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sparse if order r=n’ "7, 1<1. For most cluses of sparse matrices
occurring in connection Wwith electrical problems a value of v=0.2
or smaller is typical [4]. For many important sparse matrices (such as
banded matrices), the nonzeroes are evenly distributed among the rows,
There are, however, other highly sparse matrices (such as doubly
bordered matrices) where the pumber of nonzeroes in at least one row

is precisely n. Row sorting thus becomes a process of order . This

compares gquite unfavorably with all other operations with sparse
matrices, which tend to be of order n1*37 or less [4). A possibility
for overcoming this limitation s to use some “logarithmic™ sort algo-
fthm, such as quicksort or heapsort. The number of comparisons
required to sort each row is of order 5 log 7. This is an improvement
for matrices with some dense rows (such as bordered matrices) bot in
g=neral can be expected to be undesirable for short rows. =
It has been determined by the authar thet & much more efficient
- algorithm for sorting an arbitrary sparse matrix is a process which can
be called a “dmultaneous radix sort™ This algorithm works by de-
stroying the row linked lists to form column linked kists with row
indices and then it destroys the newly formed column linked lists to
reform the row linked lists with column indices. I the temporary
column linked lists are accessed in reverse order while reforming the
sow limked lists, then the elements removed from higher numbered
column linked lists will be added to the row linked lists before those

from lower numbered column lists. This will eventually place elements |

in the higher pumbered columns behind those with lower numbered
columns in their respective linked lists Fig. 1 fllustrates a2 Fortran
implementation of the algonthm by two consecutive calls to a sub-
routine xsort, the first to form column linked lists and the second
to reform the row linked liste. N is the dimension of the matrix,
RP is a vector of row head pointers, CP is & temporary vector of column
bead pointers, Cl is a vector of column indices (which is temporarily
also used for row indices) and NE is a vector of “next element” pointers
in the linked list. HI and H2 are dummy names within xsoxT, which
comespond to RP and CP or vice versa. An inspection of the algorithm
reveals that it is of order r and requires no comparisons among indices.
After suitable modification, the algorithm warks equa.ﬂy well if the
ordering is to be peformed onan uhtmy pe.tmunt;on of the column
indices.
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Reaslization of Two-Port Parameters
SUMER CAN

Abstract=A universal active-RC petwork is proposed for the realiza-
tion of two-port parameters. It is shown that by generalizing Brugier’s
network, it is possible to synthesize arbitrary current transfer functions,

transfer impedances, transfer :dnﬁttmwt.. driving-point ad mittances, as -

well a3 voltage trangfer functions, by using simple functional d ecompos-
tions. Compuring to the gimilar realizations, the p'ropond netwo:k
offlena ndnctwn in the number of active elements,

. IxTRODUCTION o

| An activeeRC petwork contazining two operational amphﬂm which
can be used for the realization of arbitrary voltage transfer functions
has been given by Lovering [1]. Recently, it was sthown that s generaliza-
tion of Lovering’s circult results in an active-RC network [2] which can
be used to realize an arbitrary function as any of the five two-port
parameters: driving-point admittance, transfer admittance, transfer im-
pnda.n::. current transfer funcﬁon.md voltage transfer function.

Manuscript recetred F:bru.trr 23,1979%: rwhed Aprll 20,197%.
The suthor is with Litton Srnem (C.uuda) Lid., 25 Cltrdew Drive,
Rexdale, Ontsario, Canada M9W SA7,

- 1363

Ag)

S
: v w7 lvz ’,

Y2 LH

Ys

] 4
m.x.ri .
"

Another active-RC network containing 3 single operational amplifier,
which can be used for the realization of arbitrary voltage transfer func-
tions has been given by Brugler [3]. In this correspondance, it is shown
that the above mentioned network can also be used to realize arbitrary
transfer admittance functions. Furthermare, it is shown that the gen-
eralization of Brugler's circuit results in an active-RC network which,
with the traditional simple functional decompositions, can be used to
realize an arbitrary -function as any of the five two-port p:.n.met.:n
mentioned above.

ReEaLzzZATION

The circuit shown in I-‘i;. 1 is essentially the network proposcd by
Brugler [3], where the conductance G is arbitrary. The volu,ge transfer
function is given by

Vi Yi-Y;
— (1)
- Vi Yy-Yy4
provided that
Yi+Ys+Ys=Ya+Yy+Ys. ¥))]

- The use of this network to realize an arbitrary ratio of mtional poly-

nomials in the s-<domain as a voltage transfer function is well known.
The transfer admittance for this circuit is

¥ & FI: Y: =Y
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30 that the synthesizing a.rbxtn.ry transfer admittances is essentially the :

mme as that for the case of voltege trangfer functions.

Howewver, generalizing this network (as shown in Fig. 2 where G is the
arbitrary conductance) results in a circnit whose voltage transfer func-
tion is again given by (1). However, theinput admittance is

L YarYy=Yy-7,
S ug2 3L T8¢ )
l"; Y3-Y4 s H

The decomposition of an arbitrary ratio of rational polynomials in the

7-domain into a form such as this is well known [4]-[6]. Thus the net-

work in Fig. 2 can’be used to rpalize arbitrary driving-point admittances.

fulithemon, the other two-port parametens for this circuit are as
ollows.

Current transfer function:
{iu i Y‘ = Yz (5)
I Yi+Ys=-Y;=-Y3
(8
Transfer admittance: _ =
I Y;-Y i
B,pliTn ©
Vl Yy=-Yq.
Transfer impedance
Va Y1-Y,

.. . .M
I G(Y;+Y4=-Y3-Y3) .

Although the analytical expressions for two-port functions of the net-
work in Fig 2 are similar to the expressions obtained from the network
which has been proposed by Bobrow [2], the mijor advantage of this
alternative approach s that it uses Jess number of active elements.
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Fig. 2.

Since the proposed technique removes all the restrictions on the type
of the sealizable two-port functions, this circuit may find a variety of
applications where the realizability of a certain type of two-port func-
tion is of interest, rather than the sensitivity of the subsystem. In these
cases, the proposed circuit is desirable from the viewpoint of less restrie-
tions imposed on the type of functions to be realized.

ConcrusioN

The pew petwork allows the realization of arbitrary functions as
_ driving-point admittance, transfer impedance, transfer admittance, and
current trander function, as well as voltage transfer function, by a direct
and dmple technique. Because the proposed network can be used to
realize any one of the five two-port parameters mentioned above, it
cn be called a universal active-RC network. Compared to & recently
proposed network [2] employing three operational amplifiers, the new
network offers a reduction in the number of necessary active elements
for a similar realization. A reduction in the number of passive elements
c2n also be obtained using the rules described in [7] for the realization
of high-order two-port parameter,
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On the Determination of Device Noise and Gain Parameters
MARIO SANNINO

Abstract~The least-squares fitting of measured noise figures and gains
vepuws input termination admittance is an established procedure to
determine linear two-port noise and gain parametens. Unfortunately,
the method is liable to the seniows incomvenience of ylelding often
emoneous results or even results without physcal meaning. Some
crteria xre suggested which allow the ing out of measurements
in such a2 manner a3 to rafely avoid the above drawbacks.

It is known that the noise figure of a linear two port can be related to
the input terminstion (source) admittance Y, = G, + /B, through the
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1Y, - Y, B
F(Yp)=Fo+Ry—2 "2 m

where the minimum poise figure Fp, the optimum source sdmittance
Yo = Go +/Bo, and the noise resistance R, are the two-port nobse
panmetens. .

In 1969, Lane presented a computer-aided analytical method to deter-
mine the above parameters [1], which affers many adyantages from
convenience viewpomts as
compared with the praphic procedures suggested exlier by the IRE
Subcommittes on Noise [2]. :

Lane's method is an spplication of the Jeast-squares technique which
reduces the derivation of the noise parameters 1o the solution of & four
linear equation system obtained as fit of some (redundant) measured
noise figures versus source admittances chosen without stringent rules.
The procedure is also used to derive gain parameters, and recently, it
has been shown in describing a fully aufomated computer<ontrolled
noise and gain measuring system [3]. ; '

Unfortunately, the method, in spite of its advantages has not always
been received with favor by experimenters, becsuse it is liable to the
scrious inconvenience of yielding often erzoneous results oz, in some
€ases, even results without physical meaning. On the otber hand, this
was noted by the aothor himself, who consequently concluded his
paper by inviting suggestions for a more sophisticated data processing
technique with lower error sensitivity,

Actually, under same experimental conditions, Le., depending on the
admittances chosen to perform mezsurements, the ill-canditioning of
the coefficient matrix of the equation system to solve may occm, with
a consequent large increase in the emor sendtivity,  In this cxze, the
only way to obtain comrect results is to repeat all the measurements
for different values of the source admittance,

Allowing for the above consideratians, the present note may prove
useful in that:

1) it shows that the above mentioned {l-conditioning sitnation occurs
when the chosen admittances do lic in the neighborhoods of some
gingular loci on the Gy, B, plane;

2) it proposes JOome measurement criteria to follow in order to surely
svoid such drawbacks, together with suggestions for practical application
of these cxiterda. i

To prove this, let us consider the symmetric coefficient-matrix of the
fowr lincar-equations system which is to be salved in accordance with
the lem-tqu.mu method a3 apphied in [1]. It is given by

n (ojx = ax)) |
Ferd)gld)
ta E0E) Fz | °

where n is the number of the sets of rimental data F;, Gy, By
processed (with = 1 + n1), i e

By inspection of this matrdx, some values of the input termination
admittance ¥, can be recognized which can cause the matrix to become
singular, in which ease, solutions do not exist because the surface (1) i
not completely defined, In general, singularity of the matrix occurs far
every locus.of Y, which represents a projection on the plane G,, By
(or on the Smith chart) of a curve which can be thought of a3 21
intersection of the panabaloid F(Y,) given by (1) with other ones of
the zame family,

Some of these values are the ones for which & calumn (row) is pro- |
portional to another one or can be obtained as a linear combination of
other ones. Therefare, loci of Y, which cause gingularity of the mstrix
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