexType));
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GetMem(OpCode LU Solve, OpCode LU Solve Size*SizePerOpCode*SizeOf(IndexType));

GetMem(TempB, (NumVarl+1)*Sizeof(Float) );
{ Set offset of TempB~[0] to 8 }
If Ofs(TempB~.R[0]) = 0 then begin
P = Ptr( Seg(TempB~.R[0]), 8);
TempB :=P;
TempB_Shift := True;
end Else begin
TempB_Shift := False;
end;

Procedure Init_Sparse(d:IndexType);
begin
ValueP := Nil;
Dimension :=d;
Case d of
1..6 : SparseExtentSize :=2;
Else
SparseExtentSize := d*d div 15;
end;
SparseSize := SparseExtentSize;
OpCodeExtentSize := 3*d*d;
OpCode LU Factor_Size := OpCodeExtentSize;
OpCode LU Solve Size := OpCodeExtentSize;
CreateSparse;
Clear_Sparse;
end; { ----------m----- Init_Sparse -----===--------- 1

Procedure Clear_Sparse;

begin
n :=0;
OpCode_LU_Factor_Length :=0;
OpCode LU Solve Length :=0;
FillChar( FirstRow”, Dimension*SizeOf(IndexType), 0 );
FillChar( FirstCol”, Dimension*SizeOf(IndexType), 0 );
FillChar( RCnt", Dimension*SizeOf(IndexType), $FF ); { -1}
FillChar( CCnt", Dimension*SizeOf(IndexType), SFF );
FillChar( SPos”, Dimension*SizeOf(SetOfByte), 0);
FillChar( NewR”, Dimension*SizeOf(IndexType), 0 );
FillChar( Diagonal”, Dimension*SizeOf(IndexType), 0);

end;

Procedure Destroy Sparse;
var P : Pointer;
begin
If Diagonal <> Nil then begin
{ Sparse Part }
If ValueP_Shift then begin
P := Ptr( Seg(ValueP"[1]), 0);

ValueP :=P;
FreeMem(ValueP, (SparseSize+1)*SizeOf(Float));
end Else

FreeMem(ValueP, SparseSize*SizeOf(Float));
FreeMem(Row, (SparseSize+1)*SizeOf(IndexType));
FreeMem(Col, (SparseSize+1)*SizeOf(IndexType));
FreeMem(NextRow, SparseSize*SizeOf(IndexType));
FreeMem(NextCol, SparseSize*SizeOf(IndexType));
FreeMem(FirstRow, Dimension*SizeOf(IndexType));
FreeMem(FirstCol, Dimension*SizeOf(IndexType));
FreeMem(Diagonal, Dimension*SizeOf(IndexType));
FreeMem(RCnt, Dimension*SizeOf(IndexType));
FreeMem(CCnt, Dimension*SizeOf(IndexType));
FreeMem(SPos, Dimension*SizeOf(SetOfByte));
FreeMem(NewR, Dimension*SizeOf(IndexType));
FreeMem(NewC, Dimension*SizeOf(IndexType));
Diagonal := Nil;
{ OpCode Part }
FreeMem(OpCode LU_Factor, OpCode LU _Factor_ Size*SizePerOpCode*SizeOf(IndexType));
FreeMem(OpCode LU_Solve, OpCode LU_Solve Size*SizePerOpCode*SizeOf(IndexType));

If TempB_Shift then begin
P := Ptr( Seg(TempB~.R[0]), 0);
TempB :=P;



end;
FreeMem(TempB, (NumVarl+1)*Sizeof(Float) );
end;

Procedure Input_Data(V:Float; R,C:IndexType);
var i : IndexType;
begin
If (R=0) or (C=0) {or
(Abs(V) < NearZero)} then Exit;

If ¢ in SPos”[r] then begin
If V =0 then Exit;
{ Found the old value }
If RCnt"[r] > CCnt"[c] then begin
{ search in column ¢ }
Row”[0] :=r; { Residue method }
i := FirstRow”[c];
While Row”[i] <>r do
i = NextRow"\[i];
end Else begin
{ search inrow r }
ColN[0] :=c;
i := FirstCol"[r];
While Col"[i] <> ¢ do
i := NextCol"[i];
end;
ValueP[i] := ValueP"[i] + V;
end Else begin

If n = SparseSize then { No Space in Sparse Matrix }

ExtentSparse(SparseSize + SparseExtentSize);

Inc(n);
ValueP"\[n] :=V;

{ NZT"[n] := NonZeroType;}
Row”[n] :=R;
Col"[n] :=C;
Inc( RCnt[r] );
Inc( CCnt*c] );
NextCol”[n] := FirstCol"[r];
FirstCol[r] :=n;
NextRow”[n] := FirstRow”[c];
FirstRow”[c] :=n;
SPos™[r] := SPos™[r] + [c];

end;

Function Read Data(R,C:IndexType) : Float;
var i : IndexType;
begin
If ¢ in SPos"\[r] then begin
{ Found }
If RCnt[r] > CCnt"[c] then begin
{ search in column ¢ }
Row”[0] :=r; { Residue method }
i = FirstRow”[c];
While Row”[i] <> r do
i := NextRow"[i];
end Else begin
{ search inrow r }
ColN[0] :=c;
i := FirstCol[r];
While Col”[i] <> ¢ do
i := NextCol"[i];
end;
Read Data := ValueP"[i];
end Else Read Data := 0;
end; { ----------mmmoemeeeo Read_Data --------------------

Procedure ExtentSparse( NewSize:IndexType );
var VP : ValueArrP;

R,C : RCArrP;

NR,NC : IndexArrP;
{ NZ:NZTypeArrP;}

p : Pointer;

VP_Shift : Boolean;
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begin
GetMem(VP, NewSize*SizeOf(Float));
{ Set offset of V to 8 }
If Ofs(VPA[1]) = 0 then begin
P :=Ptr( Seg(VP"[1]), 8);

VP :=P;

Dec(NewSize);

VP_Shift := True;
end Else begin

VP_Shift := False;
end;

Move( ValueP”, VP*, SparseSize*SizeOf(Float) );
If ValueP_Shift then begin

P = Ptr( Seg(ValueP*[1]), 0);

ValueP =P,

FreeMem(ValueP, (SparseSize+1)*SizeOf(Float));
end Else

FreeMem(ValueP, SparseSize*SizeOf(Float));
ValueP := VP;
ValueP_Shift ;= VP_Shift;

GetMem(R, (NewSize+1)*SizeOf(IndexType));

Move( Row”, R", (SparseSize+1)*SizeOf(IndexType) );
FreeMem(Row, (SparseSize+1)*SizeOf(IndexType));
Row :=R;

GetMem(C, (NewSize+1)*SizeOf(IndexType));
Move( Col”*, C*, (SparseSize+1)*SizeOf(IndexType) );
FreeMem(Col, (SparseSize+1)*SizeOf(IndexType));
Col :=C;

GetMem(NR, NewSize*SizeOf(IndexType));

Move( NextRow”, NR”, SparseSize*SizeOf(IndexType) );
FreeMem(NextRow, SparseSize*SizeOf(IndexType));
NextRow := NR;

GetMem(NC, NewSize*SizeOf(IndexType));

Move( NextCol”, NC*, SparseSize*SizeOf(IndexType) );
FreeMem(NextCol, SparseSize*SizeOf(IndexType));
NextCol :=NC;

SparseSize := NewSize;
end; { -----m-mmmmeneen Extent_sparse -------------- ¥

Function Finish_Input Data : Boolean;
{ Return True = Solve completely }
{ False = Pivot = 0 while solve by opcode }
begin
If Not UseOpCode then begin
Opcode LU_Solve Length := 0;
Row”[0] := Dimension+1;
Col*[0] := Dimension+1;

{ Solve Matrix & Build OpCode }
Reordering;

Singular := False;
FloatOverFlow := False;

Sparse_LU Factorize;
If Not(Singular or FloatOverFlow) then
Sparse LU Solve;

UseOpCode := True;
end Else begin
LU Solve by Opcode;
end;
Finish_Input_Data := UseOpcode;
end; { --------m--m-mmee- Finish_Input Data ------------=---- }

Procedure Reordering;
var NewFill : IndexArrP;
NewFCnt : IndexType;

Procedure Markowitz;
var iMin, a,



i,j, r : IndexType;
MinV, V : Integer;

begin
For a := 1 to Dimension-1 do begin
MinV = MaxlInt;
{ Find Min Value }
Forr := 1 to Dimension do
If NewR”[r] = 0 then begin
i := FirstCol"[r];
While i <> 0 do begin
If NewC*[ Col™[i] ] = 0 then begin
V :=RCnt[r] * CCnt"[ Col"[i] ];
If (V<MinV) or
(V =MinV)and(RCnt"[r]<RCnt"[Row”[iMin]]) or
(V =MinV)and(RCnt"[r]=RCnt"[Row"[iMin]])and(Abs(ValueP"[i])>Abs(ValueP"[iMin]))
then If Abs(ValueP”[i])>NearZero then begin

iMin =1,
MinV =V,
end;
end;
i := NextCol"[i];
end;
end;

{end of forr }

NewR”"[ Row”[iMin] ] := a;
NewC"[ Col*[iMin] ] :=a;

{ Store the column of non-zero in Row”[iMin] into NewFill }
NewFCnt := 0;
i := FirstCol"[ Row"[iMin] ];
While i <> 0 do begin
If NewC*[ Col"[i] ] = 0 then begin
Inc( NewFCnt );
NewFill"[ NewFCnt ] := Col[i];
Dec( CCnt[ Col”[i] ] );
end;
i := NextCol"[i];
end;

{ Check new fill-ins }
i := FirstRow”[ Col"[iMin] ];
While i <> 0 do begin
If NewR”[ Row”[i] ] = 0 then begin
For j := 1 to NewFCnt do begin
r:=n; {userastemp var |
Input_Data( 0, Row”[i], NewFill"[j] );
If r <nthen { If there is a new fill-ins }
{} Add_OpCode LU Factor(8,n,0); { ValueP*[n]:=0}
end;
Dec( RCot"[ Row"[i] ] );
end;
i := NextRow"[i];
end;
end; { fora}
end;

Procedure ChangeRowCol;

var i,r : IndexType;

begin
i=1;
While NewRA[i] <> 0 do Inc(i);
NewR/[i] := Dimension;

i=1;
While NewC"[i] <> 0 do Inc(i);
NewC"[i] := Dimension;

Forr := 1 to Dimension do begin
i := FirstCol"[r];
While i <> 0 do begin
Row"[i] := NewR"[r];
Col[i] :== NewC"[ Col”[i] ];
i := NextCol"[i];
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end;

{ Use FirstRow as the Temp Array }

FirstRow”[ NewR"[r] ] := FirstCol"[r];
end;

For r := 1 to Dimension do
FirstCol”[r] := FirstRow”[r];

end;

{ Main of Reordering }

begin
FillChar( NewC”, Dimension*SizeOf(IndexType), 0 );
GetMem( NewFill, Dimension*SizeOf(IndexType) );
ValuePOff := Ofs( ValueP"[1] );

Markowitz;

ChangeRowCol,;

RearrageSparse;

FreeMem( NewFill, Dimension*SizeOf(IndexType) );
end; {--------m-m-mmmmeem Reordering ----------=--------—- }

Procedure RearrageSparse;
var A : IndexArrP;
1 : IndexType;

Procedure LinkCol;
var ¢, i : Integer;
begin
FillChar( A”, Dimension*SizeOf(IndexType), 0 );
i := FirstCol"[r];
While i <> 0 do begin
¢ := Col[i];
{} Inc(RCnt"[r]);
{} Inc( CCntc]);
{}  SPos™[r] := SPos"[r] + [c];

AN[c] =1;
i := NextCol"[i];
end;

{ Link Column in Row "R" }
FirstCol”[r] :=0;
For ¢ := Dimension DownTo 1 do
If A*[c] <> 0 then begin
NextCol"[ AM[c] ] := FirstCol[r];
FirstCol*[r] := A*c];
NextRow”[ A”[c] ] := FirstRow”[c];
FirstRow”\[c] := A"[c];
end;
Diagonal”[r] := Ar];
end;

{ Main of RearrageSparse }
begin

GetMem( A , Dimension*SizeOf(IndexType) );

FillChar( FirstRow”, Dimension*SizeOf(IndexType), 0 );
{} FillChar( RCnt", Dimension*SizeOf(IndexType), $FF );
{} FillChar( CCnt", Dimension*SizeOf(IndexType), $FF );
{} FillChar( SPos”, Dimension*SizeOf(SetOfByte), 0 );

For r := Dimension Downto 1 do

LinkCol;
FreeMem( A, Dimension*SizeOf(IndexType) );
end; {--------m-mz=mmm- RearrageSparse ------------------ }
e LU_Factorize Part ----------------e-oeemo-

Procedure Sparse LU_Factorize;
var FirstMul : Boolean;

Function Cal_Sigma(i,r,c,a:IndexType) : Double;
var k,m : IndexType;
Sigma : Double;

begin
k := FirstRow”[c]; m := FirstCol"[r];
Sigma := 0;

FirstMul := True;
While (Row”\[k]<a) and (Col"[m]<a) do begin
If Row”[k] = Col"[m] then begin



Sigma := Sigma + ValueP"[k]*ValueP"[m];

{} Add_OpCode LU Factor( l,.k,m); {st=k*m }
If Not FirstMul then

{} Add OpCode LU Factor( 3,0,0); { st=st+st(1) }
FirstMul := False;

k := NextRow"[k];
m := NextCol"[m];
end Else begin
While Row”[k] > Col*[m] do
m := NextCol"[m];
If Col"[m] >= a then begin
Cal_Sigma := Sigma;
Exit;
end;
While Row”[k] < Col*[m] do
k := NextRow”[k];
end;
end;
If Abs(Sigma) > MaxFloat then begin
FloatOverFlow := True;
Exit;
end;
Cal_Sigma := Sigma;
end; { st= Sigma value }

var i,a : IndexType;
begin
If (Abs(ValueP”[ Diagonal”[1] ]) < NearZero)
or (n<Dimension) then begin
Singular := True;
Exit;
end;

ValuePOff := Ofs( ValueP"[1] );

{}Add_OpCode LU _Factor( 5,Diagonal*[1],0 ); { st =D[1] }
{}Add_OpCode_ LU_Factor( 6,0,0 ); {st =1/st}
{}Add_OpCode LU_Factor( 7,Diagonal*[1],0); { D[1]=st }

{Cal Uin 1st Row }
i := NextCol"[ Diagonal”[1] ];
While i <> 0 do begin
ValueP[i] := ValueP"[i]/ValueP"[ Diagonal”[1] |;
{} Add_OpCode LU_Factor( 1,i,Diagonal”’[1]); { st=1*D[1] }
{} Add_OpCode LU_Factor( 7.i,0 ); {1 =st}
i := NextCol"[i];
end;
{ and Cal in other row }
For a := 2 to Dimension do begin
i := Diagonal”[a];
{CalL}
While i <> 0 do begin
ValueP"[i] := ValueP/[i] - Cal Sigma(i, Row’[i], a,a ); { st= Sigma of Multipulations }
If Not FirstMul then begin { There is some multiplication }
{} Add OpCode LU Factor(4,i,0); {st=i-st}
If i = Diagonal”[a] then
{} Add_OpCode_ LU _Factor( 6,0,0.); { st=1/st }
{} Add_OpCode LU Factor(7,i,0); {i =st}
end Else
If i = Diagonal”[a] then begin
{} Add OpCode LU Factor(5,i,0); {st=1}
{} Add _OpCode LU_Factor( 6,0,0 ); { st=1/st }
{} Add_OpCode LU Factor( 7,i,0 ); {1 =st}
end;
i:= NextRow"\[i];
end;
If (Diagonal”[a] = 0) or
(Abs(ValueP"[ Diagonal”[a] ]) < NearZero) then begin
Singular := True;
Exit;
end;
If FloatOverFlow then Exit;

{CalU}
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i := NextCol”[ Diagonal™[a] ];
While i <> 0 do begin

ValueP"[i] := (ValueP"[i] - Cal_Sigma(i, a, Col"[i], a ))/ValueP"[ Diagonal*[a] ];

If Not FirstMul then begin { There is some multiplication }

{} Add OpCode LU Factor( 4,i,0); {st=i-st}
{} Add OpCode_ LU Factor( 2,i,Diagonal*[a] ); {1 = D[a]*st }
end Else begin
{} Add_OpCode LU_Factor( 1,i,Diagonal*[a] ); { st=1*D[a] }
{} Add_OpCode LU_Factor( 7,i,0); {1=st}
end;
i:= NextCol"[i];
end;
If FloatOverFlow then Exit;
end;
end; {-----------------——- LU_Factorize Part -------------=----=----- }
{rmmm LU _Solve Part --------==-=nmrmemmeeo }

Procedure Sparse LU Solve;
var OIdR : IndexArrP;
FirstMul : Boolean;

Procedure Forward_substistution;
var r,m : IndexType;
V :Double;
begin
For r := 1 to Dimension do begin
m := FirstCol"[r];
V=0
FirstMul := True;
While Col*[m] <r do begin
V :=V +BP*R[ Col"[m] ]*ValueP"[m];
{} Add_OpCode LU _Solve( 1, OldR*[Col"[m]], m ); { st=B[C[m]]*m }
If Not FirstMul then
{} Add_OpCode_LU_Solve( 3,0, 0); { st=st+st(1) }
FirstMul := False;
m := NextCol"[m];
end;

If Not FirstMul then begin { There is some multiplication }
V :=BP R[r]-V;
{} Add OpCode LU Solve( 4, OldR*[r], 0); { st=BJ[r]-st }
BP~.R[r] := V/ValueP"[ Diagonal”[r] ];
{} Add_OpCode LU _Solve( 2, OldR"[r], Diagonal”[r] ); { B[r] = D[r]*st }
end Else begin
BP”.R[r] := BP*R[r]/ValueP”[ Diagonal”[r] |;
{} Add_OpCode LU _Solve( 1, OldRA[r], Diagonal”[r] ); { st=B[r]*D[r] }
{}  Add_OpCode_LU_Solve( 7, OldR"[r], 0 ); {B[r] =st}
end;
end;
end;

Procedure Back_substistution;
var r,m : IndexType;
V : Double;
begin
For r := Dimension downto 1 do begin
{ If Diagonal”[r] <> 0 then ;}
V=0
FirstMul := True;
m := NextCol"[ Diagonal’[r] ];
While Col*[m] < Dimension+1 do begin
V :=V + BP~A.R[ Col"[m] ]*ValueP"[m];
{} Add_OpCode LU_Solve( 1, OldR"Col"[m]], m); { st=B[C[m]]*m }
If Not FirstMul then
{} Add OpCode LU Solve(3,0,0); { st=st+st(1) }
FirstMul := False;
m := NextCol"[m];
end;

If Not FirstMul then begin
V :=BP R[r]-V;
{} Add_OpCode_LU_Solve( 4, OldR"[r], 0); { st=DB[r] - st }

BPAR[r] =V,
{} Add_OpCode_LU_Solve( 7, OldR"[r], 0); { B[r] =st}
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end;
end;

{} Add OpCode LU Solve(9,0,0); { RETF}
end;

var TempB,TB : MatrixPtr ;
SizeofNum:byte;
NumVarlSize:Integer;
r,c : IndexType;
P : Pointer;
BP_Shift : Boolean;

procedure ClearMem;
begin
FreeMem( OIdR, Dimension*SizeOf(IndexType) );
If BP_Shift then begin
P := Ptr( Seg(BP".R[0]), 0);

BP :=P;
end;
FreeMem( BP, NumVarlSize );
end;

{ Main of Sparse_LU_Solve }
begin
Row”[0] := Dimension+1;
ColM[0] := Dimension+1;
GetMem( OldR, Dimension*SizeOf(IndexType) );
For r := 1 to Dimension do
OIdR"[ NewRM[1] ] :=T;

{ Swap B ordering by NewR }
if OpMode=ACsim then SizeofNum:=SizeOf(Complex)
else SizeofNum:=SizeOf(Float);
NumVarlSize:=(NumVarl+1)*SizeofNum;
GetMem(TempB,NumVarlSize);
{ Set offset of TempB~[0] to 8 }
If Ofs(TempB~.R[0]) = 0 then begin
P = Ptr( Seg(TempB~.R[0]), 8);
TempB :=P;
BP_Shift := True;
end Else begin
BP_Shift := False;
end;
Forr := 1 to Dimension do
TempB”.R[ NewR"[r] ] := BPA.R[r];

TB = BP;
BP := TempB;
TempB :=TB;

ValuePOff := Ofs( ValueP"[1] );
BPOff := Ofs( BPA.R[0] );

forward_substistution;

If FloatOverFlow then begin
ClearMem;
Exit;

end;

back_substistution;

If FloatOverFlow then begin
ClearMem,;
Exit;

end;

{ Swap B ordering by NewC }
For ¢ := 1 to Dimension do
TempB”.R[ ¢ ] := BPA.R[ NewC"[c] ];

{ Change value in NewC by use NewR like TempArray }
For ¢ := 1 to Dimension do
NewR"[ ¢ ] := OldR*[ NewC"[c] ];

ClearMem;
BP := TempB;
BP~.R[0] := 0.0,



OIdR := NewC;
NewC := NewR;
NewR = OIdR;

(* 16/11/42 *)
{ Store the inverse value of diagonal A in the head of ValueP }
{ For Matrix cache only }
For ¢ := 1 to Dimension do
ValueP”[ Diagonal*[c] ] := 1/ValueP”[ Diagonal”[c] ];
end; {--------m-mmmmmemn Sparse_LU_Solve Part ----------=--e-mneen- }

{ OpCode Part }
Procedure ExtentOpCode( Var OpCode:IndexArrP;
Var OpCodeSize:IndexType;
NewSize:IndexType );
var TempOpCode : IndexArrP;
begin
GetMem(TempOpCode, NewSize*SizePerOpCode*SizeOf(IndexType));
Move( OpCode”, TempOpCode”, OpCodeSize*SizePerOpCode*SizeOf(IndexType) );
FreeMem(OpCode, OpCodeSize*SizePerOpCode*SizeOf(IndexType));
OpCode := TempOpCode;
OpCodeSize := NewSize;
end;

Procedure Add_OpCode LU _Factor( a,b,c:IndexType );
begin
(*#*** Machine Code *****)
b := (b-1)*SizeOf(Float) + ValuePOff;
¢ := (c-1)*SizeOf(Float) + ValuePOft;
Case a of
1 : begin { st := ValueP"[b]*ValueP"[c] }
If OpCode LU_Solve Length+4 > OpCode LU Solve Size then
ExtentOpCode( OpCode_LU_Solve, OpCode LU_Solve Size, OpCode LU_Solve Size+OpCodeExtentSize );
{FLD QWORD ValueP"[b] }
OpCode LU Solve’[OpCode LU Solve Length+1] :=$06DD;
OpCode_LU_Solve*OpCode LU Solve Length+2]:=b;
{ FMUL QWORD ValueP"[c] }
OpCode LU Solve’[OpCode LU _Solve Length+3]:=$0EDC;
OpCode LU Solve’[OpCode LU Solve Length+4]:=c;

Inc(OpCode LU Solve Length,4);
end;
2 : begin { ValueP"[b] := st*ValueP"[c] }
If OpCode LU Solve Length+4 > OpCode LU Solve Size then
ExtentOpCode( OpCode LU Solve, OpCode LU Solve Size, OpCode LU Solve Size+OpCodeExtentSize );
{FMUL QWORD ValueP”[¢c] }
OpCode LU Solve’[OpCode LU Solve Length+1] :=$0EDC;
OpCode_LU_Solve"[OpCode LU _Solve Length+2] :=c;
{ FSTP  QWORD ValueP"[b] }
OpCode LU Solve’[OpCode LU Solve Length+3]:=$1EDD;
OpCode LU Solve*OpCode LU Solve Length+4] :=b;

Inc(OpCode LU_Solve Length,4);
end;
3 : begin { st :=st+st(1) }
If OpCode_LU_Solve Length+1 > OpCode LU Solve.Size then
ExtentOpCode( OpCode LU_Solve, OpCode. LU._ Solve._ Size, OpCode_LU_ Solve_Size+OpCodeExtentSize );
{ FADDP. ST(1) }
OpCode LU _Solve"[OpCode LU Solve Length+1]:=$CI1DE;

Inc(OpCode_LU_Solve Length,1);
end;
4 : begin { st := ValueP"[b] - st }
If OpCode LU Solve Length+2 > OpCode LU Solve Size then
ExtentOpCode( OpCode LU Solve, OpCode LU Solve Size, OpCode LU Solve Size+OpCodeExtentSize );
{ FSUBR QWORD ValueP"[b] }
OpCode LU Solve’[OpCode LU Solve Length+1]:=$2EDC;
OpCode LU Solve*OpCode LU Solve Length+2]:=b;

Inc(OpCode LU_Solve Length,2);
end;
5 :begin { ST = ValueP"[b] }
If OpCode LU _Solve Length+2 > OpCode LU Solve Size then
ExtentOpCode( OpCode LU_Solve, OpCode LU Solve Size, OpCode LU Solve Size+OpCodeExtentSize );
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{FLD QWORD ValueP"[b] }
OpCode LU _Solve’[OpCode LU Solve Length+1]:=$06DD;
OpCode LU Solve*OpCode LU Solve Length+2]:=b;

Inc(OpCode _LU_Solve Length,2);
end;
6 :begin {st:=1/st}
If OpCode LU Solve Length+7 > OpCode LU_Solve Size then
ExtentOpCode( OpCode LU_Solve, OpCode LU Solve Size, OpCode LU Solve Size+OpCodeExtentSize );

{FTST }

OpCode LU Solve’[OpCode LU Solve Length+1]:=$E4D9;

{ FNSTSW AX }

OpCode LU Solve’[OpCode LU_Solve Length+2] := $EODF;

{ AND AH,40h }

OpCode LU Solve"[OpCode LU Solve Length+3] := $E480;
Y LU iy > LU _Leng

{If st=0 then }

OpCode LU _SolveOpCode LU Solve Length+4] := $7440;
P _LU_ P LU _Leng

{ RETF Else }

OpCode LU Solve’[OpCode LU Solve Length+5]:=$CB01;

{FLDI1 }

OpCode LU _Solve*OpCode LU Solve Length+6] := SE8D9;
P LU P LU _Leng

{ FDIVRP ST(1) }

OpCode_LU_Solve’[OpCode LU_Solve Length+7] := $F1DE;

Inc(OpCode LU Solve Length,7);
end;
7 : begin { ValueP"[b] :=st }
If OpCode_LU_Solve Length+2 > OpCode LU Solve Size then
ExtentOpCode( OpCode_LU_Solve, OpCode LU_Solve Size, OpCode LU_Solve Size+OpCodeExtentSize );
{ FSTP QWORD ValueP[b] }
OpCode LU Solve’[OpCode LU Solve Length+1] := $1EDD;
OpCode_LU_Solve"[OpCode LU_Solve Length+2] := b;

Inc(OpCode LU_Solve Length,2);
end;
8 : begin { ValueP"[b] :=0 }
If OpCode LU_Solve Length+3 > OpCode LU Solve Size then
ExtentOpCode( OpCode LU _Solve, OpCode LU Solve Size, OpCode LU Solve Sizet+OpCodeExtentSize );
{FLDZ }
OpCode LU Solve*OpCode LU Solve Length+1]:=SEEDY;
{ FSTP QWORD ValueP?[b] }
OpCode LU Solve’[OpCode LU Solve Length+2]:=$1EDD;
OpCode LU Solve*OpCode LU Solve Length+3]:=b;

Inc(OpCode LU _Solve Length,3);

end;

9 : begin { Return Far }
If OpCode LU_Solve Length+2 > OpCode LU Solve Size then
ExtentOpCode( OpCode LU_Solve, OpCode LU Solve Size, OpCode LU Solve Size+OpCodeExtentSize );

{MOV AX,$1234 } { Mark if complete calculation }
OpCode LU Solve’[OpCode LU Solve Length+1]:= $34BS;
{RETF }
OpCode LU Solve[OpCode LU Solve Length+2] :=$CB12;
Inc(OpCode LU Solve Length,2);

end;

end; { Case a }

Procedure Add OpCode LU_Solve( a,b,c:IndexType );
var FloatSize : Word;
begin
(*#*** Machine Code *****)
{ DS store segment of ValueP”" }
{ ES store segment of BP" }
FloatSize := SizeOf(Float);
b := b*FloatSize + BPOfT;
¢ := (c-1)*FloatSize + ValuePOff;
Case a of
1 : begin { st :== BP*[b]*ValueP"[c] }
If OpCode_LU_Solve Length+5 > OpCode LU _Solve Size then
ExtentOpCode( OpCode LU_Solve, OpCode LU _Solve Size, OpCode LU_Solve Sizet+OpCodeExtentSize );
{ES:}



OpCode LU SolveOpCode LU Solve Length+1]:= $2690;
{FLD QWORD BP"[b] }

OpCode LU _Solve’[OpCode LU Solve Length+2] := $06DD;
OpCode LU Solve*OpCode LU Solve Length+3]:=b;
{FMUL QWORD ValueP"[c] }

OpCode LU Solve’[OpCode LU Solve Length+4] := $0EDC;
OpCode_LU_Solve"[OpCode LU_Solve Length+5] :=c;

Inc(OpCode_LU_Solve Length,5);
end;
2 : begin { BP[b] := st*ValueP"[c] }
If OpCode LU_Solve Length+5> OpCode LU Solve Size then

ExtentOpCode( OpCode LU Solve, OpCode LU Solve Size, OpCode LU Solve Sizet+OpCodeExtentSize );
{FMUL QWORD ValueP[c] }

OpCode LU Solve’[OpCode LU_Solve Length+1] := $0EDC;
OpCode LU _Solve’[OpCode LU Solve Length+2]:=c;
{ES:}

OpCode LU SolveOpCode LU Solve Length+3] :=$2690;
{ FSTP  QWORD BP"[b] }

OpCode LU Solve’[OpCode LU Solve Length+4]:=$1EDD;
OpCode LU Solve*OpCode LU Solve Length+5]:=b;

Inc(OpCode LU_Solve Length,5);
end;
3 : begin { st :=st+st(1) }
If OpCode LU _Solve Length+1 >OpCode LU Solve Size then

ExtentOpCode( OpCode_LU_Solve, OpCode LU_Solve_Size, OpCode LU Solve Size+OpCodeExtentSize );
{ FADDP ST(1) }

OpCode LU _Solve’[OpCode LU Solve Length+1]:=$CI1DE;

Inc(OpCode_LU_Solve Length,1);
end;
4 : begin { st := BP"[b] - st }
If OpCode_LU_Solve Length+3 > OpCode LU Solve_Size then
ExtentOpCode( OpCode LU Solve, OpCode LU Solve Size, OpCode LU _Solve Size+OpCodeExtentSize );
{ES:}
OpCode_LU_Solve*[OpCode_LU_Solve_Length+1] := $2690;
{ FSUBR QWORD BP/[b] }
OpCode LU Solve’[OpCode LU _Solve Length+2]:=$2EDC;
OpCode LU Solve’[OpCode LU _Solve Length+3]:=b;

Inc(OpCode LU Solve Length,3);
end;
7 : begin { BP[b] :=st }
If OpCode LU Solve Length+3 > OpCode LU Solve Size then
ExtentOpCode( OpCode LU Solve, OpCode LU Solve Size, OpCode LU Solve Size+OpCodeExtentSize );
{ES:}
OpCode LU Solve’[OpCode LU Solve Length+1] := $2690;
{ FSTP QWORD BPA[b] }
OpCode LU Solve’[OpCode LU _Solve Length+2] := $1EDD;
OpCode_LU_Solve*OpCode LU Solve Length+3]:=b;

Inc(OpCode LU_Solve. Length,3);
end;
8 : begin { ValueP*[b] :=0 }
If OpCode LU Solve Length+3 >OpCode LU Solve Size then

ExtentOpCode( OpCode LU_Solve, OpCode LU_Solve Size, OpCode LU. Solve Size+OpCodeExtentSize );
{FLDZ }

OpCode LU Solve"[OpCode LU_Solve Length+1] := $EEDY;
{ FSTP QWORD ValueP*[b] }

OpCode LU Solve’[OpCode LU Solve Length+2] :=$1EDD;
OpCode_LU_Solve"[OpCode LU_Solve Length+3] :=b;

Inc(OpCode _LU_Solve Length,3);

end;

9 : begin { Return Far }
If OpCode LU_Solve Length+2 > OpCode LU Solve Size then
ExtentOpCode( OpCode LU Solve, OpCode LU Solve Size, OpCode LU Solve Size+OpCodeExtentSize );

{ MOV AX,$1234 } { Mark if complete calculation }
OpCode LU_Solve*[OpCode LU_Solve Length+1] := $34BS;

{ RETF }
OpCode LU Solve’[OpCode LU _Solve Length+2]:=$CB12;
Inc(OpCode_LU_Solve Length,2);

end;

end; { Casea }
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end;

Procedure LU_Factor by OpCode;
begin

Procedure LU_Solve_by OpCode;

var SizeofNum:byte;
i,c : IndexType;
InstSeg,InstOff : Word;
P : Pointer;
begin
InstSeg := Seg( OpCode LU Solve™[1]);
InstOff := Ofs( OpCode_LU_Solve”[1]);
StartInst[1] := $9A; { Call Far OpCode LU_Solve” }
StartInst[2] := Lo( InstOff );
StartInst[3] := Hi( InstOff );
StartInst[4] := Lo( InstSeg );
StartInst[5] := Hi( InstSeg );
StartInst[6] := $CB; { Return Far }

Move( BP?, TempB”, NumVarl *SizeOf(Float) );

ValuePSeg := Seg( ValueP"[1] );
BPSeg := Seg( TempB~.R[0] );

Inc( CHit );
i=0;

asm
MOV  AX,$0000
PUSH DS

PUSH ES

MOV ES,BPSeg
MOV DS, ValuePSeg

call far [StartInst]

POP ES
POP DS
MOV i,AX
end;

If i <> $1234 then begin { PIVOT is Zero }
UseOpcode := False;
Exit;

end;

{ Swap B ordering by NewC }
For ¢ := 1 to Dimension do

BPA.R[ ¢ ] := TempB”.R[ NewC"[c] ];
BPA.R[0] := 0.0;

Begin
Diagonal := Nil;
End.
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