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 ABSTRACT

In thls report a ‘newly modlﬁed Newton algorlthm (MNA) and a data'

structure for sparse matrlx mampulatlon are presented for analyzmg large-scale.

electronlc c1rcu1ts on the Cyber-205 supercomputer. The MNA. is 1mpreved

“from the Multllevel Newton Algorrthm (MLNA): dei’eiop_ed by Rabba't,..'_'-_'."'rf o

Sa_njlovannl—Vmcentelh, and';HSIeh (1979). The time eorrrplexity'and‘conver-""' '

- gence rate of MNA are anal?zed “The cemDUt‘ation steps are showh in detail'. SRR

by some example circuits. “Scalar and vectorlzed s1mulat10n programs have -

been tested run on a VAX 11/780 scalar machme and on the Cyber 205 vector". T

:‘processor at Purdue Umvers1ty., F’rom the results obtained, we obser_v.e t_ha.t
the MNA results a speedup of about 100 on the Cyber-205 as compared with
B usiug a scalar computer to .a,»naly.ze .e.n electronic circuit containing 500 identieal' -

subcircuits.



' CHAPTER1
L INTRODUCTION

Thls lntroductory chapter descrrbes the problem envrronment ‘and’ou llnes

_ 'the paper organlzatlon and research contrrbutrons Related preV1ous works are S

brleﬁy rev1ewed e

- 1 1 Crrcult Analysrs Methodologres

-Digital computers have been used w1dely in large—scale clrcult analysrs S _'
- ThlS report presents a Modzﬁed Newton Algorzthm (MNA) for circuit: analysrs. , : g
" The - supercomputer Cyber-205 is used’ for- analyzing large-scale. electromc_"-_,’ff:f";
" circuits with this new algorlthm In the tlme-domaln ‘a nonhnear lumped o

: clrcult system is characterlzed by a set of differential equatrons [l] [5]

f(u) i), t)=0 T2t>0 , (1 1)

where u(t)ERp is a vector of node voltages, or branch currents or capacltor;

charges or’ inductor fluxes, . and - 0 is the Ol‘lgm ‘in -RP; “The ‘mapping, ‘- .

f: RpxRple-—+Rp is a differential function with respect to u(t) and. u(t), On
a drgltal computer, the Backward Deﬁerentzal Formula (BDF) [16] can be used

. to dlscretlze the operator “dg— The BDF of order ki 1s deﬁned by

—h un_H Ea un+1_l ». ’ . (12)

"'0_,;‘~

'.‘where unﬂ is the computed value of (n+1) and un+1_; s the computedib

o :f'value of ( t,+1-4), for i =0, 1 - k. The time increment h = tn+l t,, and SR

- “j'j.the a;’s are selected such that Eq 1.21is exact for polynomlals of the degree<k i

‘Substltutlng Eq 1. 2 att = th lnto Eq 1 1, we obtam

. A -

f( n+l) : " n+l—-k7 n+l) ""0 0<tn+l <T (13) o

.‘Smce the k past values u,, Uy 4k are known at tlme tn.,.l, Eq 1. 3 becomes a" : Tl

- functlon of unﬂ Then Eq l 3 can be wrltten as.

n+1(un+1) =0 B ,k e (l 4)1_. -

-,Where Fn+1 RP—->Rp 1s contlnuously dlﬁerentlable and the 1ndex n+1_:‘j'..b




" indicates different ‘tilvne instants. Then a digital cdmputer can be used to solve
a nonlinear circuit by Eq.1.4 . For example, a linear capacitor is characterized
by: I |
' dv

Kel —(—AT =1 : : (Eo)
“or |
W . | . |
il | (1.8)

- Where V is the voltage across the "apamtor I is the current through it, and C
‘is the capacntance Usmg the BDF to discretize Eq.1.6, we obtain

or

| 1. |
Vn+1 C . - (17}
'1,’,”:%‘;%% ";‘%V* R ( )

Usmg Eq.1.8, at time t,.;, the capacitor is equivalent to a reSIStor and a
“current source, called an associated discrete circuit [5]. -Figure 1.1 shows this
equivalence for a linear capacitor at time t,;;. After such an equivalence,
there will be no time dependent elements in the circuit. Only linear resistors,
nonlinear vresiStOrs independent ahd controlled sources appear. Then the
~circuit can be solved by the Newton Raph.son Algom'thm at time
by for 0<tn+1<T EREIA T .

’ There are several algorlthms for solvmg the nonlinear equatlon defined in
Eq.1.4, such as Smgle Level Newton Algorithm (SLNA) and Multilevel Newton
- Algorithm (MLNA). This report presents a newly modified Newton algorithm

to analyze large-scale circuits and studies the speedup from code vectorization.

1.2 Circuit Analysis On A Supercomputer
‘;Circvuit analysis requires to solve the linear system of equations: »
Ax=b o 19)
When .the’ size of a circuit is large, the matrix A becomes very large and very
sparse. ‘Since ‘the additions and’ ‘multiplications with the zero operands are
redundant, avmdmg them may galn speedup and save memory space. There
exist " several techniques for sparse matnx manlpulatlon, such as using a row-

coiumn pointer structure and. bit matrix mask structure as described in 2
For the row-column pointer method, the nonzero elements of A are stored
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Figure 1.1 A linear capacitor and equivalent circuit



rowwise in increasing order We denote this vector as NZ . This vector has
length m, where '

m = pn? (1.10)

The parameter n indicates the dimension of the matrix A, and p is the
percentage of nonzero elements in A. This method needs to use two extra
integer arrays to locate the nonzero elements. One srray, called the row
identifier array TUR, has length n and contains the location of the first nonzero
element of each rows of A. Another array, called the column identifier array
IUL, has length m and contains the corresponding column numbers. Adding or
multiplying the nonzero elements need to access NZ, TUR and IUL for locating
the nonzero elements in A. These operations need extra CPU time beyond the
regular addition or multiplication times. This method is used only when A is
small.

The second method uses a bit mask matrix B to replace the vectors TUR
and IUL to locate the nonzero elements. The matrix B has the same dimension
‘as A. Each entry in B has only one bit, with 2 value 1 for a nonzero element
in the corresponding position of A, and a value 0 for a zero element. For 3
bompuﬁ:’er which has the capability of bit proéessing like Cyber-205, memory
space can be saved when this technique is used. However, to locate a nonzero
element requires to count the number of 1's in B from the beginning. When
the ‘dimension of B is very iarge the countmg may become very time
consum‘ng

, The thlrd method uses the same bit mask matrix B as in the second
meihod An integer array R is used to 1ndicate the first nonzero element in
each row of A. For example, (1}-—3 means that NZ( } is the first nonzero
element in the ith row of A. Although this method needs a little extra
memory to store the vector R, 'only one row of 1’s in B needs to be counted at
one time. So it can reduce the addressing time from O(n?) to O(n).

‘The supeycomputer Cyber-205 at Purdue Umver51ty has two vector
arithmetic pipelines and a bit masking pipeline. It has a complete set of
instructions for bit processing. Therefore the Cyber-205 is very suitable to
:unpiemen% the modified-bit-matrix method for mampulatmg very large and
sparse matrlces ,

1. 3 OPganﬁzatmﬂ And C@mtrabutmns

A new algorithm, MNA is proposed in this paper which is developed from :
the SLNA and MLNA. The SLNA and MLNA haye some problems when used



for solvnng a very large scale c1rcu1t The MNA 1S developed to overcome these .
problems. A given circuit is part1t10ned into a main c1rcu1t and many'
subcircuits i in our approach These subcrrcmts are treated as a vector and are
solved by a plpehne supercompute efﬁaently The nonhnear equatlons are not
used here And we do not have to solve the Jacoblan matnces as in MLNA

_ Solvmg a large-scale 01rcu1t partltroned mto l levels demands l levels of
Newton loop in MLNA ( one main loop and -1 mner loop ) So the number of -
‘ 1terat10ns in ML NA increase as an exponentlal functlon of the number of levels

~ There is. no inner loop. in MNA. ‘The number of 1terat10ns in MNA is.a -
constant. The MNA has quadratlc convergence in most. cases, whlch 1S, faster
than the ”Pairwise quadratlc convergence” in the MLNA Us1ng the MNA to
; perform circuit 51mulatlon experiments on Cyber-205, 51gn1ﬁcant CPU tlme can .
be saved. : ' : |

Chapter 2 explains the MNA and compares it with the SLNA and MLNA

in their relative merits. Mathematical proofs of MNA are given there. In
Chapter 3, two examples are used to illustrate the computational steps in the

MNA. The complexrty and convergence of MNA are then analyed _Chapter 4 -~

. shows sparse matrix techmques for solving large matrices on supercomputer,
_and illustrates how to vectorize the MNA . The scalar version of programs are
also explained. In Chapter 5, the Cyber-205 is used to solve large—scale circuit
examples by various program versions. The scalar computer VAX 11/780 is
used as a reference machine to solve the same problems., The results are
~presented based on simulation experiments. The speedup of each computation
step is shown by some curves. Conclusions and suggestions are given in
Chapter 6. The input data sets, numerical results from the simulations and
three versions of circuit simulation programs are attached in the Appendices.



| ' cHAPTERz REGEy
THE MODIFIED NEWTON ALGORITHM S

Thls chapter revrews the Smgle—Level and Multrlevel Newton Algorrthms -
and: presents the new algorlthm MNA for large—scale circuit SImulatlon on a
o vector processmg supercomputer o _ R i T

'.2 1 Smgle Level And Multrlevel Newton Algorlthms

- The Smgle Level Newton Algorzthm (SLNA) has been used to analyse the s

' c1rcu1ts widely.. Smce ‘the complexrty of solving a- circuit- characterlzed by.an
- nxn matrix is O( ). 1t w111 require many hours to solve a large system with

: more” than several thousand unknowns Moreover, the main memory I_n most of i _'
today’s computer does not have. enough ‘space to hold the entire data base.

The tearing techniques are used to overcome these problems [17]. In the SLNA,

~a set of mnonlinear equatlons F(X) = 0 1s used to characterlze a nonllnear et

’_‘cu'cult In the J-th Newton 1teratlon ‘we have . RS
SE v f | x1+1 ""Q' F(x) ( ) LT
L ~_'=va ~

B 01' .

1. _-dx'. i
>Where x’ is an unknown vector in the Jth Itcratlon the —(l%Bl
" ,Jacoblan matrlx of F( ), and » R R

In general a large-scale dlgltal clrcult or memory array may have manyﬂ'
repeated subcircuits with the same structure ‘as shown in Fig.2.1a. Assume all -

lS the_ s

subcircuits are only connected to the main circuit, and no connections each R
. other, the matrlx in Eq. 2.1 will have a block- dlagonal form as’in Flg 21b. In ¢
" the tearmg technlque this matrix is partItIoned into one main matrix and some SRR
- :submatrlces that can be solved separately There are ﬁve steps in each Newton R

' -Iteratlon
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- Figure21 A main circuit with many identical subcircuits



1) LUdecompOSItlon of '-submatrices .

A tLaUy

bssi ssi Wssio

B o . R fl'OIn ’ Lss|R Asm1 .
¢ from | Lsslé _ b.

. ) Matrlx multlphcatlons

A‘ = R;Ti
R it IS f. _,fb,;i :Tc Y
4 :.:SOl'uiug_"the'"_ruain' mat_rijt o e

5): Back substltutlons usmg the submatnces

LSSIysxiii— tb sm'i:xm_f'-]'.”,’ e =

USSI xSl ySl

Where from step 1'to 3 are used for solving the 1-th submatrlx ASSl Assume o
‘the dlmensmn of the submatrlces is ns, the time complex1t1es in the first three’-

"steps are about %ns3 ns® and ns%. The calculating i in step 2 and 3 may take a

o long t1me when the submatrlces are large If there are N submatrlces they can

.. be solved in parallel and the total tlme complex1ty Is estlmated to be:’

"N(%nsg’ + ns3 + ns® ):t—an

sl e

-Step 4 is for solvmg the maln matrlx Let s the dlmensmn of the maln; fE i R

matrlx, then the - t1me complex1ty in  step 4 1s about %—n and the time

L»

'g:’.vcomplex1ty in. step 5 s about N-ns?. Assume the ‘number of the Newton

: iterations for this approach is p, the total tlme complex1ty for tearlng techmque
' _-SLNA will be about AR B

G Nﬁ+;ﬁVRWNw+n) rijas;,z



L _3ﬁ"'“.*mentloned above We can use - -

o :'_;'followmg equation:

| | Anoth“er approachj is called Multilevel NewtOn Avlgorit‘hmi (MNLA) ‘which -
_use a inner Newton loop to solve the subcn‘cults mstead of the step 1to3

T F(U Y, w) o 24

- ‘to formulate amaln cn'cmt and use S o ,
R ey H(UY,X) o (25),
» fto formulate the 1-th subcxrcmt S; in. the c1rcu1t The F and H are sets of
N nonlinear equatlons the U Y, U, .,Yv and X; are vectors, ‘U is the outputs
of the main circuit, Y is the 1nputs of the main circuit, w is the inner variables

S of main circuit, U; and Y, are inputs and outputs of the l-th subcn‘cult, and
o ‘_U EU Y EY X; are ‘the i inner vanables of the i-th subcircuit. |

At the .j—tl’l lteratlon of the main loop in MLNA one has to solve the |

LAl 200 ‘25’ FU, Y6 @)

U.l'— UJ+1 UJ -

‘ : L , , Aw’ wJ“v-— w’
".,’lel‘erenhatmg [5] [14] we have o e SR
e an an B

e S i e

lou, au, oy, |




| 0Y,
Y -1 o
S lay
| aU’l,

L

BF}
s ] aYy
| OF,

ey

n

| oY,

| oar,

] awl‘ :
-O0Fy

P |

R

3Y2 )

oF,

.
O,

n.

By

Fa

3Y1
Fa

oY,

oF,

-~ oF,
U Bw:

- 'ay'k |

CEIEERIY S

‘m. |

e

Slnce the nonhnear equatlons F(X) 1s known the Jacoblan matrlx [ BII;
| [ — d [———-] in Eq26 can. be obtalned dlrectly But the Jacoblan e

‘\matnx [ o } can be - obtamed only after all of the subc1rcu1ts are solved -

U LT
Fortunately the subc1rcu1ts are only connected to the main clrcmt and po e

_connections are between each other. - The internal ‘variables' in different "
o subcrrcults are. not ‘related. - Therefore the entnes m Eq2 10 satlsfy the sl

L .followmg property




b
i =tk =0

ou

'Wheli'Y'f and U are not in the‘saine-s"ubéirCuit —L becomes zero. 'So we can

g

o "‘separately calculate these nonzero entrles in | oY ] as follows

ou

L Asqume the l-th subc1rcu1t lS charactenzed by Eq.2. 5. Smce the elements, e

’ _‘.‘of VU ‘are calculated from the main- c1rcu1t in last 1teratlon the Eq2 5 can be
f.ffwrltten as ‘ o e e T _
(XY, )—() e

o Then another Newton algorlthm loop (mner loop) is needed to solve the X and» "
 Yy'In thls lnner loop we have o : : -
‘AXj
AYJ

OH 6H
X7 oY

“HX,Y)

e After thls loop we obtam the unknowns 1n the subczrcult Xl ;' Yl , Moreover ;

: "from the Eq.2. 5 we have

R ) ) & aX',‘Jr-ifaHi ay;_ Lo _O L
| S 0X 0U | 0Y OU [xexyay,

[ 3H 8H 1 8U _ oH

X 6Y -x Y=Y oY - ou (213) |

R e

Whel'e | R o e

em, em o om

| ouy euy " ey |
B I VA T

o eiient a}-{

ns f




10

| on, o,  om

| 0%y 8y, T ax, | R
X, 09X,
o em _ |
- Jem, on, =~ om, |
0X; 0Xy X, |
| an, om, - oH,
Y, 3Y2 09y,
| 6H; ~ 8H, . :
C6H |
aY1 3Y2 o 6Y’

Where ns is the dimension of the subsystem b is the number of inner: varlables '
in the subsystem, c is the number of inputs and outputs in the subsystem.
Substltutlng the results X; , Y; from the.inner loop into Eq.2. 14 ‘we obtain the

values of % which is just needed by Eq 2.9-in main loop [5] Therefore for

each iteration of main loop, it ‘needs to do a whole inner loop to solve the X;
and Y;.
Let the N n, and ns are all as defined in SLNA the tlme complexrty for

‘solving the main circuit and subcircuits are about —;-n and -3— ns_:’. Suppose a

two-level circuit demands p iterations in the main loop, and q iterations in the
inner loop. The total time complexity in MLNA is about L

(%qN~ns3 + é—nif) = *g(qN-ns3 +03) (2 14)
In  this approach the inner loop is used to solve the subcrrcurts lnstead of
solving ‘some extra matrlces and matrix multiplications, if q equals to 7,
- Eq.2.14 would be the same as Eq. 2.3. Lin has proved that, if we do not apply -
~ the latency technlque the amount of computatlon in MLNA should be close to
that in SLNA o ) ’
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2. 2 The Modrﬁed Newton Algorlthm
- The new algorithm, Modified Newton Algorithm (MNA) is proposed to

lrnprove the efficiencies of the SLNA and MLNA. This new algorithm reduces - - .

“the calculation steps and number of iterations, and preserves all the advantages

of the 'SLNA and MLNA. Sometimes, it even improve the convergency of the
HMLNA Moreover, we do not need to use all the nonlinear equations Fand H,

: and can av01d solvmg any Jacobian matrices like those in Eq 2. 6 and Eq.2.13.

~ In the SLNA , we can apply the Newton algorlthm at the element level.
v';'That is to establish a associated discreted equlvalent circuit to srmulate the

‘nonlinear circuit in the j-th jteration, and use the linear nodal equation to solve
it [6] [7). In the MNA, we use a set of independent sources and controlled
sources to simulate the subcircuits at each iteration. Then we include these
sources in the main circuit and use linear equations to solve them Flgure 2.2
shows the the ﬂowchart of the MNA.

For example conSIder N nonlinear subcircuits each w1th c+1 ports which:

are connected to a maln crrcu1t ‘The structure . of the equlvalent current -

- sources. for the subcnrcurt is as shown- in Fig.2.3. There are ¢ voltage controlled ,

o current sources GSJ,( s) whlch are. functions of the -port voltages v, and ¢
'1terat1ve lndepondent current sources J in each equ1valent subcrrcult The

superscrlpt ) means that they have the dlﬂerent values at different iterations.

~The main c1rcu1t and " these equ1valent subcircuits can be solved by the '

: Assoczated Dzscrete Eqmvalent Circuit (ADEC) method M

- Any current at any port must be a functlon of the voltages across all ports g
of a subclrcult as shown in Fig.2. 4a. Where v, is the vector of voltages across
all ports of this subcircuit, Iy is “the current ‘through the k-th port of the
v subcxrcmt When this port is consrdered as one branch of the main circuit as
shown in, F1g2 4b ‘we. can use -the nodal equatlon to solve the main circuit.
The Jk and Ek charactenze the 1ndependent sources in the main circuit, Vyis
the branch voltages in “the main circuit, Iis the branch current lll the main
V 'c1rcu1t Srnce the currents through all other dev1ces in the main clrcult are also
lthe functlons of the branch voltages So they can be characterlzed by the same
functron Gk(vs) as the subclrcults For an example if we replace a linear
o re31stor in the main c1rcu1t by the actlve devices in Flg2 4b the Jk, Ek will
-become zero and the Gk becomes only a constant o '

A Accordlng to the Nodal Equatzons Method (NEM) [6] the main crrcult wrth
S the branches in F1g 2. 4b is descnbed by: :
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Figure2.2  Plowchart of the MNA
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- Figure 2.3 Equivalent current sources in subcircuits
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AJ = Al = Ag(v) | (2.15)
Since B
Alv, =v=v,-E o (2.18)

v Equatlon 2.15 can be written as - _ ;
-  Ag(A'v, +E)-AJ =0 - (2a7)

A is the reduced inoidence matrix of the main circuit,“ g is a function of
(Ayv, + E), I is the branch current vector, J is the independent current
" sources vector, and E is the independent voltage sources vector.

1= 1‘,,12,-'--1,,]‘

J : ‘]1.5 J2 y J“ ]t

E = E’l,E‘;,---En]‘

Where the n is the. number of the nodes in the main circuit, v, is the vector
that indicates the voltages form all nodes in main circuit to the datum, v, is
~the voltage ‘vector of the subcircuit ports and the main circuit devices. Using
the Newton ‘Raphson algonthm to solve Eq.2. 17 we obtaln the equations at the
3¢ th 1teratlon ST . : : '
‘" v‘v’g‘ﬂ "—‘"v,l;,'—' [ A .‘?g(AtVn +E) &

l [Ag(A‘v-‘ + E)— AJ]

b .o o ABAY ) - AJ [2.18)

cand _ » :
At vj + B =vj

L gAtv) + E) gv) =0 . (219)

Where vJ is the voltage vector v, in the J- th 1tera.tlon and vJ is the voltages

across the subclrcults in j-th 1teratlon and U is the vector of currents through
;’the subclrcults ports in the j- th iteration. Let us define here:
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[ ogatv. +E) |
Ys,2[_3( = )L
- ov. G

The Jacobian matrlx YJ is the lncremental conductance matrlx in the Jth
iteration. That is . ‘ ‘

y (2L20) .
oo ’

~ or

o, oc,  eq ]
8y, v, T e |
0Gy, 0G| ‘
3\71 v,y
Yl = “ (221)
a6, oG, T oaG,
| 8y By, 30' “‘;,_‘__".,j
Gy here are functlons of v5. Then the Eq218 can be wrlttenas 7 |
‘ v’“—vl-[AYJAt]l[AIJ—AJ] O (ee2)
[AYJA ]vJ“—A[J I +Y1Atvl]
| —-A[J IJ+Y‘(vJ )] o @2)
" Define: ' . ) o ‘
ngli—‘ngsi T (229)
N Then the Eq 2.24 becomes o | | i |
[AYJAt]VJ+1_A[J"(IJ“YJVJ)—Y]E]
=A[(J- J)-YiE] (2.25)

| Now, let us look back to the linear clrcult If we use the.standard linear
- branch as shown in Fig.2. 5 to replace the nonlinear branch in the same circuit -
as mentioned before Then using the NEM to solve this linear circuit we have:

[AY A v, =A[T~ Y,E | (2.26)

,Where the A is the reduced incidence matrix, Y}, is the conductance matrlx v,
is the nodal voltage vector, J is the current sources vector, E is the voltage
sources vector. Here Eq.2.25 and Eq.2.26 have the similar structures. The only
differences are that the conductance matrix Y, in Eq.3.41 is being replaced by
the 1ncremental conductance matrix YJ , and the vector J is being replaced by
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: o]
Vm

Figure 2.5 A branch in a linear circuit
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- J—JJ . These mean we can use some equ1valent conversions for solvmg
nonlinear circuit per iteration. After the :conversion, all ‘subcircuits and
nonlinearity in the main circuit will be replaced by the linearized discrete
- equivalent circuit, Then the standard NEM can be used to solve the llnearlzed

circuit. : ’ ’

- The discrete equlvalent circuit for each branch is shown in F1g263
where JJ is the entry of JJ, GJ, is obtained from some entries in matrix Yi.
Because the GJ is the function of vector v,, it can not be characterized as a
SImple conductor but a current source controlled by ‘the vector v, as in -
Fig.2.6a. The circuit in Fig.2.6a can be reconstructed as in Fig.2.6b. By
comparing the Fig.2.6b with the Fig.2.4b, we can known why we use two
current sources to replace each port-of the subcircuits in MNA.

From the Eq.2.21 and Eq.2.24 we have

[oc, oG,  aq,
oy o e T T e |
[u] oo 2o 7
L] ot o o [l
S e e T 8y,
Since ' |
Vv =vy - E
o ‘;YSl’( =y + f'Ek‘
“So the entries of Y becomes ‘
0G; _ 0G; Ovy _ BG; B
_'6{’1( OV oV OV
Then we have . '
| L 8G. 8Gy 8G, SR
Gh = —% k0 ke, ey
* [ Vs1 avs'2 Vsn ] L ( )

and the Jj can be calculated by



14.a '

K e e Do ~~ Subcircuit

Ol

' Figure2.6 The equivalent circuit of a subcircuit
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- SRR = :: vs"i.flvif v |
Ifc aGk .BG‘k ’3Gk~']’,, Ve | (2 28)
Slnce the dlﬁerent subclrcults ‘have no connectlons each other the =
Vsq .

when G and- Vg are 1n dlﬂ'erent ‘subcircuits.’ Therefore the parameters 1n -
'dlﬁ'erent subc1rcu1ts can be calculated srmultaneously When there are many .

identical subcircuits i in the main crrcult we can treat them as a vector and use
a plpehned supercomputer to- process them ‘efficiently. The" ‘major dlﬂerence
between the MNA and the MLNA lies in the method of solv1ng the subcircuits.
When the values of GJ and J} i are calculated in- the MNA, it does not use the :
differential equations H;. The equlvalent circuit is used to simulating the

subcircuits.  Instead of a inner: loop in MLNA the srmple NEM is used dlrectly‘ :

for obtaining the GJ and JJ. i

- For example consrder ct1 ports subclrcult shown in Fig.2. 7a Usmg the

ADEC method, the equivalent circuit is obtained in’ Fig.2.7b . Usrng the MNA e

~ method, we obtaln the port currents in the J- th iteration’ I’ ‘The blncremental‘ .
\conductance Gl (v s) is calculated in two steps. R -

First we set -all the lndependent sources in F1g27b to be - ‘zero, The
resulting clrcult is shown in Fig.2.7c. The input voltage vf is applied to- the
‘subcircuit, and the other ports of the subcircuit are connected to datum as
-+ shown in Fig.2.8a. Solving it we can obtain the subcucult 1ncremental current
. WS
[Ill ’ Il2 ’ lc ] ‘

' Then applylng the 1nput voltage vg to the subcrrcult as shown in Flg 2. 8b we ,
" obtain another 1ncremental current I -

[151,142 g e
| After we apply the voltages from v, to v,, to the subclrcult the current |

‘vectors from I{ to IJ can be obtained accordingly.

Secondly we use these 1ncremental currents to calculate the correspondlng.
1ncremental conductance in the j-th lteratlon - '
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v‘Fig'li‘_vre 27 An _éx’a,ﬁiple' subéii‘cuit
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Figure 28 ~Circuits used for solving incr‘eIIvléI‘l}tal élll'l_‘éntévfn
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With the results of I and GS’, the 1terat1ve current sources of equlvalent clrcult :

:.J J cab be calculated by Eq.2.28. Applyrng the value of Gj and JJ in the main

circuit and using: ‘the ADEC method we then obtam the complete solutlon of
L Athe system in the j-th 1teratlon ' : S =

:.:i:2.3 Comparlsons Of Three Newton Algorlthms

In the. MNA, the glven circuit is- partltloned in to one main c1rcu1t w1th R

many subclrcults and the equlvalent current sources are calculated in each

' "”,'llteratron ‘The dlmenslon of the matrlces used will be reduced after this
i " partition, and these subcircuits can be treated as a vector and be solved in
_' ’- fparallel So the pipelined supercomputer can be used _to process these
. “vectorized equations efﬁmently The more subcnrcults in the system the hlgher
speedup can be achleved in MNA.- ' '

_ Usmg a tearmg techmque for the SLNA some extra calculatlons are
. 'needed to. solve the subcircuits. If do not consrder the sparse technlque the
' ‘tlme complexrty of each 1teratlon in SLNA is' much hlgher than that in MNA ’

:iIn MLNA for each 1teratlon of main loop, the entlre inner loop operations
o must be repeated to solve the subclrcults ‘So a large number of iterations will
" be, demanded When we solve a. l-level system the number of iterations mayb
L "1ncrease as an exponentlal functron of 1 ThlS may destroy the advantages of

- _vector processmg



- MNA has only one main loop. The number of iterations in"'the main loop o
_is a constant which does not increase with the. number of levels in the system L

In each iteration of the MNA, only one LU decomposition and back- -
substitution are needed for solving the equivalent sources for each subc1rcu1t
This leads to potential speedup advantage over a vector processor.
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CHAPTER 3
COMPUTATIONAL REQUIREMENTS

Two examples are used to illustrate computational steps in the MNA. We
start with a multiple-port subcircuit which shows how to éompute the
equivalent sources of the subcircuits. Another example is used to show all
calculation steps in the MNA. Flnally, we discuss the. complexity and
convergence issues of the proposed MNA for computer aided circuit analysis.

3.1 Circuit Formulatlon Using The MNA-

“We have to ﬁnd the eqmvalent c1rcu1ts for all the subcircuits in each
iteration of the main loop An example is used below to formulate the
equivalent circuit. Consider a four ports subcircuit in F1g31 which is
characterized by the following equations: ‘ ' ‘

S i =05UE 4+ Uy

iy = Uj
iy = 0.5U7
15 - U5 U5 )
In the j-th 1terat10n we assume initial values are: vi =1, v{ =3, and
vg = 2. The associated discrete equivalent circuit of subcircuit in the j-th

iteration is as shown in Fig.3.2 {7]. Using the ADEC method, we obtain the
following formulation: ~ SR Lo

o dy v. . |
=gy =2, Jf _.11 ot 570
=4U, +1=5 , J§ =ip—gjU, =-3

7 30,
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- Figure3.1 A four-port subcircuit -
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‘_lllv-‘-l'}“

’»Figi.lr,e 3.2 The disoréte éqﬁivalent circuit to Fi‘g'u're 31
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g=——=3Uf=12 , 'Jg,'=i3f.g§U3:‘;16

g, =U,=2 , Jj :14 giU4
"§=2U5¥-1*1 , é—ls gdUs—"

: Usmg the MNA method to solve this linearized circuit, we have the following
’fsystem of equatlons : : L

02-20-10 1] 0.5
{52190 0-1 0 [[2] |85
6 0 -5-10 0 -05|vs| |-2]
1 00000 o |lL]=1]1 (3.
010000 o0y 3 |
001000 o, |2
22 000 0 1. | 2. |
Thé ‘i"'eé,u»ltsf‘are. ex‘pré§sed as a ¢olumn v'e'ctor::_ :
Vl 1
2 3
Vs 2
1. 3.5
17 8.5
3 2|
[

o .-"We set all 1ndependent sources in the equlva,lent cu‘cult to be : zero, the CII'Clllt
i _m Flg 3.2 becomes that in Flg 3.3.. Then we calculate the 1ncremental

Gi(vy) .
- in the followmg steps
-avsk_ B . :

R *f""conductanqe-
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. Il
VI'C* >
I
V2 O >
' Ly i
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gi g4
I, i, 8
V3 o——s ANV
Y i Y is

§g§ - ‘ §g§ $>0.5i4

lﬂ_T

Figure 3.3  An equivalent circuit for solving the incremental currents
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F:,Step l' Let the vy = =1, v2 =0, vs 0 then usmg the MNA method to A
solve the cu'cult n Flg 3 3 we have to solve the followmg system: :

RN N
02'—20—10.1 -

- e
: 6 0 . -1 0 0__05 v o|
100000 ofn|=[1] @y
o 100 0 11 S

0
0 .

lo o 1000 o [
0

o o o -

L 0Gyv) _ g

oo Ovg L
o »Step 2., Let vl = 0 v2‘"—‘_3 , and vy = 0. “SFOIVingth‘e' cireuit egain, we
- obtain: . ] R N

e
H
L]

BGI(vs) -3 =




L 0Gy(v) 12
avs2 ‘ 3 . _-

3G3( ) __: =6
avs? 3

K Step 3Letv1 :’0 v2 _0 and v3 = 2 v.:v’e:ovb‘tain: B

xs-[ 7

‘._.aG( Vo) '_,"—'10
. aV 2 L

C :>.>0G2(vs) - —
6\’33 . 2 ‘

,8G SN
. 3(VS,) — .§§ =19

: ThentheGs'and Ji canbe obtamed as followmg

. _ ] 9Giv) - 8Giv)  9Gv,) ]

G, = .. : 0.,
sl T COvg T vy Bvg

o = | 2o ) ',aGf( V) 9G(v) |
e T Bv _,- y 3v53 1

[ ]

8G3( s) 3G3( ) 8G3( ) |
8vy ! Bv | ’-.» 3"_

Gl =

,.: [ -5 : __2 ’719 ] .

and
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| _Jsji :If‘Gél Vé

s [marenarenal=s

h=li-Ghvi

Cas [ resrpe]=as

= Ig G’;,v’

= 85— [(—5)xl + (-2)x3 + 19x2 ] =-185

- vThe ﬁnal equlvalent circuit in the j-th iteration is shown in Flg3 4 Then we
" use the ADEC method to solve the main clrcult '

3 2 Computatlon Steps In: The MNA

_ Another example circuit ( Fig.3. 5 ) is used to 1llustrate the computations
“involved in the MNA. The associated discrete equlvalent circuit - for the
‘-subcnrcult 18" shown in F1g36a The equlvalent circuit for solving the main

o _, cn'cult in the j-th 1teratlon is shown in Flg 3. 6b

- Step 1: Calculate the GJ and J0.

- Assume the mltlal guess is vl = 7 v2 =1 ,and vé’: ‘0 . The
' ‘-ffollowmg steps are needed in each iteration of the main loop ' o

e Usmg the ADEC method we have

| ; dll
g{’ =
‘ . dU2 JU2 = Vs

- :’%Jz,r»l.z gz"s = 0

By the MNA method ‘we. obtam the equatlon
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|

Vsz o] ;2
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Figure 3.4

Equivalent current sources in a subcircuit
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Sy y=vE { i2=U$

» ‘Su.bcircfuit. '

Flgure 3.5 An example‘circuit ‘
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|
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<
(7]
H
o]

- "(3@.‘3) |

Tll’els"_()l'lltio,ll: vector is obtained:
v

‘where I is the current at POI't Io Then we set all mdependent sources in T

Fig.3. Ga ‘to be zero-and keep the input voltage v2, we ‘have

et a0 allw] e

| 1 o+ o flwf=tof e

1 0 o] {98

“The solutions are:

 Here T is the incremental "c"ur'reh't Smce the subcucult ha.s only one mput‘
_ voltage vy, the equlvalent circuit is formulated as follows o S
| 9Gy(v) _ 2

a= S2o,
ts . avsl - 1 ]
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L Figure 36



Glv, ;—‘2v1.'
J°-1° - G0, :1—2x1-‘—1 @)

Step 2: Substltutlng G2 and J9 into the main circuit as shown in Flg 3.6b, and B
usmg the MNA method , we obtain: : S

-

- afw] o

-1 1+GY oflv,| = [-10|

or . |

SR I S SN B B 1

_‘"—_1: 3 -0 vy : 11
- 1 | 0 0 .i3 }
This step yields the solutions
vf=10

v =2 666667

ig = —4 333333

Step 3: Substltutlng the results from the main c1rcu1t into the subcircuit, we |

obtaln
1+g) -1  “1 ’vv2 _Jlo
4 g oflw|=[] e
10 oll1] { va ’

The corresponding results are:

v = 2.666667
v4 = 2.666667

I = 4.333333

a8
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N0w" the first iteration of entire circuit is completed. The results
v} ¥ v, and vd will be used as the initial values to start the second iteration.
The steps in second iteration will be similar to those in the first one. Detailed -

steps are sklpped Only the results after the second lteratlon are shown below:

R o ""Repeat step 1: Calculate the Gl and J. 1 Usmg the ADEC method we have:

. l dll

L ol - 5.333333
.._l'lUn=V.1‘% '
1 = 'd.i2,l@.v y ’

RN Erentl =5.333333

| T2 ]U2=V21
3= i,"— glvl = —7 111111
, , 3= g2 v2 =-T. 111111 |
: Us1ng the MNA method to solve the c1rcu1t in F1g3 6a , we have
T l+gg : () vy | = =J3
1.0 olfrf |
Camd | |
vy = 2.666667
= ,1.543860 ’
I = 8 233918

_where I is the port current Il of the subcnrcmt Then we set the independent
© sources in Flg 3 6a to be zero. solvmg the circuit we, have '

[1+el -1 -1 {va] Tol
oo olld] (w]

and

vy = 2.666667



v3 = 0.421053

R 1= 1;_6,.467840
" Thus _ _ »
| | G, (v) o
al= ilvs) _ 16.467840 T oaTsam

v, 2.666667

' Gsl V = 6 175439 V2

= Gslvlz.'—8233918"

S

Repeat step 2° Substltutlng Gl and J1 lnto the ‘main cucunt and usmg the TR

'MNA method we obtaln
v12 =170

v2 =2 1230645 S

= -4 876936

, 'Repeat step 3° Substltutmg the results from the main c1rcu1t to the"b
o subclrcult we obtam _

= l 458028

»The second 1teratlon of MNA is then completed The values v12 , v22 5 and vi

will be used to start the third iteration similarly. The results of the main
circuit and ‘the subcireuit in successive iterations are listed in TableA.1 of
Appendix A. In this example, it takes five iterations to obtain the exact
- ‘solutions: : I o - S ‘

v =170
Vo = 20
vy = }1.0
iy = =5.0

‘ Thebprocedu‘vres desc'rivbe'd above correspond to one main lodp in MNA. Ihstead v v o
multiple ‘loops are required in the MNLA: This is the 1mportant dlﬁ'erence o

between the two algorlthms [2]
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‘3.3 Compléx’ity And Convergence Issues

From the above two examples for each c-port subcircuit, the computations |

| 1nvolved requires..to solve ¢ llnear systems of equatlons characterized by

” ,A" 1 = by, sz =by, -+ Ax, =b,. Since they -are descnbed by the -

. _-sa.me coeiﬁcxent matrlx A, the L U decomposmon method is used
ASLU |
L y, —'b

_‘ 'The matrlx A s decomposed into a lower-trlangular matrix L and a upper- -
‘-;tnangular matrlx U, Then the back-substitution is used to obtain the vector

" ¥; and the solutxon vector x;. In’ “each iteration of  the MNA, we need to

- perform . one LU decomposxtlon and ¢ back-substitutions for a c-port
. subeircuit. - we know that the time complex1ty for the submatrices L U
o decomposmon is O(ns3) but. for. back-substltutlon it is- only (ns2) When the
'dnnensron of the submatrrces A is large the time complexity for solving ¢
e equatrons with the same coefﬁc1ent matrix A is O(ns®) + cO(ns2) (nss)"
that is‘the same tlme complex1ty for solvmg one equation.

. Table 3.1 gives the time complexities of these algonthms As a reference,v
the time complexity of the Semi-Direct Method (SDM) is listed here [19]. The

-time complexity of each iteration in this method is about the same as in MNA,
‘ but this method has the linear . convergency rate. Assume the circuit is -
o 'partxtloned to two levels. Ty, Ty, T4 and T, are tlme neeaed for solving the

"' subclrcuxt in four algonthms, T is the tlme needed for solvmg the maln clrcult

and S 1s the speedup of vector processmg over scalar processing.

i} In the MNLA the entlre 1nner loop is requrred in each lteratxon of the,
’ "mam loop, and one’ L U decomposrtlon is needed for ‘each inner loop lteratlon

. ,l:.»" "f’,The comparlson of computatron steps in the MLNA and MNA are shown in
T Flg 3 7 Flgure 3 7a shows a main loop in- the MNA and there are three major

’ steps in each 1terat10n F 1gure 3 .7b shows a two-level structure of the MLNA.
In solvmg an l-level system the program should have 1 levels of looping. If
- there are p iterations in each loop, then the MNLA would need p! iterations for

L »'solvmg a subcircuit in the l-th level. But only p lteratlons are needed in the '

'MNA ThlS isa 51gn1ﬁcant 1mprovement when the system becomes large

. In general the SLNA has a quadratlc convergence rate. Let F ) =0 be
"‘.the set of equatlons in the SLNA. Then the 1ncrement AU || in each
ltera.tlon would be approxunately the square of the 1ncrement in the last
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*  Assume the tearing technique is used

**

ns:

This method has the different convergency rate w1th the other algonthms
The number of ‘subcircuits :
The number of unknowns in the main circuit

The number of unkowns in one subclrcmt A

Speedup of vector processor over scalar processor .

T=,§n T1='7§v-’ns"’+2ns’=%nsf
Ty = -l-nss Ty= —l-ns" 'T4=lns"’

ALGORITHM |
COMPUTER SLNA®* | MLNA | MNA | SDM"
__TYPE _ - S B | ,
SCALAR P(NT,+T) | P(GNT,*T) | P(NT3+T) | P(NT,+T) |

[VECTOR T P(NT +T)/s | P(GNT,+T)/s | P(NT,+T)/s

P(NT,+T)/s | .
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DO 10 =N - po1w — )

.- DO26 —

\ Main- ~ Inner- /
7 loop loovp’ _

- > Main;loop

{20 CONTINUE

10 CONTINVE | 10 CONTINUE

~_ BEND ) ' END J

el Figuré 3.7 }' Program struéturesv.i'n' the MNA and MLNA .



' 1teratlon Let us demonstrate thls by the same crrcurt shown lIl F1g3 5. By,, B T
the SLNA the discrete eqlnva,lent c1rcu1t is shown in F1g38 Assummg the =
initial guess 1s the same as before, v) =7, v2 l' v3 0 we have: ' ’

| o B=g-gdd=0
| Usmg the MNA m.é,t'hOd: we ha\"e',th‘é f'dllQWing.set_ of eqnétic}ns: L - -
B B S W | R o N S U

1 0 0 . 0 S v? J e
o Solvmg 1t we obtam the results after the ﬁrst 1teratron of the SLNA

ov= 2666667
’vg = 2.6,66667,,

—4 333333

:"Table A2 in Appendlx A gives the results after each lteratlon in. the SLNA :

“The increments decrease after each iteration at a quadratlc convergence rate.
Equatlons 2.24 and 2.25 show that the MNA has the same convergency rate as
in the SLNA. This also can. be found by comparing the TableA.1 and
. -_TableA 2, They exactly have the same values. corresponding to each 1terat10n

- Ina strict sense, the convergence of the MNA depends on the structure of o . |
. the circuit. . Suppose the circuit. is. characterized by a set of dlﬂerentlal L
,equatlons ~FU)=0 . Let U* is the solutlon vector and the J(U) is ‘the
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. Figureds Thediscrete equivalent circuit for SLNA
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| Jacohian rnatrix-"of }F‘(U) When

de; J(U) 0 » 10)

o the MNA and SLNA both have llnear convergence However in: general when_ i o , L

| Eq3 10 is not true, the. MNA and SLNA -would have a. quadratlc convergence

rate or faster [5] [6] So we clalm that the MNA has'a quadratlc convergence‘ ‘_“ :

'_\rate L

In the MLNA the’ conVergence of the main loop depends on’ the preclsmn': _:::.}
of the results in the inner ‘loop. The higher is. ‘the precision in' the i inner loop, -

the higher will be the convergency ‘in the main loop [l] In general the mner?t
loop. termrnatron crrterron is: chosen as: : O TR L

AX AY <rn1n{r

lAU Aw

V :Where AX and AY are the lncrements of the inner . loops AU andvAru‘ are. the“'l"’ _ |
1ncrements of the main loop, r is the rnltlal termlnatlon crlterlon of the 1nner” =

loop It has. been proved that for a= 2, the MLNA has the quadratlc

'convergence or_faster [1] [5)- HoweVer this ‘means ‘the precrsron of the inner

in the jtll lteratlon AU ;Awl]

‘should be equal to or less' than 0.00000001, which demands ‘many inner
1teratlons to satisfy this criterion. If one wants to. improve the convergence of
“the main loop in the MLNA, the number of iterations in the inner loop would -

~ be increased, and the total tune complexrty of both main and inner loops may
not be reduced ' ' ' '

“loop should be very high. As an Txample with. an lncrement of the maln loopv

= 0.0001, the prec1sron at the inner loop ey

fa<i, inner loop can then use the same termmatlon crlterlon as used in .

- the main loop.: The convergence rate of MLNA i is neither quadratic nor hnear :

‘but called ”Parrwrse quadratlc convergence” as proved in. [5]). This convergence : E
is shown in Fig.3.9a. It dlsplays some "kinks” whrch mean that the curve =~ .-
“alternates between- slow-decreasrng and fast- decreasrng intervals, even when the

number - of 1terat10ns j become very large Figure 3.9b- shows the curve of

.quadratlc convergency of MNA. It converges faster than the MLNA when

a<1. The comparrson “of the convergence rates of four algorrthms is shown
-'m Table 3.2. - R
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- (b) Pairwise quadratic convergence

?_'l: ‘F"‘,F‘igﬁ’re 39 -thvérgené‘e, ratés .
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Table 3.2. Convergence Rates

SLNA MLNA MNA SDM
QUADRATIC | QUADRATIC | QUADRATIC
a=2
(Rabbat, et al.) LINEAR
det J(U*) #0 ~det J(U*)#0 | (Lin, et al.)

PAIRWISE
QUADRATIC
a<l
(Lin, et al.)
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CHAPTER 4 .
VECTORIZED SIMULATION PROGRAMS

, Thls chapter presents the ma_]or vectorlzed programs used ln c1rcu1t
31mulatlon Sectlon 4.1 descrlbes the subnetwork update program The

program for LU decomposition to solve the sub01rcu1ts is explalned in sectlon N -

4.2. Section 4.3 illustrates the program for the main network update The
programs for soivmg the main circuit are descrlbed in sectlon 4 4

4.1 Subnetwork Update: Programs

As mentloned before, in MNA the c1rcu1t is partltloned to a mam cucult- -
and some submrcults Hence, the dimensions of the matrices in the equatlon'. R
‘can be reduced. Moreover, ‘if there are a lot of 1dent1cal subc1rcu1ts in the I

circuit, they can be treated as the elements of a vector. For example assume

there are N subecircuits which have the same structure, and there are two‘ .

parameters p; and q; in i-th subcireuit. Since all the subcircuits have the same
structure, the vector P = [p; ,py, - --pn} and Q = [q;, g, * - * qn] can be
used to represent the parameters in all the subcircuits. If we need to add pi:
and q; up , we can use the vector pipeline of the supercomputer Cyber-205-to _
do the vector addition P+Q for all the subcircuits. It can obtain a hlgher o
speedup than using the scalar processor to add them individually. :

From the example in the last chapter, we know that the assoc1ated
discrete equivalent. circuits of the nonlinear resistors as shown in Fig.3.2 are
needed. And these values are put into the equations before solving the
equivalent current sources of subcircuits. We call these procedure subcircuit
update. , S

Assume the current of a nonlmear resistor is the function of the voltage
across it, _ E
i= f(V) | : ()

Then the incremental conductance is calculated by
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‘:%lfl]v_j- | l - | ) |

: : The 1terat1ve current is calculated by

P =i gy o - (43),'

: ‘The f(v) can be any kind of function of the voltage v's, which may assume a A

~very compllcated form.. So, for calculatmg easily on the computer we use the
o ,Taylor expanswns of functlons f(v) and -—f(l)- ‘The more items of Taylor."

' expansnon are taken, the more precision w1ll be obtained. We use the first 10
items of the expansion in our simulation program. The coefficients of the items
of the functions will be stored in a two-dimensional array called PO. Each
~ column of PO corresponds to one type of nonlmear resistor. The coefficients of

‘ __(__)_Bgv are stored in the upper half of the columns in PO, the coefﬁclents for
ov -

- A(v) are stored in the lower half posmons As an example there is a PO whose ;»
: xstructure is as follows '

| a K
2 kp
ag . kj
PO = | . .
ajg - Ko
ag ko

It means that the the first 10 items of the Taylor expansion of —8-(;_)- for the

ﬁrst type of nonllnear res1stors are”

- Alv) —aalvg, + a,v8 + -
- ov .

‘ ,and the Taylor expansion of f(v ) for the first type of nonlinear resistors is

“a10

f(V) = ap v + 312"8 + * agg

Generally, there are more than one types of nonhnear re81stors in the circuit,
~ and the k- th column of PO corresponds to the k-th type of nonlinear resistor.

A two-dlmenswnal array called DS is used to store the pointer for each
nonlinear res1sltor in the subcircuits. . Each row. of DS corresponds to one



nonhnear reSIStor The ﬁrst and second entrles ina row are the numbers of } R

nodes to whlch the corr&pondlng nonllnear re51stor is- connected The voltage

- across the resistor can be obtained from these’ two nodes The thlrd entry of -
the row 1ndlcates which column of PO corresponds to th1s nonllnear re31stor If' o o
a number i is in the third posxtlon of one row of DS, 1t means the S
correspondlng coefﬁc1ents of the nonllnear res13tor 1s stored 1n'1-th column of
PO." The last entry of DS is either 1 or 0. 0 means that the resistor 1sd o

connected to the datum of the subc1rcu1t ‘and 1 means that the re51stor lS not -

connected to the datum. = ' : - R
Let us look at an example ‘shown in F1g4 la.” The ﬁrst row of DS

corresponds to the nonhnear resistor shown in F1g4 1b, whlch is connected'

from node 3 to node 5, and not connected to the datum The correspondlng_ -

coefﬁc1ents of 1ts functlon are stored in the second column ‘of PO. The second
‘row of DS means that the nonlinear resistor in the subc1rcu1t shown in Fig.4.1c

is connected from node 4 to node 7 ‘that is ‘the datum of the subclrcult The - |

: correspondmg coefficients of its function are stored in the third column of PO.

All the nonzero elements of the matrix A for solving. the subc1rcu1t are'_ »:“f e
stored in array NZS, and the elements of the right vector b are stored in array . - '

brs. The values of gl and J need to be inserted into ‘the arrays NZS and brS.
»Therefore two bit mask arrays are used to locate gl and J’m the NZS and brS.

In the s1mulat-1ng program, we assume all the subcircuits have the same

* structure, and each subcircuit has only two ports. Furthermore, we assume the
symbolic processing and row exchanges, column exchanges for all matrices have

been done before the simulation. Two integer arrays NZPSc and brSc are used S

- to indicate the order exchanges -of g’ and J in NZS and brS. Another 1nteger :
array CIS 1nd1cates the column exchanges of matrix A for subcircuits. The

| ~program for calculating the g and ¥ in subcircuits is as follows

1) Obtam the voltages accross the nonllnear resistor

P—O :
-_‘DO 10i=1,nls -
IF (DS(i,4).EQ. 0) THEN
V(1;y)=XS(1, DS(1 1) )
- ELSE T
’ ‘V( y)=XS(1, DS(1 1) y) XS(I DS(1 2),y)
: ENDIF

2) Calculate the polynomlal
g(Ly)=00
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~ (b) Resistor used

The ar.ré,va’S:A,é,nd resistors used .



DO 201 1 10 |
.20 CONTINUE . - -
» I(l,}') _0 0 .
DO 30 j=11,20 |
o ILy)=I(Ly)xV(Ly) +PO(j, DS(l 3))
- 30 CONTINUE = :

) Obtaln the J'and G .

"J(I,I,Y) ( ,Y)*V( ,)’) I( ,}')
p= p+l ,
G(l,p y)=g(Ly)
IF (DS{i,4).EQ. 0) GOTO 10
,P =pHlo oo
G(1,p;y)= g(l;y)
10 CONTINUE

‘Where nls is the number of nonlinear resistors in each subcircuit, the y in
program is the number of identical subcircuits in the circuit. All the
subcircuits will be treated as a vector and be solved by the vector plpehnes of'i
Cyber-205. -

The vector XS is used for storlng all variables of the subc1rcu1ts Gisa
two-dimensional array for storing all g in NZS. Changing order of g and J and
inserting them into NZS and brs respectlvely can be achieved by the followmg
operations: :

. p= ()
DO 40 1—1 ms R
IF (BTOL(NZPS(i))) THEN
p=p+1 | o
NZS(1,i;y)=G(I1,NZPSc(p);y)
ENDIF S

40 - CONTINUE

p=0

DO 50i=1, ns

IF (BTOL(bps(i))) THEN
~p=p+l |

brs(1,i;y)=J(1,bpSc(p);y)

ENDIF
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50 CONTINUE

' ‘.Where ms is the number of nOnzero elements in NZS ns-is the dlmensmn of

- the matrix A for the subcucults If only the scalar processor of Cyber-205 is-

N used the correspondlng program to do the same operatlons as the above one -

o w111 be as follows .

- DO10z=1,y
DO 20 i=1, nls
IF (DS(i,4).EQ.0) THEN
. V=XS(z,DSG,1)
.~ ELSE
- V=XS(z,DS(3;1)-XS(z,DS(1,2))
" ENDIF .

§ ,g— o
D030] 1, 10 :

R g*V+PO(J DS(i, 3))
o300 ,CONTINUE e

1= O .
DO 40j=11,20
, I=IxV+PO(j, DS(i 3))
-,40"3 CONTINUE '

_ 'J(l) g*V-
,_p =p+1.
~ G(p)=g
~IF (DS(i,4). EQ 0) GOTO 20
L p=ptl ‘
»G_(,)—-g _
20 CONTINUE»"‘

p=0
- DO 50 i=1, ms :
IF (BTOL(NZPS(l))) THEN
p=ptl
- NZS(z,i)=G(p)
" ENDIF



35

50 CONTINUE

- p=0

-~ DOB60i=1,ns ;
- IF (BTOL(bps(i))) THEN ~
p=p+1
-~ brs(z,1)=J(p)
"ENDIF

.60 .- CONTINUE
10 CONTINUE

‘ From the program above we can see, the program of scalar version needs an

addltlonal loop to replace a set of vector lnstructlons in the vector VeI‘SlOIl So‘
it is not efﬁc1ent o

- F1nally, to update the subclrcults the port voltages of the subc1rcu1ts

~which come from the main c1rcu1t should be inserted into array brS Because- LA

each subcircuit has only two ports in our simulation, an 1nteger vector pr is'

used to locate these port voltages in the equatlon of main - network, and a O

variable bpp is used to 1nd1cate thelr p051tlons 1n the equat1ons of each
subn etwork. ' ‘ )

4.2 Subcircuit Decomposntxon Programs

From the example in chapter three, we can see, that the equlvalent '7
independent current sources and controlled current sources of the subcircuits -

should be calculated after updating the subnetworks. Then these values are .
put into the equ‘a‘tions of main circuit in order to solve it in each iteration. In .=
‘MNA, it needs to do only one LU decomposition for each subc1rcu1t 1nstead of _
a loop where one LU decomposition is done for each iteration in MLNA"_ '

algorithm for each main iteration. Since it may need to do more than one time .
~of substitutions for one LU decomposition, the operat1ons to do these two '
: thlngs are written as a separate subroutine. o ' '

LU decomp051tlon method is used to solve the equatlon Ax = b The

”elements in L and U are determined by the following formulas: =
R g S
Ly =1 1 i iy :_‘(4',4)
. p=1"




The‘program to ealculatethe k-th 'eolumn of L is as,folloWs; _

1) Initialize
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o l() - if i>]
w =l e
: , 1‘_‘ i1 ..-v»lfi'<j‘

1_ y Z_: kp PJ :

DO 10i=k, ns

IF (BTOL(BS(i,k))) THEN |

o sum(1;y)=0.0

) Calculate the : sum of the l

ql:RS'V(i)-l.

lP Pl

_DO20p 1, k-1
- IF (BTOL(BS(j, p))) THEN

gql= ql+10: ) * :
" IF (BTOL(BS(p,k))) THEN -
o= R‘%(p) +QSSCNT(BS(p,1;k))-1

| Sum( y)= NZS( ,ql,y)*NZS(l,qu,Y)+Sum( y)

ENDIF

- ENDIF
20

CONTINUE

) Obtam the k-th column of L :

10

fql ql+1

NZS(I,ql,y)—NZS(l,ql,y) Sum(Il,y)

-ENDIF .
: CON TINUE

: | | (45)

| Where BS is-a two—dlmensmnal bit mask array for the subcircuits, RS is an.
~ integer vector to locate the ﬁrst noNzoero element of each row of A for the
subc1rcu1ts R RN ’ '

Smce the first column of does not need any computatlon which can be

- obtained d1rectly from the matrlx A, we can calculate the columns of L only

from 2 to ns. Slmllarly, the last row of U does not need calculating elther

' ‘The program for calculatlng the k-th TOW’ of U'is as follows



1) Initialize - ..
IF (k.NE.ns) THEN.

‘DO 30 j=k+1, ns o
IF (BTOL(BS(k ,J))) THEN :

- sum(L;y)=0.0 o

ql= RS(k)l |

aq=ql

2) Calculate. the sum of. llp i

DO40p lk-» S
* TF (BTOL(BS(k;) ))) ,THE.N “
-’:'ql qg+1 T
- IF (BTOL(BS( ,]))) THEN .
- qu=RS(p )+Q8SCNT(BS(p, ,])))
o sum(1;y) =NZS(1 ,ql y)*NYS(l,qu,y)+sum(l,y)
- ENDIF . - ’ v . _
0 J‘CONTINUE |
1 ) Obtaln the k- th row of U

qq= Q8SCNT(BS(k,l,Y))+qq
gl=ql+1 ,
‘NZS(1,9¢5y)= (NZS(I qq,Y) sum( ,Y))/NZS( ql y)
"ENDIF L
30 -CONTINUE

The QSSCNT is one of the intrinsic functlons of the CYBER 200 FORTRAN_

- which is available ‘on Cyber-205. Appendnl(‘ B will give th_e 1llustrat,10n_ i

detail of these intrinsic. functions used in our - ~simulation. “Since  the
corresponding program of scalar version for snnulatlon is too long, we are not
going to present it here but put it in Appendix D. ' S ’

. When solving the linear equations by LU- decomposxtlon we need-to solve o 7 B
'the equtions as in Eq.3.8. The elements of vector X and y can be obtalned by ~

- the followmg formulas
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n ' '
Xp TV~ ) WpXp | (4.7)
: p=k+1. T _

. The pregram for solving k-th element of ‘y is as VfOHOWS:‘ g

1) Calculate the sum of I 7y,

sum( y)= 0.0

dd=RS(K)-1

DO 10 j=1, k-1

IF (BTOL(BS(k,]))) THEN

‘dd=dd+1 ‘
- sum(L;y)=NZ5(1, dd,y)*YS( ,J,y)+sum( ,y)
- ENDIF :
10 CONTINUE

' Where YS in the program is the temporary vector y.
- 2) Obtam the k-th element of y

dd=dd+1 o .
YS(1, k;y)“‘(brS(l k;y)-sum(1;y))/NZS(1,dd;y)

The program for solving k-th element of x of subclrcults is as follows

) Calculate the sum of uy - Xp

l1=ns-k. ,
- qq=Rs(l )+QSSCNT(RS(1 1;j))-1
sum(1;y)=0.0
‘DO 20 p=I+1, ns -
IF (BTOL(BS(1,p))) THEN
. qa=qq+1 -
- sum(1;y)=NZS(1,qq;y )*XS( p;y)+sum(L;y)
 ENDIF | :
20 CONTINUE
2) Obtain the k- th element of x
XS(l,l,Y) —YS(I,I,y) Sum(I,Y)

From the XS we can obtain the values of the currents of the subcucults Then

| ‘the equivalent current sources are calculated by Eq.2.27 , Eq.2.28 and Eq.2.29.
- This part of program is simple and we put it in Appendix C. The results of
equivalent sources for subcucults are stored in array EG and EJ. A



4. 3 Mam Network Update Programs |

After the values of the equivalent sources - -are- found there are two"
operatlons should be done. First the- discrete equlvalent sources for nonlmear' o
elements in main circuit should be calculated. Second the: equ1valent sources of _
the subcircuits should be inserted into the main circuit, and then the main
circuit is solved with the NEM method. We call these operations the. main
~network update, which is similar to subnetwork update except that there is '; R |
only one main circuit in main network update while there are y subcircuits in i
‘subnetwork update. It is difficult to optimize the vectorized program especmlly- I

~ when the main circuit is small.

In simulation _program the nonzero elements of A for main c1rcu1t are
stored in the array 'NZ, the vector b on the right side of the equation Ax =b

is stored in the array br. The integer array D has the same structure as DS in " -

subnetwork update. . gl and J¥ contain: the values. of discrete eQuivalent sources -

in the main circuit, the integer arrays NZPc and bpc are used to- indicate the :
position exchanges of them in NZ and br. The bit arrays NZP and brp are |
used to locate the posmons of g and Ji. The program for calculating gl j'an.d"'.]j" SR

is as follows:

1) Find the voltages accross the nonlinear elements

DO 10i=1,nl ‘
IF (D(i,4).EQ.0)) THEN.
VEXOGY)

ELSE ,

v=X(D(,1))-X(D(i,2))

'2) Calculate the polynomial of nonlinear elements
g=Q8VPOLY(v,PO(1,D(3;3);10);g) ,
[=Q8VPOLY(v,PO(LLDG:310)D) |

3) Obtaln J and G ' :
J6)=g+v-1
p=ptl
G(p)=¢g
IF (D(i,4).EQ.0) GOTO 10
p=p+l1 o
G(p)=-¢
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10 CONTINUE

Where nl is the ‘number of nonlinear elements in main circuit. Q8VPOLY is

~one of the intrinsic functions of CYBER 200 FORTRAN for calculatrng the
- polynomral ‘Since the length of the polynomial is short in the srmulatron the
) speedup for this function is poor To optimize the vectorized program, we add -

| ttwo temporary arrays NZo and bro in the program. The Pprogram- {for inserting
g’ and Ji into NZ and br i is as follows:

1) Update the NZ

- 'NZo(1;p)= Q8SCATR(G(1,p)NZPc( P); NZo( ,p))
G(lyp)_NZO(lvp) ‘ ‘ o
’ NZ{1;m)= NZ(l,m)+Q8V)§PND(G(1;p),NZP(.;m);NZo(l;m))
) Update the br o ’ '
* bro(1;nl)= Q8VSCATR(J81 nl),bpe(L;nl); bro(l nl))
~J(1;nl)=bro(t;nl) - -
br(l n)= br(l n)+Q8VXPND( (1 nl), bp(l n) bro(l n))

‘Where n is the dlmensmn of- A for ‘the main crrcult Q8VSCATR and

c 'QSVXPND are 1ntr1nsrc functlons which are 1llustrated in Appendlx B..

.. The bit arrays. NZQ, and - brq are used to locate the values of the:
equwalent sources of the subcircuits in NZ and br. The integer arrays NZQC"

- and bqc are used to indicate the exchanges of these values in NZ and br. The

bit array Eis used to show. whether the subcrrcult is connected to datum of the

main circuit. A temporary array EO is used to optimize the vectorization. -

' Insertmg of the equrvalent sources can be done by the followrng operatlons

) Calculate the EO
. p-—-O s
DO'10i=1 ,y
o Pp=- p+l
. EO(p)=EG(i) T
. IF (NOT. (BTOL( (1)))) GOTO 10
T pE =p+l1-. s
Conilm .EO(P)—-EG()
10 CONTINUE
)UpdatetheNZ SR s , T
- NZO(1; p) Q8VSCATR(EO( ,p) NZQc(l,p) NZO( ,p))
EO( ,p)—NZO( ,p) o L
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| 3) Update the br

 bro(Ly) =Q8VSCATR(EI(Ly), ch( ypbro(tsy)
EJ(1;y)=bro(Ly) | PR
" br(l n)= br(l n)+Q8VXPND(EJ(l,y) bq(l n) bro(l n)) ,

there m is the numb_er of nonzero elements m NZ pisa counter_ here. -

4. 4 Programs For Solvmg The Main Circult S

NZ(l m)—NZ(l m)+Q8VXPND(EO(1,P) NZQ(I m)"NZO(lm)) e

Smce only one equatlon Ax = b is required for solvmg main circuit, it is :
difficult to vectorize the program. The temporary arrays sum, tu; tl, and NZT

are used here to optlmlze the program By Eq.4.6, y, can be calculated after

the k-th column of L is obtamed So we compute. the L, U, and Y by one -

e "DO-loop for saving the CPU tlme TlllS part of program is as follows A

1) Generate the vector tu o

tu(L;k-1 )—
PO 10i=1, k-1
IF (BTOL( 3(i, k))) THEN
‘qu=R(i )+QSSCNT(B(1,l,k))
= tu(l)"NZ(qu)
10 | CONTINUE

2) Calculate the sum of ll P p i

DO 20 i=k, n}
- IF (BTOL(B(i k) T:HEN
ql= R(l) e

for L

| {13k 1) QSVXPND(NZ(ql k-1) B, k- 1;0(1; k-l))
sum(l) Q8SDOT(tl(1 k- )tu(l k- )) ’
3) Obtain the L ' -

ql= QBSCNT(B(l 1; k-l))+ql
- NZ(ql) =NZ(ql)- sum( ) ‘

. ENDIF

20 CONTINUE

4) Calculate the sum of lk P yp for y
= R( ) |



5) Obtam the y

»7) Obtam the U
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tl(l,,k-l) QSVXPND(NZ(ql k-1), (k 1k 1) tl(l k- 1))
= sum(l) QSSDOT(tl(l k-1), Y(l k-l))

dd= QSSCNT(‘B(k I; k-l)) +ql
Y(k) (br(k) sum(l))/NZ(dd)

6) Calculate the sum. llp P for U

: ;L,IF (kNEn) THEN -
=Rk} R
3 v“dd -k
~ . sum(1;dd)=0
DO 30j= lk- |
TR (BTOL(B(k,J))) THEN
ql ql+1 L
| ,'qu R(1)+Q8SCNT(B(J;1'k)—) B

"*vtu(l dd)= Q8VXPND(NZ(qu dd) (] k+1 dd) tu(l dd)) R
- WHERE (B(k k+1 dd)) sum(l dd)—sum(l dd)+tu(1 dd)*NZ(ql) |
.. ENDIF e IR .
5 30 CONTINUE R

. nqu= QSSCNT(B(k k+1 dd)) o
75"_qu ql+l o :

- E _;NZT(l nqu) Q8VCMPRS(sum(1 dd), B(k k+1; dd) NZT(1;nqu))
. NZ(qu+inqu)= (NZ(qy.ﬂ n_qu) NZT(1 nqu))/NZ(qu)

~ ENDIE S TS :
L The program for solvmg the X is as followmg
1 n-k o L : :

' qq=R{)+QISONT(B O | |

© - tu(1;k) =Q8VXPND(NZ{qg;k), B(l 1+1; k) tu(l k))

 sum(1)= QSSDOT(tu(l k) X(l+1 k) |
(l) Y(l) sum(l) S

e : ‘ ’The key parts of the srmulatlon programs have been deScrlbed in thls chapter o
' .:Two detalled versmns of the programs are given m Appendlces C and D: one

| f»’wrrtten in. vector code and the other scalar code
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- CHAPTER 5 L
CYBER-205 SIMULATION RESULTS

We use large-scale CIrcu1t example to obtaln the srmulatlon results on the s :

: Cyber-205 Varlous programs for dlﬂ'erent purposes. are uscd m the smulatron"

experlments Sectlon 5.1 presents the example c1rcu1t and mltlal condltlons LI
Section §.2 presents the results for different program versions, and analyzes the .~

o speedup performance of the MNA The 1mpllcatlons and further rmprovements :
- are then elaborated : .

‘ 5.1 The Sample Clrcult Bemg Sxmulated

. An-example c1rcu1t is used: for: the circuit’ analysrs s1mulat10n The main

clrcult with the equ1valent current sources of the subc1rcu1ts is’ shown in
'Flg 5.1. N is the number of -the subcircuits which are connected to the main ‘
cireuit.. “In our simulation program, N can vary from 1 to 1000 All: thea

subcrrcults have the same structure shown in Flg 5.2, and they are connected L

together in parallel whlch means that they have the same parameters This is

~ for 31mp11fy1ng the input and output procedure such that we only need to input - w

and output the varlables in- one of the subcu‘cults Assume the 1n1t1al guess for
» nodal voltages in- mam cireuit, is REER ' A

v =150 v ':14;3.
v0=60 - o wi=50
| - vg=o00
The 1n1t1al guess for nodal voltages in subCIrcults is R
e e =150 V2_50'“
'v3=10]2-'~_fw2;a0x7

: 5. 2 Numerlcal Results And Speedup Analysrs

Al input data and clrcurt simulation results are grven in: Appendrx A B

The Table A3 lists the ﬁnal results of main c1rcu1t wrth dlfferent number of the i
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AAA,
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o ig=2.45x107%U¢

1 Al+h s #E0CUpF5x107

- R,=1000
R;=10K
.R’4=109

R;=100K

- E,=07V
3, =1.0E-9A
Ca=05

B=0.99

_ EQUIVALENT

igure 5.1 The main circuit




43.b

gy

PORT .)‘
VOLTAGE]

Figure 5.2 One subcircuit - B
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 R,=100K
- "R3=100K -

- R,=5000

a=0.5

p=099




subcircuits. Since the variables in each subcircuits are the same, the results for
only one of the subcircuits are listed here. All subcircuits are connected in
~ parallel. Table A4 lists the variables in one of the subeircuits with dlﬁ‘erenty

." * number of subcireuits in main circuit..

In Table A5, the average CPU time in each calculatlon step is hsted ‘
* where the time unit used is second. The input time and the output time are
‘not included in the table. Since the CPU time for each calculation step
‘includes some operating system: overhead time, doing the same operatlon may

“'.take different time. So we use the average values in the tables. There are
*several program versions in our simulation experiments. Table A5.a lists the

- CPU time where the vector pipelines of Cyber-205 are used. Table A5.b lists

the CPU time where only the scalar processor of Cyber-205 is used. The - '
number of subeircuits N used in vector version simulations ‘takes value 1, 10,

50 100, 200, 500, and 1000. The same values for N are used in the scalar"ﬁ

_version ‘except 1000 because the CPU time of ‘the Cyber-205 is expenswe

" Table Ab.a and Table A5. b show that the performance of updating and solvmg '

the subeircuits in the vector version is even worse than that in the scalar
- version when the circuit contains only one subcircuit. - This is because the
“number of -the subcircuits is too small to utilize the pipeline.. Table AS.c lists =~
" the CPU time for using the scalar processor of Cyber-205 and without any bit, :

- processing instructions used. As a reference, Table A5.d lists the CPU time for

g us'ing‘ the VAX '11'/780 machine. Due to limitation by the memory space to. -
" user, the number-of subcircuits in Table A5.¢ and Table A5.d is only up to 200. R

The average speedup of the vectorlzed program- versus the program of the'_ S

“scalar’ version is ‘shown by some curves. The curves of speedup for each
_caleulation step are shown in from Fig.5.3 to Fig.5.7. The speedup increases
rapidly when N increases. Figure 5.3 shows that the speedup of the subcircuit
update is about 100 when: N equals to 500. Figure 5.5 shows that the ‘speedup

o for solving the' subclrcmts is about 10. Since there is ‘only one main network, it

*is difficult ‘to optimize the vectorized: program. Flgure 5.4 shows the speedup of
‘vmam network update-is about 10 when N is 500. : I

The dlmensmn of the matrix for solving the ‘main circuit is much la,rgerr
-than that for the subcircuits, so solving ‘main c1rcu1t takes most of the total
CPU tlme To optimize this part of program is very 1mponant even though it

b ‘may be difficult. We add some temporary vectors to improve the efﬁclency of

~ the program, thlch w111 require some extra memory space, but it can save the

CPU time. Flgure 5.6 shows the speedup for solving main circuit is more than
- '100. This is s1gn1ﬁcant Figure 5.7 shows the speedup for back—substltutlon is

’about 20 Flgure 5 9 shows the overall speedup is about 100 From the curves _,



44.a

1000.

100

10

L ' 1 [ 1

1 10 50 100 200 5006 1000 N

Figure 5.3 Speedup in subnetworks updates



44.b

S |
1000

o

10

110 50 100 200 500 1000 N

" Figure 5.4 ~ Speedup in main networks updates



44.¢c

1000

100

10

L)

i ] i . | | 1 i

1 10 50 100 200 500 1000 N

~ Figure 5.5  Speedup in solving subcircuits



444

10

1 1

§ [P L 1 Y ' .

T 1 10 50 100 200 500 1000 N

© Figuress  Specdup in solving the main cireuit




. 44.e

1000 }

100

10

"I . \ N 5 A -

1 10 50 100 200 500 1000 N

: Figuré 5.7' Speedup:in ba’ck—su_bstitutidn‘, S




141

3.16x 10“3N:’f :

// 6.8x10°N2.

o 10°

n fif 10 - '

T ‘; Figure 58 " CPU timg_é for scalar and vector programs




. 100}

. _}',‘4‘1}03_:_ -

[ | L g 4

r_ Figufé 59 The overall“s_péedi‘lp S

1 10 50100 200 50010000 N = »




44h

U
=
S

T

3 L (VAXl 1/780). ,”/ |

(=)
T
\

D e m -

cork _~" VECTOR (SYBER 205)

~ ":Q-°'1,¥:v.3v""' SRS

0.001 |

1 - 1 RN SN ] [

1. 10 50 100 200 500 1000 N

e o Figuré 5.10 The\’CPU times needed in various éimulations



, we can see the speedup 1ncreases rapldly at the begmmng, and slows down
,.when N becomes very large TlllS means it may - tend to a constant From s

o ’Flgure 5. 8 we can' see, when the subcircuit number N 1s very large the CPU o

tlme for vector versmn program is approxnmately 68x10 3N2 and’ for scale';” :
version .is about 3. 16x 10’3 N3 Figure 5. 10 gives the curves of the CPU time
-~ for dlﬂerent versions of the program As a reference the CPU tlme for VAX"’

: 11/780 is. shown on the top of the ﬁgure , S '

¥ 5 3 Impllcatlons And Further Improvements

From the results of s1mulat10n ‘we can see, when the vector plpellnes of -

Cyber-205 is used to solve the large—scale circuit by MNA, a hlgh speedup can S

“be. achieved. Since. the setup time for the pipelines in Cyber-205 is long, when :

the number of subcucults s smaller the ~speedup is. poor. Flgure 59 Shows[ o
: that the increase of the speedup will slow ‘down when N becomes very large R
whlch means the ‘speedup . might tend toward a constant ‘with a very . large R
‘ system Because the. CPU time of Cyber-205 is expenswe 'N takes limited

values up to only 500 m the curves ‘and the corresponding overall speedup is "_ff:" B
more than 100. If more subcircuits were in the main circuit, the speedup might

" be hlgher than this. The vectorlzatlon in each calculation step is different, and

 the speedups for these steps are different too. In Fig.5.8 the total CPU time L S

includes the time for calculation, data access and system overhead, such as
‘page fault handling etc. 'the”input -output time is excluded here. For the

‘ example circuits, the total time complexity for vector versmn is O(Nz), and for o

scalar version it is O(N?)..

‘A considerable' amount of tlme has been used for page fault handllng mf"»

our vectonzed simulation. Table A6 shows that the execution time for scalar
" code is 340 seconds when N is 500, and the time for page fault handllng s 12 -

o seconds. For vector code, the time is- reduced to 4 seconds, but the time for

page fault handling does not change. This means that reducmg page faults
.becomes very 1mportant in the vectonzed MNA o : - '
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o CHAPTER 6 e
CONCLUSIONS AND SUGGESTIONS

Our research ﬁndlngs are summarrzed below.” Several suggestlons are_ R

made for those who wish ‘to conduct further studles on vectorlzed Cll‘CUlt"
_ analysrs usmg supercomputers ' : At .

| 6 1 Concludmg Remarks

A new Newton algorlthm has been proposed to perfrom c1rcu1t analySIS on el
: :,Vector computers “The subcircuits are treated as the elements of a vector and Syt
- are processed by a vector plpehne “Higher - eﬁlc1ency ¢an ‘be- achreved over
‘existing algorithms. We revealed the speedup advantages of the new algorlthm- L
The symbollc ‘processing and row column exchanges in’ MNA' are exactly the :
- same as in the SLNA and: MLNA The major advantages of the MNA are

: ;summarlzed below &

1) A large crrcurt is partrtroned 1nto multlple levels There is only one maln

loop in' the program The number of 1terat10ns in the main loop is'a constant . RO
. and ‘does not increase with the number of levels “The complexrty in each

» 1teratlon increases llnearly with respect to the number of levels i in the CIrcurt

2) The main loop of the MNA has a quadratlc convergence rate in most cases.
This is important for the overall speedup of the circuit simulation program
. espemally when the circuits are very large.  This convergence rate is faster than
~the pa1rw1se quadratrc convergence of MLNA reported:in Lin [5] '

-3)  The nonlinear equations for the main circuit and the submrcmts are not .

needed in the MNA. Only the parameters of circuit elemcnts are used. This

B makes the input of the data of a large circuit much easier. The calculatlons for
all the Jacoblan ‘matrices can be av01ded in MNA wh1ch saves CPU tlme

) In our srmulatlon experrments the speedup is approx1mately 100, when 500

subcircuits are in the main circuit. The modified bit matrix = structure is L
attractive for large-scale circuit SImulatlon Only the nonzero: elements. and blt’.'. R

- mask matrix have to be stored in memory. Thls results in hlgher efﬁcrency on

~ the Cyber-205 supercomputer
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) The vector prpelmes ‘of Cyber-205 have a long setup time. If the (‘:i‘rcuit»‘ :
contains .a few subclrcults the speedup would be poor. When the circuit

:___»lcontams many ldentlcal subclrcults a 31gn1ﬁcant speedup can 'be expected
" The larger is the number of subcucults in. the c1rcu1t the hlgher w1ll be the

o ‘speedup

R ‘6 2 Suggestlons For Further Research

From the results of our sxmulatlon experlments two suggestrons are made-. |

e . -for contmued studies:

| ) Srnce the vectorlzed programs are written in CYBER 200 FORTRAN they.

j. have to. be - translated to machine language by the compiler of Cyber-205. -
,Therefore the overall CPU time needed depends on the efficiency of the

~ compiler. For example page fault handling will demand CPU time. If the )
| 'page size and page. allocatron are reasonable the page fault occurrences may be '

reduced Thus the CPU" trme w1ll be also reduced.  This problem can be -

“ ' aallevrated by wntlng ‘the: program in assemble language ‘This requlres us to
" f»know the machlne ‘lrchltecture and operatmg system in more detall

2). The data mput/output demands long- tlme delays. Srnce the Cyber—205vf o

x CPU t:me is expenslve it may be more advantageous to use a small scalar. - -

'”'_computer to. perform “the. - mput/output functions. The " circuits in- our

ermulatlons are partltloned mto only two levels. Smce the number of 1teratlons‘ ’

, :,Vln the MNA is a constant hlghor beneﬁt may be obtained if more levels are', :
i used The latency technlque is. not conSIdered elther Latency may. further -
e flmprove the efhclency of the MNA on a vector supercomputer [20—23] ‘




[1]

[2]
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B APPENXIX A: INPUT DATA SErszND SIMULATION RESULTS

The _main crrcult and subcrrcmts ‘are all characterlzed by the lmear ‘

equatlons as the form Ax =bin MNA The matrrx A for the subcrrcults is . ’
“shown in Fig.A(a). Since - the symbolic processing and the row column B
exchange do not be included in. our simulations, these processmg should bev-_ B

done before the data input.. After these processing, the A becomes that in_
- Fig. A(b).v The symbol x in Fig. A() indicate that. there is a fill-in element.’
The bit mask matrix for subcircuit BS is as shown i in Fig. A( ). In Fig.A(d) are

- the vector b for subcircuits, the b. after row exchange and the bit ‘array bpS,

the integer array RS indicating the first nonzero element m each row of A.
The ‘matrix A for main circuit is shown in Fig. A(e) Its dimension can be_ )
changed up to 1000. After symbolic processing and row column exchange, A
becomes that in Fig.A(f). Figure A( ) shows the bit mask matrix for main

01rcu1t B. The vectors b before and after row change, the vectors bg and bp,
and the integer array C for the main circuit are shown in F1g A(h).

Table Al and A2 list the srmulatlon results of MNA and SLNA as -“ o

reported in Chapter 3. The large scale crrcult simulation results on Cyber-205
are glven in Table A3 to A6. : S
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_ Table A6. Times Needed for User, System and Page Faults Handling

S : US?f'C?U‘Tilﬁe‘(;s) ’System'CPlj "I"ime(s)n Net Page Faults(s) |
| Subcircuits Scalar’ ' ) Vector: || Scalar | Vector Scalar | ~ Vector

o | e e |o1e ffuz | one
10 20| 19 e w0 | na | 19
oo | 2| 1o o | 10 fme| ue
100 55 20 ‘;1.0 1o ‘11;3_'_': ,11.9:
S0 | w0 | 24 || 10 | 10 s | 1

| s00|f 3454 | o 46 Mo f 10 || e | o120

Toao00 ff - | aze | = | e |- | 123

© “luput/Output Times AreTncuded
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Table Al7 »Résults of the MNA Simulation

. e Variables in thé main circuit : Varianbes_ in the subcircuits 1
- |'Numberof —— 71— . . A
| iterations | V{ IR/ T T | \Z! G} J2
L@ IR —
0 [70]10 0.0 2.0 1.0
‘11’ 7.0 | 2.666667 | -4.333333 || 2.666667 | 6.175439 | -8.233918
2 7.0 | 2123064 | -4.876035 || 1.458028 | 4.990777 | -5.050256
3| 70| 2011470 | -4.988530 || 1.056501 | 4.701707 | -4.4045713
4 |70 | 2000203 |-4.999796 || 1.001090 | 4.667315 | -4.334630 |
5 7.0 | 2.000000 .| -5.000000 || 1.000000 '
‘Tal.)l"e A2. Results of the SLNA Simulation ‘
o ‘Nlﬁnbet of Variables in the circuit’
.| iterations [T — -
() Vi Ve vy ¥
0 170 110 [0 00 :
1 | 7.0 | 2.666667 | 2.666667 | -4.333333
2 |70 | 2123064 | 1.458028 | -4.876936
3 .| 7.0 | 2011470 | 1.056501 | -4.988530 |
4 |70 | 2000203 | 1.001090 | -4.999796
5 | 7.0 2000000 | 1.000000 | -5.000000 |




’ _ Table A3. Results Obtained in the Ma;in Clrcu1t |

Nuin’»be’f ,ofv '

Main Circuit Variables

subcircuits | iy \ Vo | Vq o v
1| 000023194 | 15.0 | 14.3 | 14.21430061 | 14.20018220 | =
10 | 000022008 | 150 | 14.3 | 1421217756 | 14.20724574 |
50 | 0.00022328 | 15.0 | 14.3 | 14.20303835 | 14.19894401 |
100 | 0.00021724 | 150 | 14.3 | 1419215019 | 14.18905557 |
200 | 0.00020844 | 15.0 | 14.3 | 1417156648 | 14.17036002 |
500 | 0.00019112 | 15.0 | 14.3 | 14.11602041 | 1411990955 |
1000 | 0.00017209 | 150 | 15.3 | 14.03710895 | 14.04823638 |

S " Main circuit V:iriaj,b-les,v
Number of ‘ ‘ EEe— — _

subcircuits| g | iy | g _Vy g |

1 0.00090818 |0.00128569 |-0.0151450 13.49213632 0.01307401

IQ 0.00092754{0.00128782 |-0.01719880 [ 13.47826175 [0.01512683

50 0,00101055 0.00129696 |-0.02601451 {13.43076520 0.02393841

100  {0.00110944|0.00130785 |-0.03653093 | 13.38800212 |0.03445006

200 0.00129640 |0.00132843 {-0.05643029 [ 13.32564756 0:05434058

500 [0.00180090 [0.00138398 |-0.11017436 | 13.20295807 |0.10806125
1000 . 0.00251765_‘ 0.00146289 |-0.18656576 | 13.06817581 0.18441980 :
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Table A4. Results Obtained in One Subcircuit

. Subcircuits Variables
‘Number of [~ . ‘ ‘
Subcircuits | V; - Vy - V3 Ve
1 15.0 | 1349213632 | 13.74011897 | 12.7147804
10 j_1‘5.o 113.47826175 | 13.74139862 | 12.70100470
50 15.0 | 13.43076520 | 13.74577911 | 12.56384735
: ‘ 1(})0' | 15.0 | 13.38800212 | 1374972294 | 12:61139075
000 | 150-| 13.32564756 | 1375547342 | 12.54948480
500 150 | 13.20205807 | 13.76678753 | 12.42768413
1000 | 150 »13.06817581 13.77921587 | 12.28388772
S v S.ubcircuits Véxiable;s
Number of — o ) :
Subcircuits | 15 .} 1g Iy o1
1 | -0.02519762 | -0.00005460 | 0.02530449 ‘| -0.00023194
10 3-0.02517203__ -0.00005763 0_.(‘)2536542:,..1 -0.00022998
50 "-0,02503447;',' -0.0000680 0.02526592 -0.00022328
100 ,-0.0'25_00'554, --0.00007734 | 0.02517634 | -0.00021724
"200,__' -0.02489053 | -0.00009097 | 0.02504573 40.00020844
E 500 -0.02466425 | -0.00011777 | 0.02478873 -0.00019112
1000 -0.02441568. -0.00014721 | 0.02450643 -0.00017209
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Table AS. CPU Tlmes for the Execuatlon of Vanous Programs , -

(a) Vector Code (Cyber 205)

Number of Update the Solving the Update the Solving.thg Su'bstitutioh . Total ~
Subcircuits Subcircuits Subcircuits Main Circuit Main Circuit Time - Time

-1 324x10™ 1.01x10° 1.2x107*  6.53x 10°¢ 2.82x107*  1.2x 1072 .
10 - 339x107% 12010 1.51x107% . 142x10° 3.03x 104 1. 7x1 107
50 355x107¢ 201x10° 211x10* 8.00x 107 3.98x107 5. 49 <1072
© 100 4.23x107* 3.08x 10° 299x 107" ' 2.37x107% " 5.37x 1074 140x 107 _'
200 47Tx10¢ 5.12x10° 446x10¢ T96x 102  7.63x 107 4325107
500 7.34x 107 1.13x10°2 0.16x107¢  4.44x107  150%x10° 229
1000  113x10°% 217x 102 172 <10 172 272,107 876
~(b) Scalar Code (Cyber 205) . o |
| 1 1.60x107 9.35x107% 211x10* 87 1074 242x10% 12x102
10 9.16x107% '2,40 x 1073 - 2.90 x ‘10" £13x10°  7.39x 107 4.24x 1072
50 4.32x10° 9.21x10° 749x107¢ 107x107 299107 6.21 x 107!
100 858x10° 177x102 132x10°  67x107  58x10° 352 ,
200 171x107% 347x1077 246x10° 473 115x107  23.96
500 4.27 x1072 8.58x10% 590x107% = 6843 2. 84'x 10?7 34295

(¢) Scalar Code (Cyber 205 w1thout use of bit processmg)
1. 340107 103x10° 139x10¢ 657x10% 2.83x107¢ 12x10°
100 111 x10 221x10° 32x107* 378x10 6.81x107™ 4.06x107%
50 530x107 9.04x107° 8.36x107% 892x10% 294x107 5 37 x 107!
100 1.05x 107 1.76x107% '1.48x10° 6.75x107 576x107%  3.55
200 210107 346x107% 2.77 x 1078 4.78 114x102  24.25

(d) Scalar Code (VAX 11/780) : o L
1 167x1072 267x102 00 - 4.33x102 3.33x107% 4.50x 107

10 267x107° 6.67x107% 1.00x102 833x102 233x102 167
50  1.30x107! 237x107! 1.30x102 181 = 6.00x10°2 1122
100 263x107 458x107 . 16x102 1267  1.30x107  67.68

200  493x 107! 860x107 367x107%  100.55  283x107 51195
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~ APPENDIX B: CYBER 200 FORTRAN INTRINSIC FUNCTIONS

* Listed below are the CYBER 200 FORTRAN intrinsic functions used in
this report. These description are taken directly from referenee 0]
Q8SCNT

| .QSSCNT(V) is a specific’ scalar functron that returns the number of 1 bits 1n.-
" the argument. The argument must be a vector of type bit. The result is of

- _type integer.

For example, if b1t vector \%! consists of the elements 1 0 011, the result o
of QBSCNT(Vl) is 3 -

QBSDOT

Q8SDOT(v1, v2)isa generlc scalar function that returns the dot product of the
two arguments. The arguments must be: vectors and can be of type integer,
~ real, or half-precision. If the arguments have different lengths, the excess
elements of the longer argument are ignored. The result is of the same data
type as the arguments. ~The result is the sum’ of the products of correspondlng
elements of the vector arguments.

7 - For example, if vector V1 con51sts of the. elements 0 13, and vector V2
consists . of the - elements 2 .2 2, the result of QSSDOT(VI ,V2) is
o _(0*2) (1*2)+(3*2), whlch is8 - o

| QSVCMPRS |
Q8VCMPRS(V cv; u) is a generlc vector- functlon that creates a vector consisting -
- of selected elements of the input argument v. -Teh input argument v must be
a vector and can of type integer, real, or half-preCISlon The input argument

.‘cv whlch is used as a control vector must be a vector of type bit. The output

‘argument can be a vector of the same data type as the input argument, or an -

'lnteger expressron that speclﬁes the length of the vector function result The
lnput arguments must have the same length. The length of the vector through
whlch the functlon result is returned is determlned by the number of 1 blt in
v o o
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The l'unctlon result consrsts of all of the elements of the 1nput argument v
' whose correspondlng elements in the control vector cv contaln a 1 bit.

‘For example if input argument V1 is a vector that consists of elements 2- '
46 8, and input argument CVl1 is a bit vector that consists of the elements 0 1
01, the function reference Q8VCMPRS(V1 CVl Ul) assrgns the values 4 8 to

the output argument Ul.

QSVPOLY

QSVPOLY(VI v2; u) is a generlc vector functlon that computes a polynomlal at
several points. The 1nput arguments must be two vectors or, one scalar and one
vector If a scalar is used as an input argument, the scalar must be the first
‘input argument. . The input arguments can be of type real or half-premsron

The output argument can be a vector of the same data type as the input
~arguments, or an ‘integer expression that specifies the length of the vector
function result. The input arguments can have different lengths Thel length of
the vector through which the function result 1s returned must be the same as
the length of the 1nput argument vl, or longer AR o

The 1nput argument v2 contains .the coeflicients of the polynomlal the
first element of input argument v2 is the coeflic1ent of the highest order term of
the polynomial, and the last element of lnput argument v2 is the coefficient of :
the lowest order term of the polynomial, which is the constant. The length of
input argument v2 determines the order of the polynomial. "The order is one
less than the number of elements in input argument v2. The input argument
vl contains the points at which the polynomial is to be evaluaed. The value of
the first element of input argument vl is substituted for the variable in the
polynomial,‘ the polynomial is evaluated, and the result is placed in the first
element of the function result. This is repeated for each element. of input
argument v1. o ' v

For example, if input argument v1 is a vector that consists of the elements ”

2.0 3.0 5.0, and input argument v2 is a vector that consists of the elements 4.0 o

2.0 1.0, the function reference Q8VPOL\ (V1,V2; Ul) assigns the values 21.0
43.0 111.0 to the output argument Ul. These values were computed by -
»substltutlng each element of input argument V1 for the variable m the
polynomlal defined by the input argument V2. The polynomral is:

42 + 2x +1
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' Q8VSCATR

Q8VSCATR(v,i;u) is a generic vector function that creates a vector consisting
of selected elements of the input argument v. The input argument v must be a
~ vector and can be of type integer, real, or half-precision. The input argument i

" must be a vector of type integer. ‘The output argument can be a vector of the

same data type as the input argument v, or an integer expression that specifies
the length of the vector function result. The input argument i and the vector
through which the function result is returned must have the same length. -

‘Each element of the input argument v corresponds to an element in input
argument i.  The elements in input argument i indicate to which elements in
the function rsult the elements in input argument v are assigned. For example,
if an element of i contains a 1, the element of input argument v that
corresponds to that element in 1 is assigned to the first element of the function
‘result. An element of the function result can be assigned more than one value;
the last value' an element is assigned is the value that it retains.

For example, if input argument V1 is a vector that consists of the
elements 2.0 40 6.0 8.0, input argument I1is a vector that consists of the
~elements 1 4 4 2, and output argument Ul is a vector that consists of the
" elements 9.0 9.0 9.0 9. 0, the function reference Q8VSCATR(V1,I1;Ul) assigns
the values 2.0 8.0 9.0 6. 0 to the output argument Ul. The fourth element of
the output argument 18 asmgned the value 4 0, but i is then reassigned the value
~ 6.0. The third element of the output vector is never a551gned therefor,

- retains 1ts prev1ous value ‘

Q8VXP’ND

QSWND(V ev; u) is a generic vector function that c‘roates' a vector that
consists -of the clements of input argument v plus additional elements havmg
the value 0 or 0.0.. The input argument v must be a vector of type integer,
real, or half-precision. The input argument c¢v, which is used as the control
vector, must. be a veetor of type bit. The output ar’gument can be a vector of
the same data type as the input argument v, or an integer expression that
specifies the length of the vector function result. The length of the vector
through which the function result is returned must be the same as the length of

the input argument Ccv. ‘ : ’

, Each element of the functron result correqpondrng to an element in the
control vector cv that contains a 0 bit is assigned the value 0. The elements of
the function result corresponding to 1 bits in the control vector: are assigned
values from the input argument v. The leftmost values from input argument v
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‘are used, and any excess values are ignored.

. For example, if input argument V1 is a.vectorvtha't consists of the
elements 5.0 5.0 5.0, and input argument CV1 is a bit vector consists of the

elements 1 0 0 1, the function reference QSV)G)ND(VI CVl; Ul) assigns  the
values 5.0 0.6 0.0 5.0 to the output argument Ul.
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FILE NNﬁE MMNA

ﬁf,THIS PROGRRN 1S USED TO DO THE LﬁRGE CIRCUIT:
. "ANALYSIS USING THE MMNA ALGORITM. THE NUMBER
-, OF SUBCIRCUITS IN THE CIRCUIT CAN BE FROM 1 -
" T0 '1000.. THE -MAIN PROGRAM. AND ALL SUBRUUTINES
"RRE WRITTEN-IN UECTUR UERSION. -

 UARIABLES:
" N2 - A REAL_ARRAY CONTAINING THE NONZERD

~ELEMENTS "IN NﬁTRIX ﬁ FUR MAIN -
CIRCUIT.

"jNZS -a- REﬁL RRRQY CONTAINING THE NONZERO

ELEMENTS IN NﬁTRIX A FOR SUBCIRCUITS.,

,B - ﬂ BIT NﬁSK RRRQY FUR NRIN CIRCUIT.

BS - ﬁ BIT MﬁSK HRRﬁY FOR SUBCIRCUITS

R - ﬁ REAL ARRAY CONTﬁINING ‘THE RIGHT HQND
' SIDE OF THE' EQUQTION AxX=B FOR NRIN ’
CIRCUIT.

j;'BRs A 'REAL ARRAY CONTﬁINING THE RIGHT HAND

- OF “THE FIRST NONZERO ELEMENT IN EACH RON OF‘
THE NﬁTRIX A FOR MAIN CIRCUIT. E v

TURF— A NITEGER ﬁRRﬁY FOR INDICﬁTING THE PUSITIUNS

F0..THE ‘FIRST ‘NONZERO -ELEMENT.IN-EACH ROW OF
“THE MATRIX A FOR-MAIN CIRCUIT.

'RS.- A INTEGER ARRAY FOR INDICATING THE

" POSITIONS OF THE FIRST NONZERO ELEMENT IN
- EACH. RUN OF THE NﬁTRIX A FOR SUBCIRCUITS.

"':~n - A" INTEGER ARRAY CONTAINING THE POINTERS OF .

NONLINEﬁR DEUICES IN NﬁIN CIRCUIT.

‘, s - A INTEGER ARRAY CGNTQINING THE- POINTERS UF '

- NONLINERR DEUICES IN SUBCIRCUITS.

‘f‘PO - ﬁ REAL - ﬁRRﬂY CONTRINING THE COEFFICIENTS OF

POLYNOMIAL. FOR' FUNCTIDNS OF . NONLINEﬁR DEUICES
IN NHOLE CIRCUIT. _

:X - A RﬂEL RRRQY CONTﬁINING THE UﬁRIRBLES IN NﬁIN

- CIRCUIT.

- ;XS-— ﬂ REﬁL ﬁRRﬁY CONTQINING THE UﬁRIﬂBLES IN THE

'SUBCIRCUITS. -

T;CI = ﬁ INTEGER ﬁRRﬂY INDICﬁTING THE COLUMN ORDER

EXCHQNGE OF THE NQTRIX A FOR MAIN CIRCUIT.

CIS bt ﬁ INTEGER ﬁRRﬁY INDICﬁTING THE COLUMN ORDER -
EXCHﬁNGE UF ‘THE NRTRIX ﬁ FOR SUBCIRCUITS. o

| T}NZP _ @ BIT ARRAY FOR INDICRTING THE POSITIUNS oF

G IN THE N2«

’IJU_NZPS - A BIT HRRQY FOR INDICﬁTIUG THE POSITIUNS oF

G IN THE - st.i

DOOO0NON0N000000000N00N0A000NONNNNNNN0000 FEOOO000000000000000060000
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PROGRAM MMNA(TAPES=INPUT, TAPEG=0UTPUT)
ROWWISE B(1100,11003,BS(10,s10)

REAL NZS(1000,503,NZ2(3100);P0(20,5),X5(1000,10)»BR(1100)>,
BRS(1000,105, I0C1000),EJ(1000),EG(1000), IBR(1100), IBRS(1000510),
JTS(1000,4), INZ(3100)5 INZS(1000,50),X(1100)5T1,T2,T3» T4, TS

INTEGER I,JsK,sMsMSsNs»NSsNLsNLSs Ps Ys BPGs BPP,
D(10,4)5D5(4,4),CI(1100),CIS(10),
R(1100)sRS(103sNZPC(20),NZPSC(8),
NZQC(1000),BPC(10)5BPSC(4),
BQC(1000),BPUCL000)

BIT B»BS,E(1000),NZP(3100),N2PS(5035N23(3100)>
B@(1100):BP(1100),BPS(10)

INPUT THE DATA

CALL INP (IBRs IBRSsXsXSs INZs INZS»s Bs BSs»Rs»RS»Ds DSpCI CIS,Ms MS,
NZPs N2PC, NZPSs NZPSC, NZ2Q» NZBC»s Es BP» BPC» Vs
BPS, BPSC, B@» BAC, NL» NLS» N» NSs P0, BPG» BPP, BFU)

SET THE NUMBER OF ITERATION

READ(S5s 1) K
FORMATC(10I4>

T71=0.0

DO 10 L=1,K
COPY THE ‘NZ AND NZS

NZC1sM)=INC13M)
DO 3 I=1,MS

NZS(1,I:Y)=INS(1,I:V¥)
CONTINUE

UPDATA THE SUBNETHWORK

IF (NLS.NE.O) THEN

TT3=SECOND()

CALL UPNS (NZS, BRS,HZPS;NZPSC;PO;DS;XS;HS;HLS;CIS,MSyJTSyY)
TT4=SECOND ()

T1=TT4-TT3

ENDIF

LU DECOMPOSITION FOR SUBNETWORK

TT3=SECOND()
CALL LUS (NZS,BSsRSsNS,Y)
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50

B0

40

- 60

| CALCULATE THE EG AND EJ

DO 20 I=1,NS

BRS(1,13¥)=0.0

}CONTINUE

Do 30 I=1,Y

- BRS(I-BPP)'X(BPU(I))

CONTINUE

. SOLVE THE SUBNETHORK .

" CALL SXY (NZS,BRS,BS»RS»NS;YsXS)

' UBTHIN THE. I WITH ZERU INPUT

10(1 Y) XS(I;BPG.Y)

'CHLCULQTE THE BRS-

Cpeo

DO 40 I=1,NS

IF (BTOLfBPS(I))) THEN

PP+l
DO 50 J=1,Y

BRS(J,I)—JTS(J,BPSC(P)) =
CONTINUE = -

ELSE

DO 60 J=1;¥

BRS(Js 1)=IBRS(Js 1)

CONTINUE

ENDIF
© CONTINUE

SET THE" SUBNETNORK INPUT

’3no 70 I=1,Y

BRS(1,BPP) X(BPU(I))
CONTINUE - )

ff:CﬁLCULﬁTE THE SUBNETNDRK

;CﬂLL SXY (NZS.BRS.BS;RS-NS;Y;XS)

'-'TGBTﬁlninE EG AND EJ

DU 90 ‘I=1,Y

EG(I) -IO(I)/X(BPU(I))
© 'EJ(I)=XS(I,BPG)~ IO(I)
, CONTINUE
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CDPY .THE BR

TBR(l:H):IBR(I;N)‘
TT4=SECOND() -

TE TT4~ TT3

~ UPDATA THE NONL INEAR DEUICES OF THE MAIN HETHORK

T73= SECOHD()

IF (NL.NE.O) THEN

CALL - UPNM "(NZs BR» NZPs NZPC» BPC;BP»PO’D’X,H,NL;CIyM)
ENDIF

UPDQTH THE INPUT OF THE MAIN HETNURK

CALL UPT - (NzQ, Y,N,H,NZGCpEG EJ.E,BG BGC,HZ,BR)

TT4= SECDHD()
T3=TT4~-TT3 -

LU DECOMPOSITION AND SOLUE THE MAIN NETWORK

TT3=SECOND() -
CALL LUM (NZ;X,BR.B,R,H)

~ TT4=SECOND() -
T4=TT4- TT3

fSUBSTITUTE TO THE SUBHETHORK

TT3 SECDHD()’

. D0 100 I=1,Y

BRS.(T,BPP) X(BPU(I))

- "CONTINUE

CALL SXY (st;BRs.Bs,Rs.Ns,Y,XS)
TT4=SECOND()’ :
T5=TT4-TT3

TT1=TTL4+T1+T2+T3+T4+T5

- PRINT- THE RESULTS OF THIS ITERATION

WRITE(G,6) L -
WRITE(B,7) (X(I+Y=1),I=1,N-y+1}
WRITE(E,8) (XS(1,1)»I=1,NS)
WRITE(E,9) T1,T2,T3,T4,T5

FORMAT (1X,#*%#//35%, #THE NUMBER OF ITERATION ¢s15//

25){, :*******-x--x-********-x-*********************************#/)

FORMAT (30X, #THE UALUE OF UARIABLE IN THE MAIN NETNDRK #//v
10X, 5F15.87/)

FORMAT (730X, #THE UALUE OF “UARIABLE IN FIRST OF SUBNETNORKS #//
20X, 4F15 8//)
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FORMAT (////30X.¢THE URLUE OF THE CPUTIME FDR ‘THIS ITERHYIUN#//
10Xs 5F15. 8/////) : .

'CONTINUE“
T1=TTL

OUTPUT THE FINAL RESULTS

CALL OUT (N»NS» Y X» XS5 T1)-

STOP
END’

0O0O0ONN0o00

"FILE NAME UPNS

- THIS SUBROUTINE IS USED TO Do UPDRTﬂ THE

SUBNETWORKS. ALL OF THE FUNCTIONS OF THE -~ -
NONLINEAR ‘DEVICE IN SUBCIRCUITS ARE HWRITTEN
HS THE POLYNUNIRL DF THE UOLTQGE U,

10

P

“SUBRUUTINE UPNS (NZS,BRS;NZPS;NZPSC;PO;DS,XS;NSoNLS;CISo

MS,JTS,Y)

REQL NZS(IOOO;SO):NZSU(1000.8);X5(1000o10).BRS(1000 10)»

GS(10005 8);TIS(1000)¢TXS(1000.10),US(1000).GTS(1000),

’PO(EOyS),JTS(1000’4)

INTEGER DS(4;4) YuCIS(lO)»NS,NZPSC(B)’
NLS»MS:P.I;J,Z

BIT NZPS(50)

’FIND THE U-ACROSS THE HONLINEQR DEUICES

‘.no 10 I=1+NS -

TXS(1,CIS(I)? Y)—XS(I-I Y)
CUNTINUE :

'v':thcuLnTE THE GS AND JS

P 6 -

Do 20 I=1,NLS
IF(DS¢I,4).EQ.0) THEN S
Us(1:yi= TXS(l;DS(I;l) Y
ELSE

CUS(13¥)= TXS(I,DS(I 13 Y) TXS(lgDS(IpE) Y)

‘ ENDIF

'CQLcuLaTE THE POLYNOMIAL

GTSC13Y)I=0:0
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DO 30 J=1,10
GTS(13Y)=CGTS(1:Y)*US(13 Y)+P0(J;DS(I.3))
CONTINUE

OBTAIN THE JTS

TIS(13Y)=0.0

DG 35 J=11,20
TIS(1:Y)=TIS(13Y)I*US(13Y)+PO(JsDS(I,3))
CONTINUE

JTS(;;I$Y)=GTS(1:Y)*US(1=Y)-TIS(1;Y)
OBTAIN THE GS

P=P+1
GS(1, P3¥)=6TS(13Y)
IF(DS(1,4).EQ.0) GO TO 20
P=P+1

GS(1,P3Y)=-GTS(13Y)
CONTINUE

OBTAIN THE NZSO

D0 40 I=1,P
NZSO(1, I3Y)=GS(1,NZPSC(I);Y)
CONTINUE

UPDATA THE NZS

P=0
DO 50 I=1,MS

IF (BTOL(NZPS(I))) THEN
P=P+1
NZS(1,1;Y)=NZSO(1,P;Y)
ENDIF

CONTINUE

RETURN
END

FILE NAME LUS

THIS SUBROUTINE IS USED TO DO THE LU
DECOMPOSITION FOR THE MATEIX A OF THE .
SUBCIRCUITS. ’

[wipisivivicinigly)

SUBROUTINE LUS(NZS,BS» RS NS Y)

ROWWISE BS(10,10)

REAL NZS(1000,50),SUM(1000)

INTEGER RS(10)sNS» Qs Q85 QLs QUs Ty Ks Py Wy Zs J ¥
BIT BS
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- C CALCULATE THE FIRST ROW OF U

c
Q=1
D0 2 W=2,NS
IF (BTOL(BS(1,W))) THEN
G=4+1
NZS(1sB:Y)=NZS(1, Q3 Y)/HZS(I,I Y
ENDIF
2 CONTINUE
DO 10 K=2,NS
c CﬁLCULRTE'THE KTH COLUMN OF L (TO 29)
DO 20 I=K,NS
IF (BTOL(BS{IsK)J) THEN
c INITIALIZATION
c

SUM(1:¥>=0.0"

QL=RS(I)-1
, DO 40 P=1,K-1
c FIND THE INDEX OF L AND U
c
" IF (BTOL(BS(I,P))) THEN
oL=gL+1
IF (BTOL(BS(P,K))) THEN
QU=RS(P)+G8SCNT (BS(Ps 15K))-1
c CALCULATE THE SUM
c
© SUM(13Y)=NZS(1,8L3Y)*NZS(1,QUs YI+SUM(13Y)
ENDIF '
ENDIF
40 CONTINUE
c OBTAIN THE L
C ____________
gL=QL+1
NZS(1s QL3 Y)=NZSC(1,QL3Y)-SUM(13Y)
3 ENDIF
20 CONTINUE
c CALCULATE THE KTH ROW OF U
c
IF (K.NE.NS) THEN
D0 120 J=K+1,NS
IF (BTOL(BS(K»J))) THEN
C INITIALIZATION

SUM(13Y)=0.0
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'GLFRS(K)>1'f.f1-
ag=aL
‘DO 140 P=1,K-1"

FINDZTHE’IHDEX OF U’ﬂND‘L ,

00000000

¢
IF (BTDL(BS(K,P))) THEN
QL=GL+1
IF (BTOL(BS(P»J))) THEN
QU=RS (P)+@BSCNT (BS(P, 15 J))=1"
c - FIND THE SUM :
C L TTmnmeTTTTTE . . . .
' '.sum(1:Y)=N23(1;0Liy)4N25(1;uU§Y)+5UM(1:Y)
, ENDIF o o
. ENDIF .
140 .CONTINUE
' UBTHIN THE_ u
GQ—GSSCNT(BS(Kyl J))+uu
aL=aL+l -
NZS(1,08: )= (NZS(l.GQ.Y)—SUM(l Y))/NZS(lvGL vy
- ENDIF ,
120 CONTINUE
ENDIF
10 © . CONTINUE
. RETURN -
END
* FILE NAME SXY
" THIS SUBROUTINE IS USED TO SOLUE- THE UECTURS
y AND X FOR THE SUBCIRCUITS.
SUBROUTINE SXY (st,BRs.Bs{Rs,Ns;Y;XS) |
ROWWISE BS(10.10)
REAL NZS(IOOO,SO),XS(IOOO»10).YS(1000,10),
BRS(1000, 10),SUM(1000) ,
o INTEGER RS(10),NS»Ls uu,I.K.P.-
» 'Z,J, DD, Y
L BIT BS.
C ' FIND THE FIRST ELEMENT OF ¥
VS(1, 13Y)=BRS(1, 13Y)/NZS(1,13Y)
c | CALCULATE THE ¥ (TO 20)
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DO 20 K=2,NS "
C . INITIAL sun.

c . Yoomme e e T
o "SUM(I}Y)=0.0
€ .. ‘CALCULATE THE SUM

- DD=RS(K)-1 -
DO 40 J=1,K-1
IR (BTOL(BS(K-J))) THEN -
- DD=DD+1
sums Y)*NZS(I,DD Y)*YS(I.J.Y)+SUM(1 ¥)
S o ENDIF : ’
40 .1,JCONTINUE“
C . OBTAINTHE Y
' ,nn=nn+1 o ' .
sk Y= (BRS(l,K.Y)~SUM(1 Y))/NZS(l.DD.Y)
20 UcoNTINUE :
xfc',;"ffcaLCULnTE THE Last ELEMENT OF %

R o3 -
o xS(lans:?)=YS(1,ns:v)-
c ”‘tthuLnTE THE X (TO 70) .
c - -
e ;‘Jno 70 K= 1.Ns— v
"c‘fC*'li.:'FIHD THE INDEX OF L
B

”L—NS-K‘

GG"RS(L)‘FGBSCNT(BS(L» 1. L= 1

EEE R ?INITIQL_THEESUH

<
R SUMC13Y)= o 0
e ':_CALCULnTE THE sun :
Y D100 PeLLNS
~IF (BTOL(BS(LsP))). THEN
@e=0a+1
sum(is Y)-NZS(1-0@.Y)*XS(1.P.Y)+SUM(1 A%
U ENDIE
100 CONTINUE
T ;-EOBTGIN THE % -
c.

szst1’L3Y)=YS(1,L;Y)fSUM(1=Yi‘ L




67

70 CONTINUE -

RETURN
“END

FILE NAME UPNM

THIS SUBROUTINE IS USED TO DO THE UPDATA THE
NONLINEAR SEVICES OF THE MAIN NETWORK. ALL OF
THE FUNCTIONS OF NONLINEAR DEUVICES IN MAIN
CIRCUIT ARE HRITTEN AS THE POLYNOMIAL OF
UOLTAGE V. .

O0OO0OOO0000O000

SUBRUUTINE UPNN (NZ BRoNZP;NZPC;BPC;BP;PU-D;X;N;NL;CI N)b

REAL NZ(3100),X(1100),BR(1100),P0(20,5),G(20).
1 TXC1100)sTI,VUsJT(10), GT:NZD(3100)’BRU(1100)

INTEGER NZPC(EO) D(lU 4);BPC(10),CI(1100) Ns .
1 NL!P»I’JJM :

BIT'NZP(BlOO);BP(llOO)

c FIND THE OLD ORDER OF X

TX(13N)=QBUSCATR(X (I3 NI CIC1i NI TX(LISN))

c CALCULATE THE G AND JT (TO 20)
c —— » - . .
P=0. - -
, DO 20 I=1, NL
Cc FIND THE u ACROSS THE NOHLIHEQR DEUICES

IF (D(I,4).EQ.0) THEN
U=TX(D(I,1)) :
ELSE

S USTR(D(I»1))-TX(D(I,2))
ENDIF

C . CALCULATE THE POLYNOME

GT=0.0
.D0 30 J=1,10 '
. GT=GT*U+PO(J, D(I,3))
30 CONTINUE

TI=0.0

DO 40 J=11,20

TI=TI=U+PO(J; D(I,3))
40 CONTINUE

c ~ OBTAIN THE JT
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JTCI)=GT*U-TI

OBTAIN THE G -

P=P+1
G(P)=GT

IF (D(I,4).EQ.0) GO TO 20
P=P+1

G(P)=-GT

CONTINUE

UPDATA THE NZ

NZU(l P) -QBUSCATR(G(13P), HZPC(l P NZO(l P))
G(13 P)—NZO(l P).

'NZ(l M= NZ(l N)+08UXPND(G(1 P, HZP(I M)3NZOC(13M))

‘UPDﬁTﬁ THE BR

BRO(1:NL)= QBUSCQTR(JT(I NL),BPC(I NL)3  BROC13NL))

"JT(l NL)=BRO(13 NL) ,
k'BR(l N)=BR(13} H)+08UXPND(JT(1 NL),BP(l N) BRU(I N))

vRETURH'
“'END

FILE NAME UPI
THIS SUBROUTINE ‘IS USED.TO UPDATA THE INPUT

OF THE MAIN NETHORK. ASSUME ALL OF .THE ’ -

SUBCIRCUITS ‘HERE ‘HAVE ONLY THO PORTS.

0000000 n0

e

‘SUBRDUTINE UPI (NZQ)Y,N;M;NZQC,EG.EJ;E{BQ;BGC.NZ,BR)'

REAL. NZ(3100),BR(1100)9EG(1000),
EJ(1000).N20(3100).EO(EOOO),BRD(IIOO)

INTEGER P.I.Y N,H,NZQC(EOGO)-BGC(IOOO)

f.‘BIT NZG(SIOO),BG(1100)-E(1000)

ﬁCﬁLCULHTEfTHE EO

it b‘ o »
..D0..10-I= lyY

P=P+1
EO(PY=EG(T)

“IF (.NOT. (BTUL(E(I)))) o TO 10

P=P+l .
EO(P)=—EG(I) -

CONTINUE

UPDATA THE NZ
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. NZO(l P)—GBUSCQTR(EU(I P),NZGC(l O H NZO(I P))
- EOC13 P)>=NZO(1: Py

NZfI.M) NZ(I M)+08UXPND(EU(1 P).NZG(I M) HZU(I H))

'UPDRTH THE: BR

e e e et e s e e e

BRO(I ¥)= GSUSCGTR(EJ(I.Y)sBGC(le) BRO(1 Y))

- EJ(13Y)=BRO(13 ¥y
BR(1; N) BR(l N)+08UXPND(EJ(1 Y) BAC1sN); BRU(l N))

* RETURN
END.

FILE HQME LUM

'THIS SUBROUTINE IS USED TO. DO THE LU

DECOMPOSITION FOR MATRIX A FOR MAIN

vvCIRCUIT AND SULUE THE . UECTORS Y AND X.

S OO0000000-

.30

:SUBROUTINE LuM (NZDX’BR)BsRQN)

ROHNISE B(1100’1100) -

'REHL NZ(3100),X(1100),Y(1100) BR(llOO).SUN(llOO)"_

TU(1100),TL(1100)»NZT(1100)

:INTEGER R(llUO).N,I’JoKyQ’GL’GG,GU’P,DB,H

BIT B

‘FIND(THE-FIRSTLELEﬂENT OF ¥

¢(1)=BR(1)/NZ(1)

_CALCULATE THE FIRST ROM OF U -

@=Q8SCNT(B(1,2;N-1))
CNZ(2:@)=Nz(2;s QY/NZC1)

€D0 Ly DECUNPOSITION AND CRLCULHTE Y (70 20)

10 20 K=2,N v
‘GENERATE THE VECTOR TU.

TUCL3K=1)20,0 -

DO 30 I=1,K~1

JIF (BTOL(B(I+K))) THEN

QU=R(I)+G8SCNT(B(I, 13 K)) -1

CTUCIY=NZ QW)

ENDIF

_ COHTINUE
» CRLCULRTE THE KTH COLUNN DF L (TO 40) ~




DO 40 1=KsN

IF. (BTOL(B(I,K))) THEN
S rEeeRaD
’vC\fEV;*vCRLCULﬁTE THE SUM
€ v
; LCisk-1)= GBUXPND(NZ(GL.K-I),B(I,1 K-1)4 TL(L3K=10). -
. SUN(1)=G8SDOT(TL(13K=1, TUCLiK=10)
¢ OBTAIN THE L
C.: "i ——————————— ] .
‘ ' DL—GBSCNT(B(IVI sK-17)+6L
© NZ(BL)=NZ(OL)-SUMC1L) .
. ENDIF
‘40 CONTINUE
c vfanCULaTE THE Y
i 7
o ‘QL—R(K) ‘ i
e GENERATE THE VECTOR T
o _TL(1 K—l)—QBUXPND(NZ(QL.K-l)-B(K;1 K-1) TL(1 k=10
co ”fCﬂLCULRTE THE sun
e . v
L ,:f,SUM(l)—GSSDOT(TL(l sK=13, Y(l K-l)) 'f,,
~ DD=0BSCHT(B(K, 13K=1)4GL .
e OBTRIN THE Y ' e
ot [Pttt v
o= (BR(K)-SUM(l))/NZ(DD)
e CﬂLCULRTE THE KTH ROM OF U
o a'IF'(K;NE,n) THEN
BL=R¢K)-1
DD=N-K
SUM(13DD)=0. 0
D0 80. J=1,K~1-
COIF (BTDL(B(K,J))) THEN
Qk=OL+1 L
| GU—R(J)+DSSCNT(B(J,1 K)
c ;.CRLCULHTE THE. SUM. }
- ’3,TU(1inni—usuxPND(NZ(uu.nn).B(J.K+1'Dni'TU(i Y. L
- WHERE (B(K,K+130D)) SUMC13 DD)=SUNC L DD)+TU(1.DD)*NZ(QL) o
- ENDIF - , A
80 CONTINUE '
Vg

o NGU QSSCNT(B(K,K+1 DD)) ,

J . QU=aL+L

LNZT (LS NGU)—QBUCMPRS(SUM(l D) B(K,K+1 DD) NZT(13 NQU))
»‘,NZ(GU+1 NQU) (NZ(GU+1.NQU)-NZT(1 NQU))/NZ(QU) ‘
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120

n

ENDIF

vCUNTINUE
CALCULATE THE %

RAD=Y (D)
D0 120 K=1hl-1"

CﬁLCULﬁTE THE sumv'f'

L—N K

_‘QQ—R(L)+085CNT(B(L1lyL)) C ' .
TBC(L: K)-G8UXPHD(NZ(00.K)’B(LsL+1 K) TUCLS K)) L
"SUV(l)—GSSDOT(TU(l K),X(L+1 K)) R

OBTRIN THE X

';xxL)=Y(L)~suMII)
,%CONTINUEv =

.RETURH
'END

OONo0O00O0 .

"'f:FiLE'NﬁME out

FTHIS SUBROUTINE: IS- USED 10 OUTPUT THE

FINHL RESULTS DF MMNQ PROGRQM.

. SUBROUTINE OUT (NsNS»¥sX»XSaT1) -
'REAL T1,X(1100),%X5(1000,10)
"INTEGER N>NS» I,Y

HRITE (6s4) Y

, HRITE(B,I) (RCI+Y- 1);I 1;N‘Y+1)
'.:NRITF(S,E) (XS(I’J)9J—1,NS) '
'HRITE(S’3) T1 .

v'FORMﬁT (/ESX,#THE FINQLE RESULTS—UF THE MQIN NETNGRK#// o
+10%,5F15.87) , o

FORMAT (25%» #THE FINQLE RESULTS IN. THE FIRST DF SUBNETHDRKS#// B

'20X.4F15 873

FURMﬁT (////35X’#THE TUTRL cPU TIME#//SSX.#T —#,F15;10)j‘

" FORMAT (////30X,¢THE NUMBER OF SUBNETWORKS IS#,18//25%s - -

) ,#************************************************¢///)

- RETURN.

END
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APPENDIX D: SIMULATION PROGRAMS IN SCALAR CODE
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*FILE. NMAE MMNA

'”THIS PROGRAM IS USED TO DO THE LARGE CIRCUIT

ANALYSIS USING THE MMNA ALGORITM. THE NUMBER

“OF 'SUBCIRCUITS IN THE CIRCUIT CAN BE FROM 1

TO 1000. THE MAIN PROGRAM AND ALL. SUBROUTINES

“ARE WRITTEN IN SCALAR UERSION.
. VUARIABLES: - .
' NZ - A REAL ARRAY CONTAINING THE NONZEROD

- ELEMENTS. IN MATRIX A FOR NﬁIN
CIRCUIT. .

T"NZS = A - REAL ARRAY CONTHINING THE NONZERO

. ELEMENTS ‘IN MATRIX A FUR SUBCIRCUITS.

B, —‘ﬂ BIT NﬂSK ARRAY FOR. NQIN CIRCUIT.
. BS = ﬂ BIT MHSK ARRAY FOR SUBCIRCUITS
R - A REAL ARRAY CONTﬂINING THE RIGHT HAND -

.SIDE OF THE EGUﬁTION AX=B FOR NﬂIN
CIRCUIT.

‘"HBRS = ﬂ REﬁL ﬁRRﬁY CONTQINING THE RIGHT HﬁND '

_OF THE.FIRST NONZERO ELEMENT IN EACH ROW OF
©THE NﬁTRIX A FOR MAIN CIRCUIT. B ,

R ﬁ NITEGER ﬂRRﬁY FOR INDICﬁTING THE POSITIONS o

'FO THE FIRST -NONZERO ELEMENT IN EACH. ROW OF .
e THE NHTRIX A FOR MAIN CIRCUIT.

» S - ﬂ INTEGER ﬁRRﬂY 'FOR INDICATING THE

- "POSITIONS OF THE FIRST NONZERO ELEMENT IN -
» EﬁCH ROW OF . THE NHTRIX A FOR SUBCIRCUITS.

:gD - A INTEGER ﬁRRﬁY CDNTRINING THE POINTERS OF

, NONLINERR DEUICES IN NﬂIN CIRCUIT.

'yﬂDS - A INTEGER ARRAY CONTﬁINING THE . POINTERS OF

'v‘ NONLINERR DEUICES IN SUBCIRCUITS.

PO - ﬂ REHL ﬁRRﬂY CONTAINING THE COEFFICIENTS OF
POLYNOMIAL FOR FUNCTIONS OF NONLINEAR DEUICES
' IN NHOLE CIRCUIT.

HX = A RHEL ﬁRRﬂY CONTﬁINING THE UﬁRIHBLES IN NRIN

CIRCUIT.

"‘:XSv— A REQL ARRAY CONTﬂINING THE UﬂRIHBLES IN THE

SUBCIRCUITS.‘a,,

CI-A INTEGER RRRQY INDICRTING THE COLUMN DRDER -

: EXCHﬁNGE OF THE MATRIX A FOR MAIN CIRCUIT.

._ CIS = ﬂ INTEGER ﬁRRﬂY INDICATING: THE CULUNN ORDER

EXCHQNGE OoF THE NﬁTRIX A FOR SUBCIRCUITS. N

NZP - BIT ﬁRRﬁY FOR INDICRTING THE POSITIDNS OF :

-~ G: IN THE Nz. .

”;a'NZPS - H BIT ARRAY FOR . INDICﬂTIOG THE POSITIDNS OF i

G.IN THE. st.,

foﬁodnnnnnondhnnnnﬁonﬁnononhnhhpnnhnooéonnnnﬁnndnnhdnhhﬁnnhdhhohnhn 3
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PROGRAM. MMNA(TAPES=INPUT, TAPEG=0UTPUT)

ROWWISE B(1100,1100),BS(10510)

REAL NZS(1000,50),N2(3100),P0(20,5),XS(1000,10),BR(1100),

BRS(1000,10)5 I0(1000),EJ(1000),EG(1000), IBR(1100), IBRS(1000,10)» ,3.
JTS(1000,4), INZ(3100),» INZS(1000558),X(1100),T1,T2, T35 T4, TS

,INTEGER I;J’K;M,MS;NJNS:NL-NLS,P’Y,BPG;BPP»

D(10,4),0S(4,4),CI(1100),CIS(10),

R(1100)»,RS(10)sNZPC(20),NZPSC(8),

NZQC (2000, BPC(10)+BPSC(4),
BAC(1000), BPU(lOOO)

BIT B,BS,E(IOOO) NZP(3100),HZPS(SO),NZG(SIOO),BP(1100) BPS(10);

»BG(1100)

INFUT THE DATA

CALL INP (IBR;IBRS,X’XS’INZ’INZS,B,BS’R,RS’D,DS-CI CIS»>M5>MS,
NZPs NZPC»NZPSs NZPSC» N2@» NZQC» E» BP» BPC, Y5
BPSs BPSCs BQ» BAC» NLs NLS» Ns NS, PO» BPG» BPP» BPU .

SET THE NUMBER OF ITERATION

READ(S,1) K
FORMAT(1014)

TT1=0.0

DO 10 L=1,K
COPY THE Nz AND NZS

DO 4 I=1,M
NZ(I)=INZ(I)

. CONTINUE

DO 3 I=1,MS

DO 3 J=1,Y

NZS(Js I)=INZS(J, 1)
CDHTIHUE ~

UPDﬂTﬂ THE’HUHLINEHR.DEUItES OF THE SUBNETWORK

IF (NLS.NE.O) THEN

TT3=SECOND()

CALL UPNS (NZS,BRS,NZPS,HZPSC:PU;DS;XS,NS,NLS,CIS,MS,JTS,Y)
TT4=SECOND(

T1=TT4-TT3

ENDIF

.LU‘DEQDMPDSiTION”FOR SUBNE TWORK.
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30

20

60

40

P= 0

19

vTT3-SECUND()
- CALL LUS (NZS.BS.RS.NS;Y)

' ceLCULnTE THE EG AND EJ

'_nu 20 1=1,NS

DO 20 J=1,Y

‘BRS(Js 1)=0.0-

COHTINUE

DO 30 I=1,Y
BRS(I,BPP)*X(BPU(I))

 CONTINUE
'SOLUE THE SUBMETHORK

CALL SXY (NZS, BRS»BS»RS:NSs Ys XS)

OBTAIN.THE I WITH ZERO INPUT

DO 35 I=1,Y

10¢1)=XS(I,BPG)
CONTINUE

CALCULATE THE BRS

DO 40 I=13NS
IF (BTDL(BPS(I))) THEN

p=p+1

D0.50 J=1s¥.
BRS(J» I)= JTS(J,BPSC(P))
CONTINUE

ELSE

‘DO B0 J=1,Y

BRS(J, 1)=1BRS(J> 1)
CONTINUE

ENDIF
CONTINUE.:.

SET‘THE'SUBNETNQRK INPUT

D070 T=Ly

BRS(I,BPP)= X(BPU(I))

(CONTINUE. .. RS
CALCULATE THE SUBNETNDRK

ceLL,sxv’(NZS;BRS.Bs;Rslns;v;XS)

" OBTAIN THE EG AND EJ
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c . N
DO 90 I=1,Y _
EG(I)=—10CI) X (BPUCI))
EJ(1)=XS(1,BPE)-10CI)
90 - CONTINUE
c COPY THE BR.
S
DO 95 I=1,N
BR(I)=IBR(I)
95 CONTINUE
TT4=SECONDC)
T2=TT4-TT3 v
C UPDATA THE NONLINEAR DEVICES OF THE MAIN. NETHORK
c : s - i
TT3=SECOND )
IF (NL.NE.O) THEN -
CALL _UPNM (N2> BR» NZPs NZPC» BPC» BPy PO, Dy X» Mo NL» CI4 H)
ENDIF
C. UPDATA THE INPUT OF THE MAIN NETWORK
c - :
CALL UPI (NZQ»Y»N»MsNZQCs EG+EJ, E» BA» BAC» NZ» BR)
TT4=SECONDC) * '
T3=TT4-TT3 |
c LU DECOMPOSITION AND SOLUE THE MAIN NETWORK
c : :
TT3=SECOND ()
CALL LUM (Nz,x.BR,B.R,N)
TT4=SECOND( )
T4=TT4-TT3
C  SUBSTITUTE TO THE SUBNETWORK
c ,
TT3=SECONDC)
DO 100 I=1,¥
- BRS(I, BPP)=X(BPU(I))
100 CONTINUE
CALL SXY (NZS»BRS»BSsRSsNSsYsXS)
TT4=SECOND()
TS=TT4-TT3
- TTI=TTL+T1I4T24T34T4+TS
c PRINT THE RESULTS OF THIS ITERATION
c . -

HRITE(Bs6) L

WRITE(Es 7) (XK(I+¥Y-1)sI=1,N-Y+1)
WRITE(6s8) (XS(1,1),I=1,NS)
HWRITE(B,9) T1,T2,T3:T4, TS



7

- 'FDRMHT (1X.#**#//35X;#THE HUNBER OF ITERﬁTIDN #sIS//

v N ) 1 ESX, #*********************************ﬁ*****************#/)
7. FORMAT (/3ox,¢THE UALUE OF UQRIQBLE N THE MﬁIN NETHORK =0
U1 10K 5F15.87/) .
g E‘THFDRMQT(/SOX.ﬁTHE UQLUE OF ‘UARIABLE. IN FIRST oF SUBNETHURKS 277
1 20%,4F15.877) _
‘g FORMAT (////30X.#THE.UHLUE DF THE CPUTINME FOR THIS ITERﬁYION#//

‘IT 10X;5F15 8/77/7)

10 cowtinue

CITETTL
e bUTPUT”THE'FIHﬁLLRESULTS?

'_fanL OUT (N.Ns.v.x XS,TI)‘

“f-:STDP

FILE NﬂHE UPNS _f

,‘THIS SUBROUTINE 1S USED TO DO THE UPDQTQ
' SUBCIRCUITS. ALL OF THE: FUNCTIONS OF -THE'' }y"f S
- NONLINEAR-DEVICES IN ‘SUBCIRCUITS ARE NRITTEN -
- ﬂS THE POLYNDMIﬂL UF THE UOLTﬁGE u. ¥

Toeoonnon0o’ L o

*’.,'TSUBRUUTINE UPNS (NZS,BRS,NZPS,NZPSC.PO;DS-XS;NS»NLS.CIS,fT:
1 MS,JTS,¥)

s REAL: N25(1ooo.50),x3(1ooo,10),BR5(1000.10).P0(ao,5),
1 'NZSO(B),GS(B)» TXS(1000, 10),US, GTS, JTS(1000,4)

S 'IHTEGER NZPSC(B)oDS(4s4)pCIS(lO)’NSp/:’
. | . NLS;MS;P,I’JQZ’Y )

L BITNZRS(SO).
c ’ijIND THE ‘OLD ORDER OF %S -

C-D0 10 I=15NS
SO0 DD 10 2=1sY
R g‘vaXS(Z.CIS(I)) XS(Z,I)
10 CONTINUE - - :

féfﬂ "3CQLCULQTE THE GS ﬁND JS f‘.“'

“pg 20 z LY.

P=0. g
. D 25 I=1,MS ‘
©CIF (DS(I,4).EG.0). THEN
: 'US—TXS(Z.DS(I;l)) o
. ELSE:. ‘
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Us= TXS(Z;DS(I:l)) -TXS(Z,DS(1,2))

ENDTF

CALCULATE THE POLYNOME

G7$=0.0
DO 3G J=1,10 "
GT5=GTS*US+P0O(J, DS(153))

. CONTINUE

OBTAIN THE JTS

T15=0.0

DO 35 J=11,20
TIS=TIS*US+PO(J>DS(1,3))
CONTINUE- ‘

JTS(Z,I) =GTS*US-TIS
OBTAIN THE GS

P=P+1
GS(P)=GTS -

IF (DS(I,4),EQ.0) GO TO 25
P=P+1

GS(P)=-GTS

CONTINUE

OBTAIN THE NZSO -

DO 40 I=1,P
NZSO0(I)=GS(NZPSC(I))
CONTINUE

UPDATA THE NZS

P=0

DO 20 I=1,MS

IF (BTOL(NZPS(I))) THEN
P=p+1

NZS(Z, 1)=NZSO(P)

ENDIF -

CONTINUE

RETURN
END

FILE NAME LUS

THIS SUBROUTINE IS USED TO DO THE LU
DECOMPOSITION FOR THE MATRIX A OF THE

SUBCIRCUITS.

(wlplvipivivielinly]

SUBROUTINE LUS(NZS»BSsRS,NS,Y)
ROWWISE BS(10,10)
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v'REﬁL NZS(lOOO:SO):SUM(lOOO)

- INTEGER RS(lO).Ns.Q.ua.aL,mu,I.K.P,u.z,d.v
~BIT BS

crif'1I caLcuLﬂTE THE FIRST RON oF u

Tai |
D02 U=2,NS
IF (BTUL(BS(I,N))) THEN
. Q=0+1 .
. DO 4 2=1,Y
R NZS(Z,G)—NZS(ZyG)/HZS(Z,1)
©.4 - CONTINUE .
S ENDIF -
2@ 7 CONTINUE

'¢. . DO LU DECOMPOSITION (T0 10)

- 0 10 Ks2sNS :
: fc'f“j'-_CQLCULnTE THE KTH CDLUMN OF L (10 20)

D020 1=KeNS E
I (BTOL(BS(I/K))). THEN

oo ' INITIﬁL SUM

, ‘~77ﬁ0'30 2—1.v
L sUM(9=0.0.

30" CONTINUE .

' 'QL—RS(I) -§-
D0 40 P‘l;K 1

‘fcf‘ “s:jF1Nn THE INDEX UF L nnn u

" IF (BTOLCBSC(I, PY)- THEN
COL=QL+1
L IF (BTOL(BS(P+K))) THEN
U QU=RS(PY-1 .
v . DO 50 KK=1,K. . =
o TF (BTOL(BS(P,KK))) uu-uu+1 -
S50 CONTINUE . Lok e

' *tf,”f']{anCULnTE soM

. po o zel,v
L sUM(2y= NZS(Z,GL)*NZS(Z,GU)+SUM(Z)
60 - - -CONTINUE -
w ENDIF
G ENDIF
40 RCUNTINUE

..,OB.TnIN, THE !~

e

”"ffaL—uL+1 .
D0 70 Z=1,Y
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20

130

150

160

140

170

180
120
10

80

NZS(2Z,QL)=NZS(Z, QL) SUM(Z)
CONTINUE

ENDIF
CONTINUE

CALCULATE THE KTH ROW OF THE U

IF (K.NE.NS) THEN
DO 120 J=K+1,NS
IF (BTOL (BS(K»J))) THEN

INITIAL SUM

DO 130 Z=1,Y
SUM(Z)=0.0
CONTINUE

AL=RS(K)~1
DO 140 P=1,K-1

FIND THE INDEX OF U AND L

IF (BTOL(BS(K»P))) THEN
QL=GL+1 ,
IF (BTOL(BS(P»J))) THEN

QU=RS(P)-1

DO 150 KK=1.J

IF (BTOL(BS(P,KK))) QU=QU+1
CONTINUE

FIND THE SUM

DO 160 Z=1,Y
SUM(2Z2)=N2S(Zs UL)*NZS(Z DU)+SUM(2)
CONTINUE

ENDIF
ENDIF
CONTINUE

OBTAIN THE U

Q0=0L

QL=0L+1

DO 170 KK=KsJ

IF (BTOL(BS(KsKK))) GQ=0Q+1
CONTINUE

DO 180 Z2=1,Y
NZS(Z,QQ)=(N2S(2,8R>-SUM(2))sNZ5(Z, QL)
CONTINUE

ENDIF

CONTINUE

ENDIF

CONTINUE

RETURN
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END

FILE: NAME SXY

v THIS SUBRDUTIHE IS USED TO SOLUE THE UECTORS ‘
. Y AND X FOR- THE -SUBCIRCUITS.

0OOO0000

| SUBROUTINE SXY (NZS,BRS, BS,RSsNS, Y»XS)
_ ROWWISE ‘BS(10,10)

» REAL NZS(1000,50),XS(1000,10)»YS(1000510)5
_‘lv,BRS(IOOO;lO)oSUM(lOOO) : . '

- INTEGER RS(IO);NS;L:DU;K:P’
1 ZvJvDDQY

BIT'BS. ,
C . FIND THE FIRST ELEMENT OF v

D010 Z=1.Y
L YS(Z,15=BRS(Z, 1DANZS(Z, 1)
10 . CONTINUE ’

€ CALCULATE THE ¥ (TO 20

DO 20 K=2,Ns =~
/IHITIQL suM -

[T o DERARE

: DD vj30 v2=-’1) Y'
L SUM(Z23=0.0
30 . - :CONTINWE : .-

€ CALCULATE THE SUM

" DD=RS(K)-1
DO 40 J=1,K-1
IF (BTOL(BS(KyJ))) THEN
| DD=DD+1

‘ Do 50 Z=1,Y
LT 'SUH(Z)-HZS(Z,DD)*YS(Z,J)+SUM(Z)
50 CONTINUE . o
. ENDIF
40 conrxqu;
¢ OBTAIN THE Y

" DD= DD+1 e

DO 20 Z=1,Y

8@k (BRS(Z,K)—SUM(Z))/NZS(Z,DD)
20 CONTINUE :

¢ CALCULATE THE LAST ELEMENT oF X
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DO 60 Z=1,Y

0

| XS(Z,NSI=VS(ZINS)
60 - CONTINUE
C - CALCULATE THE X (TO 70)
c JLATE ‘ i
DO 70 K=1,NS-1
c FIND THE INDEX OF L
. L=N5-K
- @Q=RS(L)-1
D0 80 P=1,L"
. 0P CBTOL(BS(L-P))) Q=00+
80 CONTINUE
C INITIAL THE sum
C .
DO 98 Z=1,Y
SUM(Z)=0.0
S0 - CONTINUE
‘ ”CHLCULQTE THE SUM-
DO 100 P=L+1,NS
IF (BTDL(BS(L.P))) THEN
Qe=G+1 -
DO 110 2=1, v S
. SUM(Z)= NZS(Z;GQ)*XS(Z:P)+SUM(Z)
110~ CONTINUE .
ENDIF -
100 CONT INUE
o OBTAIN THE ¥
C e o s e e e e, e
© Do 120 221,
:  RS(Z5L)=¥5(Z5 L)-5UM(2)
120~ CONTINUE
70 CONTINUE
RETURN
: END
c e :
c T .
c FILE NAME UPNM
c
c THIS SUBROUTINE IS USED TO DO THE UPDATA
c MAIN NETHORK FOR NONLINEAR DEVICES. ALL OF
c FUNCTIONS OF NONLINEAR DEVICES IN MAIN
c CIRCUIT. ARE WRITTEN AS THE POLYNOMIAL OF
c UOL.TAGE U.
C .
c--

SUBROUTINE UPNM_(NZs BR» NZP» NZPC» BPC, BPs PO Dy X N NLsC1, )
REAL NZ(3100),X(1100),BR(1100)»P0(20,5)sG(20),



35

EO__

1

TX(llOG),TI U;JT(IO) GT»NZO(EO)

" INTEGER D(10;4),CI(1100);N;
‘NL,P;I;JoMsNZPC(EO)oBPC(lO)

_BIT HZP(3100);BP(1100)

" FIND THE OLD ORDER OF X

DO 10 I=1,N
CTXCCICINI=R(I)
/CONTINUE

,;caLCULnE THE G ﬂND JT (70 20)

P=0

D0 20 I= LN

IF (D(I,4).EQ.0) THEH
U= TX(D(I,I)) ' :
ELSE

U= TX(D(I,I)) TX(D(I 2))

.~ ENDIF
e tﬁLCULnTEiTHE‘PULYNUME :

GT 0.0

- DO 30 «J= 1,10

GT—GT*U+PU(J,D(I,3))
CONTIHUE .

OBTHIH THE JT

T1=0.0
DO 35 J=11,20

TI*TI*U+PD(J;D(I,3))

,‘CDNTINUE
‘JT(I)=GT*U—TI

]foBTQIN THE G

lP P+.|.

GPI=GT -~
IF (D(I,4).EQ. 0) co TO 20

P=P+1

G(PY=-GT
 CONTINUE

bBThIN[THE NZO

1o 40 1= 1P
.NZO(I)—G(NZPC(I))

CONTINUE

' UPDHTQ THE NZ
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P=0

DO 50 I=1s mo

“IF (BTOL(NZP(I))) THEN-
- p=P+1

~ NZ(1)=NZO(P)

ENDIF

’ CDNTINUE
'UPDQTH THE BR

-~ P=0

DO 60 I=1;N

~'IF _(BTOL(BP(I))) THEN
P=P+1

BR(IY JT(BPC(P))
ENDIF

CONTINUE
RETURN

END

FILE NﬁME UPI

THIS SUBROUTINE: IS USED 0 UPBHTH THE INPUT
OF THE MAIN CIRCUIT. ASSUME ALL-OF THE.
' SUBCIRCUITS HERE HAVE ONLY - THO PORTS.

S O00000000

CNZOC(D)= EO(NZGC(I))

' SUBROUTINE UPI (NZG»Y;N;N;HZGIC;EG,EJ,E,BG,BGC-NZ;BR)

.‘REﬁL NZ(3100),BR(1100),EG(IOOO),
‘EJ(1000).”20(2000),E0(2000) BRO(1000)

"INTEGER NZGC(EOOO) BQC(lOUO);
P;I,Y N,

BIT NZG(3100),B0(1100)’E(1000)

CthULﬁTE THE EO

P=0
DO 10 I=1,Y
P=P+1 ,
EO(P)=EG(I) -
- IF (.NOT. (BTUL(E(I)))) GO TO 10
- P=P+1 :
EQ(PY=-EG(I)
. CONTINUE "

© 'OBTAIN THE NZO0

DO 20 I=1;P
CONTINUE

UPDATA THE NZ
. P=0 .
DO 30 I=1,M




IF (BTOL(NZG(I))) THEN
P=P+1
C O N2(1)=N20P)
. ENDIF
30" ~CONTINUE

C - OBTAIN THETBRU.

, DO 40 I=1,Y :
. BRO(D=EJ(BAC(I)
40 CONTINUE |

c - UPDATA THE BR

- P=0.
DO 50 I=1,N ,
IF (BTOL(BO(I))) THEN -
P=P+1
_ ~ BR(I)=BRO(P)
. CENDIF - -
50 CONTINUE"

“RETURN -
“END.-

FILE NﬁNE LuM

,‘i THIS SUBRDUTINE IS USED T0 DO THE LU
. DECOMPOSITION FOR MATRIX A FOR MAIN = -
-~ CIRCUIT. ﬁND SULUE THE VECTORS ¥ AND X.I.

coaonaono

‘suﬁnoufins LUM (NZ%s BRs By RsN)-
ROWWISE B(1100,1100)

S REAL NZ(3100),X(IIOO);Y(1100)aBR(1100);SUM.
el TU(llOU);TL(llOO) ’

IR 'VIINTEGER R(llUU);HoIonK,GL,GU,G,
: 1 GGﬂPsDDvH.,;

w , BIT B »
SC FIND THE FIRST ELEMENT UF Y

| ,,'f?v(1) BR(l)/HZ(l)
© . CALCULATE THE FIRST ROW OF U

D0 10 W=2N
“IF (BTOL(B(1,W))). THEN
Q=G+ :

: : NZ(G)—NZ(G)/NZ(I)

- ENDIF

10 . . CONTINUE"

S ,v';no LU DECDMPOSITIUN AND ) CALCULATE X ¥ (TO 20)




35

30
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- DO 20 K=2,N
' GENERATER THE UECTOR TU

DO 30 I=1»K-1 . -

IF (BTOL(B(I.K))) THEN -
QU=R(I)~-1 -

DO 35 P=1,K ,
IF (BTOL(B(I;P))) QU=GBU+1
CONTINUE .
TUCIY=NzZ QW

ELSE -

TU(IN=0.0"

ENBIF
CONTINUE. -

CALCULATE THE KTH COLUMN OF L (TO 40)

DO 46 I=K,N
IF (BTOL(B(I,K))) THEN |
GL=R(D-1 v

antULaTE THE SUM

SUM=0.0 -

DO S50 P=1,K-1

IF (BTOL(B(I,P))) THEN
QL=QL+1 -

IF (BTOL(B(P, K))) SUN NZ(GL)*TU(P)+SUM

ENDIF -

. CONTINUE

DBTQIH THE L

QL=0L+1

NZ(GL)=NZ(QL)~ SUM
ENDIF :

- CONTINUE
CALCULATE THE ¥

.SUH=0;0

DD=R{(K)-1
DO 60 J=1,K-1

~IF (BTOL(B(K»J))) THEN
. DD=DD+1

SUM=| NZ(DD)*Y(J)+SUM
ENDIF :

CONTINUE

Y(K)=(BR(K)=SUM) /NZ(DD+1)

* GENERATE THE UECTOR TL

QL=R(K)-1
D0 70 I=1,K-1

IF (BTOL(B(K,I))) THEN
QL=0L+1 :
TLCI)=NZ(QL)

ELSE




70 /
" CALCULATE THE KTH RO OF U (10 80)

100

80

110

IIBU

._.ao

130

TL(I)=0.0

ENDIF
CONTINUE

CIF (K.NE.N) THEN

DO 80 J=K+1sN
IF (BTOL(B(K5JJ))) THEN

- CALCULATE THE SUM-

SuM=0.0

DO.90 I=i,K-1 -

IF (BTOL(B(I,J))) THEN
QU=R(I)-1

DO 100 P=l,J

IF (BTOL(B(I,P))) QU=aU+L

CONTINUE

-SUH‘NZ(QU)*TL(I)+SUM

ENDIF"
CONTINUE

"DBTAIN THE U

' uu—uL

DO 110 P=KsdJ-
IF (BTOL(B(KsP))) QU=QU+1

o - CONTINUE -
'NZ(GU) (NZ(GU) SUM)/NZ(GL+1)

ENDIF
CONTINUE
ENDIF
CONTINUE

= CHLCULHTE THE X

X(N) Y(N)

- DO 120 K=l N 1

FIND THE INDEX OF U

L=N—K

“@8=R(L)~1
DO 130 P=1sL

If (BTOL(B(L,P))) 00=00+1
CONTINUE =~

CHLCULHTE THE SUM ’1

8UM=0.0 -
DO 140 P=L+1sN

IF. (BTOL(B(L, P))i THEN

. QR=QQ+1 .-
- -SUM= NZ(GG)*X(P)+SUM
ENDIF
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140 CONTINUE
c OBTAIN THE X -
C mmmmmmmmmee ‘
XCL)=Y(L)-SUM
120 CONTINUE
RETURN
END
C
C
c FILE NAME OUT
C v .
c THIS SUBROUTINE IS USED TO OUTPUT THE
c FINAL RESULTS OF MMNA PROGRAM.
€ | MHNA P :
C.__..
SUBROUTINE OUT (NsNSjY¥»XsXS,T1)
REAL T1,X(1100),XS(1000,10)
INTEGER NsNS, IsY
WRITE (6,4) Y
WRITE(Gs 1) (X(I+Y-1),I=1,N-Y+1)
WRITE(G,2) (XS(1,J)»J=1,NS)
WRITE(S,3) T1
1 FORMAT (/25%,#THE FINALE RESULTS OF THE MAIN NETWORK#//
10X, 5F15.8//)
2 FORMAT (/25%,#THE FINALE RESULTS IN THE FIRST OF SUBNETWORKS#//
20X, 4F15.8/7) » B
3 FORMAT (////35%, #THE TOTAL CPU TIME®//35X,#T =#;F18.10/)
4 FORMAT (~/~//30%»#THE NUMBER OF SUBNETWORKS IS#,18//25Xs

#**************************************************#/// )

RETURN
END
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APPENDD( E: THE PROGRAM FOR GENERATING
INPUT DATA SETS ' -

This program generates the input data sets for 500 1dent1cal subclrcults m

the circuit being srmula,ted



Hrlvizinieieizinin iR

v

FILE NAME IHP

" THIS SUBROUTINE IS USED TO CENERATE THE DATA OF THE

EXAMPLE CIRCUIT. LET:THE SYMBOLICA PROCESSING AND THE

ROW CDLUMN EXCHRNGING 'HAVE BEEN DONE HERE.

[Srgrw

s

SUBROUTINE INP (IBR, IBRSsXsXSs INZs INZS, By BS»Ry RS, Ds DSs CI,CIS, -

H’MS,NZP’NZPC,NZPS’NZPSC’NZG’NZGC’E’BP,BPC’Y’BPSoBPSC’
BGyBQC’NL,NLS,N,NS,POvBPG’BPPoBPU)

;RDNHISE B(1100,1100),BS(10,10)

REAL INZ(3100),INZS(IOOO’SO),IBR(llOO)'IBRS(1000:10);X(1100),
XS(1000,10),P0O(20,5)

INTEGER N.NS,NL,NLS,M’HS’YyBPG,BPP¢R(1100)’RS(10) D(1094)’

. DS(4,4),CI(1100),CISC10), NZPC(EO).NZPSC(S):HZGC(EOOO);BPC(lO)-
‘BGC(IOOO)»BPU(1000).BPSC(4).BB(10),RR(10) ‘

BIT ByBS,NZP(SIOO),NZG(SIOO),
E(1000).NZPS(SO).BQ(llOO)yBPS(lO),BP(1100)

READ(5,1) Y

FORMQT(1014)
REHD(S,I) (CI(I+Y),I 1,9)

’,REQD(S.I) (RR(I),I 1,8)

 'REan(5.1) (RS(I),I 1,8 :

,M 3*Y+35

- MS=27:

- N=v+3
‘NS=8 -

NL=2

Ns=2 '

005 I=L.N
D05 J=1,N -
B(I,J)=B#0%

CONTINUE -

DD B.I=1Y .

B(I,I)=B#1#

‘B(I,Y+8)=B#l#

B(N, I)=B#1#
CDNTINUE

'DO 7 1=1,9

READ(S5, 1) (BB(K)’K'I 8)
D07 J=1,9

‘IF (BB(J).NE. 0) B(I+Y,J+Y)—B#1¢

po 8 I1=1,8

“READ(Sy 1) (ﬁB(K):K—l.S) o

DO 8.J=1,8

IF- (BB(J) NE.O0) BS(I.J)—B#I#
-DO 9 I=1,Y

R(I)=2%I-1

,INZ(E*I 1) =-1.0
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INZ(E*I) 0 0
INZ(E*Y+I+31) 1.0

READ(5,2) (IHZ(E*Y+I),I 1,31) »
READ(S5,2) (INZ(B%Y+I+31),1=1,4)
READ(5,2) (INZS(1, 1)+ I=1,27)
FURMQT(SFIO )]

Do 10 I= 1,2
READ(5, 1) (DI, J)sd= 154)

READ(S, 1) (DS(I»J)sd= 1)
vCONTINUE

Do 11 I= 1,

NZP(1)=B#0#

NZQ(I) =B#0#

D0 12 I= l,N
BP (I)=B#0#

' BACI)=B#0% “;“
D0 13 1=1,8

CIS(I)=1 v
BPS(I)-B#G#

D014 121,27
»;NZPS(I}=B#0¢

B0 15 I=1,Y
CI(I)=1+9
NzZ@C(Iy=1

NZQ(2%] )=B#1#

" BPU(I)=Y+8 -~

BA(Ty=B#¥1#

- BAC(I)=1
ECD=B#0#

D0 16 I=1,4

©ONZPC(D=I

NZPSC(1)=1 -

BPC(1)=1

BPSC(I)=1

NZP (2%Y+4)=B#1%
- NZP(2%Y+5)=B#l#

“NZP (2%Y+28)=B#1#.
‘NZP(E*Y+30)—B¢L¢

NZPSG3)%B¥1# '
NZPS(4)=B#1#

 NZPS(B)=B#1¥
 NZPS(7)=B#1#

BP(Y+3)=B# 1%
- BP(Y¥8)=Belx

. BPS(3Y=Bx1¥
BPS(4)=B#l®

D0 17 I=1,¥
‘DO 17 J=1,8

‘TBRS(T, J)=0+0

®S(I, J)=0.0

DD 18 T=1;N
IBR(1)=0.0 -
X(1)=0.0



20

19

21

a2

a
a.
=S

OO OO OO e

o

BPG=8
BPP=2

IBR(Y+1)=15.0
IBR(Y+2)=0.7

_ IBR(N)=-1.0E-S

IBRS(1,1)=15.0

®S(1,1)=15.0
%S5(1,2)=5,0

" ®X5(1,3)=7.0

XS(1,4)=4.0
DO 19 I=l,Y

. D0 20 J=1,27
L UINZS(I, JI=INZS(L, D)
XS(1,2)=XS(1,2)

®S(I,1)=XS(151)
®S(I,3)=X5(153)
®S(1,4)=KXS(1,4)
IBRS(1,1)=IBRS(1, 1)
CONTINUE

Do 21 1=1,9
RCI+Y)=2%Y+RR(I)

X(Y+1)=15.0
K(Y+3)=6.0-

X(Y+2)=14.3"

X(Y+8)=5.0

DO 22 I=1,20
DO 22 J=1,2
POCI,J)=0.0 .

PO(10, 1)=0.001
PO(1951)=0.001
PO(20, 1)=0.0005
PO(2y»2)=2.205
POC(11,2)=0.245
P0C10,3)=0,0002
PO(19:3)=0.0002
PO(2053)=-0.000005

RETURN

END.

2 35 6 7 8 4 3
2 4 7 11 15 21 28 32
2 3 6 -9 13 18 22

o o 0 0 0 0 0 O
1.0 6 0 0 0 0 O
0 1 0o o0 1 -0 0 O
1 1.1 0 1 0 0 0
1.0 1 1 1 0 0 0
o 1 .t 0 1 0 1 1
o 1 .0 1t 1 1 1 1
0o 1.0 0 1 0 1 1
60 1 0. 06 1 0 1 1
0.0 0 0-0 0 0
£t 6 0 0 0 0 O
‘1 1 0 0.1 00
1701 0 0 1 0

0 1 0.1 1 0 0
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