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ABSTRACT

Finite difference methods have been very successful for partial
differential equations dominated by the Laplacian operator, such as those for
diffusion and wave motion. However, when the firsc~derivative convection -
operator becomes important, standard central difference methods lead to
incomprehensible wiggles or confusing noncenvergence —— and are thersfore
clearly defective. There have been various opinions on sultable remedies, one
of the most papular being to use highly stable one-sided upstream differencing
for the convection term. But the artificial diffusion of such methods leads
to low accuracy. Nevertheless, proponents have "justified" upstream
differencing (or upstream-central hybrids} by a variecty of arguments —-
unfortunarely, all fallacious! Much confusion has stemmed from a muddling of
the meaning of truncation error. When it 1s realized that ''standard" central
differencing for the Laplacian vperator is a third order method, and that
central difference methods (of amy order) lack inherent stability for
wodelling odd order derivatives, the consistent third order convective
differencing scheme is seen to be optimal in terms of accuracy, stability, and
simplicity.

INTRODUCTION

Computational Flufd Dynamics {CFD) is stdll a relatively young sclence.
And, as with any new endeavour there have been blind-alleys, band-wagons,
break-throughs, and battle-grounds. True success often requires as much ATt
and Intuition (A & I) as Science and Technique {5 & T} — not to mention
R & D. Modern computer {as opposed to computational) technology, in terms of
gpeed aod volume and output hardware, is particularly impressive -- and can
easily be abused! Sophisticated graphiecal or tabular presentations can often
disguize & wealth of mindless number crunching — very often achieving
nothing better than old-fashioned Back~0f-Envelope (BOE) order—of-magnitude
estimates. Undoubtedly there are finite differences of opinion on the
relative merics of the new methods as compared with time-tested design
techniques which were often set by BOE-ing (particularly in the aircraft
industry).

Again perhaps because of the youth of CFD, a good deal of folkliore and
mysticism has developed to explain away otherwise incomprehensible phenomena —




especially those assoclaced with the imcomprehensible defective coufusion
equation. Usnfortunately the lore is sometimes percelved as law and the
mysticism can develep iunto religlous fervor, creating camps, cliques, sects,
schools, and even empires. It is fascinating to watch the development of the
subject as otherwise entirely rational sclentists, perhaps confused by some
particularly incomprehensible defect in their early attempts at CFD wmodelling,
latch onto what appears to be a particularly attractive band-wagon (''because
it works") and not only don't let go hut start blowing thelr own trumpet as
loudly as possible to attract others to their “discovery" (and perhaps to
drown out any opposition). o

At the risk of dampening the festive spirit, this paper 1s addressed to
workers using the finite glement technique, warning them to beware of a well-—
known band wagon (featuring particularly Loud and Overpowering Trumpeters of
Onusual Stamina) which has already led many previously wiggle-worried finite-
difference workers into an artificially diffuse state of dreamy contentment.

The LOTUS syndrome is strikingly consistent in the way it ensnares the
unsuspecting £inite differeace modeller. In hls early studies, the typlcal
victim has received formal indoctrination in the beauty, power, and accuracy
of what are usually called "second order central difference” methods. Every-
thing seems terribly easy. He quickly forgets how to manipulate Bassel
functions and spherical harmonice (with good riddance, he says, because you
couldn't treat '“real-1ife" boundary shapes with them anyhow) as he solves
practical problems in unsteady heat conduction, ground-water diffusion,
neutron transport, shallow-water wave motion, and a host of other Laplacian
dominated problems, His success with ground water and tidal flow encourages
him to zelect a CFD topie for his Ph.D. project — perhaps a "relevant”
gubjeet like pollutant dispersal by advection. He tools up his central
difference code and presses "RIM,"

Several months and hundreds of overflow messages later, our would-be CFD
modeller iz convinced there are no programming bugs in his code. But it still
wor't give him numbers. He tries some test problems, such as the one-
dimensional steady convection and diffuwsion of a scalar between two fixed
boundary conditions. Hooray! -- numbers! But when he plots the results, he
{ust gets wiggles, wiggles, wiggles!. By changing sowme parameters, he finds
that he gets wiggle~free sclutiona when he increases the amount of physical
diffusion — althowgh he notices that the computed results look something like
an exact (exponential) solution with a smaller diffusion coefficient. It's
as if central differencing (of the convection term) introduces some effective
negative diffusion. This might "explain” the instabilities at smaller values
of the physical diffusion {he thinks).

In his continuing literature search, our perplexed graduate student notes
that other researchers have experienced similar problems with wiggles or
nonconvergence, and often get around this by using one-sided upstream-welghted
First-order differencing —=— with or without further justification (other than
"it works™). He tries it on the test problem, and it certainly always gives
wiggle~free results -— but a bit over-diffusive looking. On digging further,
he cowmes across the concept of false or artificial numerical diffusiom (or
visecdsity), which a quick BOE estimate suggests might completely swamp any
physical diffusion in the kind of problems he's interested in. Attractive as
it may be, he worries about the legitimacy of pure upstream differancing.

On chatting over this problem with his thesis adviser one day — {.e.,
vpstream differencing's positive false diffusion is opposed to central
differencing's apparent negative diffusion effect — they hit upon a brilliant
idea: why not welght the convection term, partlally central and partially
upstream, to balance the positive and negative diffusion effects? When
tried or the test problem, the technique seems to need an adjustable
welghting factor, depending on the physical diffusion-to-convection ratio
and the spatial step size., By matching to the exact exponential solution,
they can get an optimal albeit rather expensive, weighting which glves exact

‘results (for this problem)}. An inexpensive suboptimal algorithm is easily

‘devised however, which gives results which are almost as good.
Of course the weighting has been devised for a rather special ome-
dimensionzl test case. It 1s realized that for a two-dimensional problem, the
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expomential solution mz2y not be quite appropriate. However, the student and
his adviser convince themselves that it is better to use a difference formula
which reduces to the exact form under some conditions rather than one which
hardly ever does {which is the case for pure upstream or pure central ’ ’
differencing, they say). They feel quite content that this is sufficlent
justification to legitimize the algorithm. They crunch numbers, publish, and
tell all their friends about their great discovery. The LOTUS syndrome has
set inl
The natural question at this point is: what's so bad about the weighted
upstream-central idea? [The Justificatjon sounds reasonable. It has in fact
i beer independently {(re)discovered by several highly qualified researchers.
And it seems to gilve plausible looking results.} One of the main aims of this
paper is to answer thils question. Essentially, under (even only moderately)
convection~dominated conditions, the algorithm reverts to virtually pure
upstream differencing. Even this has been defended as being entirely
appropriate; and it is —-- for the particular test problem on which the
. algorithm was based. But to the extent that conditions differ from those of
3 the test problem, the technique suffers from the =ame low accuracy (or an
- equivalent false diffusivity) as pure first-order upstream differencing. Some
other test problems will be suggested to show up the defects. But first, some
of the mysticism surrounding the reason for central differencing's wiggliness
must be dispelled. It turns out that some folklore concerning truncatiom
error also needs to be repelled. And this leads maturally amd logically to a
development of finite difference formulas for both diffusion and convection
‘with a consistent (high)-accuracy and inherent stability against wiggles.

TR TR

NEW PERSPECTIVES ON SPATTAL TRUNCATION ERROR

So~called "second" order central differencing has certainly been
tremendously successful for Laplacian-domipated problems such as diffusion and
wave motion. A skeptic might ask: why? The correct and concise answer is:i
because it's a third order method. The popular use of the term "second"
order is a little bit of folkloric jargon which has crept into computatiomal
physics due tao confusion of the discretization error in the Taylor series
expansion of a derivative with the global truncation error in the sclution.

It is the lattef which is of interest, of course.

The classical Taylor series analysis of the accuracy of the central

second difference as an approximation to the second derivative at the ceantral
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And as Ax + 0, tha left hand side differs from the second derivative by terms
of order Ax2. The "second” order accuracy refers to the accuracy of the
operator —— not to the accuracy of an algorithm using this operator to solve a
differential equation numerically. The "order” of a pumerical algorithm is
classically defined to be the highest degree.(P, say) of a polynomial ¢P[x)'
for which the algorithm is exact; local truncatioan error im an actual
solution 1s then of order P + 1 and global truncation error is again P. 3Since
the discretization error in {1} invelves fourth and higher order derivatives,
the left hand side is an exact representation of the second derivative for a
third order polynomlal. Hence an algorithm using this difference operator is
. a third order algorithm (as far as this operator is concerned), giving a
solution with fourth order leccal truncation error and third order global
truscation error. Of course, errors of lower order miy cccur due to other
modelled terms in the poverning equation or to the use of lower order boundary
conditiopns == the latter being a commop mistake for the case under considera-
tion. Naturaily, this idea generalizes to two and three dimensions. The well-
knowm five-point Laplacian operator in two dimensions generates a solution
with third order accuracy (in terms of global truncation error); it is exact
for a general cubic function of x and y.
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Compare now a central differemce expression for the first derivative. In
face, it is advantageous ta form the convection term - u(3$/2x) for comparison
with a normalized diffusion term given by the (positive) gecond darivative
(with a diffusion coeffiecfent of unity). Thua,
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This counvective differeunce operator is usually claimed to be consistent
with (1) —- because of the same powar of Ax appearing in the discretization
error. But this operator really i8 a second order accurate operator (when used
in an algorithm for ¢) bhecause of the $'’’ leading-order discratization error
term {i.e., it 1s exact only for a quadratic -- not a cubic, as 1z the case of
the second central difference). Thus the use of (1) and (2) in an algorithm
te salve the convection-diffusion equation is mot a consistent methaod in terms
of the order of the overall algorithm. It is third order for diffusion-
dominated flows and second order for the high convection regime. Of course
there are other problems as well, having to do with numerical stability, as
explained in the next sectiom.

For reference, conaider the case of the one-sided first difference

b, = B, o
_u[__iﬁxil] = —u (%i-)i %qli' L\x+HOT] (3)
or
bieg T ¥y FE 1.,,
-u| = = -u (ax)i"'i"’i Ax + HOT &)

As ig the case for any finlte difference approximation to a firgt derivative,
tha order of the discretizatlon error {in this case, first) 1s the same as that
of an algorithm using the operator. In this case each of (3) and (4) {s exact
when ¢ igs a linear function of x. These are truly first order operators.

Note that the leading-order discretization term iz equivalent ta a physical
diffusion term with an effective diffusion coefficient of

ulx
Lum = (5)

This, of course, i3 one explanation of the stability of upstream {(first-
order) differencing. By choasing (3} when u > 0 and (4) when u < 0, the
discretization error terms are always stabilizing. Unfortunately, they also
interfere with, corrupt, and may dominate the physical diffusion terms. Tha
appropriate paramster iz the generalized cell Péclet number (or Reynolds
number, atc.) glven by the ratio of discretized convection terma to
discretized diffusion terms:

uAx
B, = @ . (6)

whera Tis the effective (laminar or turbulent) diffusion coefficient. When
Fp = 2, the additional effective artificial numerical diffusion of first-order
upstream differencing is the same size as the physical diffusion.

Roughly speaking, 1f PA £ 1 the flow 1s diffusion dominated for
computational purpases. In that case, the form of the convective differencing
is not important —— first, second, and higher order forms give about the same
tesults. But for large values of uf T, it is clearly impracticable to require
a small enough 4x to keep Pp less than 1 throughout the entire computational
domain. This is where trouble begins, From a practical view-point, sacond=
order central differencing is potentially wiggly for Pp > 2; but this is the
regime in which first-order upetream differencing becomes seriously
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artificially diffusive.

Computationally, a flow can be considered convection dominated if
Py 2 5. In practical ealculations of Flows of engineering interesc, P, may
need to be 0(100); and In geophysical flows, the necessarily large spacizl
grid may mandate much larger Pp values, Clearly, it's important to have =z
convective differencing scheme which is hoth stable and accurate under these
high convection conditions. Interestingly enough, a& simple third order scheme
has both these properties, and of course remains uniformly third order (using
(1) for the diffusion terms} throughout the entire Pp range.

Consider the following:

_u [¢i+1 L R e T L T ¢i—z]

2h% 6Ax
- _ g 1 {iv) 3
u [( % )i + 12 ¢i Ax™ 4 HOT (7)
R T R e T T S
28% BAx
- - 2t 1 {iv) 3
ll[(ax )i 17 ¢i Ax™ + HOT (8)

4s seen in the next section, (7) is appropriate if u > O and (8) when u < 0.

"Thie i3 the basis of third order upstream-weighted convective differencing.

4n algorithm using this convective differencing scheme togsther with (1)} for
diffusion represents the consistently third order method — ir is exaet far

. @ eubic, for any combination of comvection and diffusion.

For reference, the fourth order ceatrally distributed convection schems
is

sl P T faer Paio T 2y t 28y, - “’1—2]
248x% 124x

ax 3

= - [(iﬁ) -% ¢§v) ax® + HOT] _ (9
which turns out to have stability problems similar to those of (2).
It should be clear that any particular finite differsnce approximation to
ap N-th derivative will always have a Taylor series expansion of the form

N M
le; = (——M ) + const (—--M ) ax! + mot (10}
N MEN
AX ax 1 ax 1

The global truncation error corresponding to this operator is then

P P
E- € = const[(-a——g—) —(—a—g) ]AxP-I- HOT (11)
ax 3x
Raf
whefe _
P = M+N-1 . : (12)

And of course € -~ E€Rar 1s idencically zero for a P-th degree polynomial. In
any speclfic case, the constant is (11) can be evaluated, and the expression
forms a good estimate for the global truncation error im the solution, using
any convenient P-th difference operators for the right hand side, if.e.,

My~
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€ - &, = const [APlﬁ - CAP'@)REf] + HOT (13

In the case of firat order upstream differencing, for example, the
constant 1s 0.5 and P = 1. This represents very severe truncation error if
there is any deviation in the solution away from a linear function of the
spatial coordinates —— unlesa the grid is so fime that the (first) differences
in (13) are everywhere quite small. With the consistent third order method,
(13) indicares that extremely accurate solutions can be obtailned with very
practical grids. ~

NUMERICAL STABILLITY

The confusion about trumeation error has led many pecple to expect that
since central differencing for the Laplacian operator is so accurate, then
central differencing of convection as given by (2} should be similarly
aceurate —— based on the (erroneous) concept of "second~order consistency"
setween the two operators. Of course, as explained in the previous section,
central differencing for the first derivative is formally lesa accurate (in
terms of the solution) than that for the second derivative. But this is not
the main reason for the poor performance of central differencing for the first
derivative. The problem is that ceniral differencing {(of any order) has neo
igherent "numerical stability" when applied to derivatives of odd order.

To develop the concept of numerical stability, consider the wmodel
incompreassible convective diffusion equation

2 .
3 _ M e
at ux T ax2+s (14)

where § represents a catch-all term to account for anything else not
explicitly shown in the other terms. Focus atteotion on a particnlar grid
point, 1. If the laft hand side (LHS) of (14) represents 3¢4/3t, then the
modelled RHS represents net Influx and source terms creating the change in

$4. If there wers numerical errors in the RHS, then from (14) ¢35 would
increase or decresase erroneously. In a stable algorithm this chauge in ¢4 dua
to errors ian the RHS should feed back negatively inte the RHS as a self
correction deviee. Clearly, for this kind of numerical astability it is
necessary that :

3 (RHS
:1-F)

i.e., thar the sensitivity to ¢; of the combination of modelled terms on the
right hand side of (14) be negative. Now, look back at the LHS of equatiop
(1). The sensitivity of the centrally wodelled second derivative is -2/0x%;
and since T is (supposed to be) always positlve, the numerical stability of
this operator is good. '[By the way, if T itself is computed from a wiggly
algorithm, it mat never be allowed to take on unphysical negative values --
for obvious computational reasons!] But now look at the LHS of egquation (2},
Where's- $4? Nowhere! Sensitivity is zere. Stabiliry is neutral. Ia Fact,
34 can drift all over the place and central differencing of convection can't
do anything to correct it. This iz the basic cause of wiggles. Iun a
control-volume formulation, the sensitivity actually becomes poasitive (i.e.,
strierly unstable) in regions of decelerating £low.

<0 (15)

INFLUX = o 2 - U 7 . (16)

In a general flow, such regions act as wiggle sources and can easily lead to
total numerical catastraphe.

Hote that higher order cenirzl difference methods are neo better in this
regard — where 1s ¢, dn equation (9)? Again, this fourth order operator has
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neutral pumerical stability. The same is true For the fourth order model of
the third derivative. 1In fact, as stated before, finite difference models of
odd order derivatives using ventral differencing of any order lead to formally
neutral numerical stability; and in practical flows using cnntrul—vnlume
fn:mulanians, there will always be destabilizing regions,

Thare have of course been many finite differences of opinion on the cause -
of wiggles. The term "nonlinear instability" completely misses the hoat.
Honconstant coefflcients have been blamed; but these can either stabilize or
destabilize an essentially neutral operator. [Of course the destahilizing is
always more noticeable.] Roache [1] came close to identifying the basic
cause of wiggles. Unfortunately, in currently available editions of his
popular and influential book, he tends to confuse the practical criterien for
the absence of wiggles (which in the present terminology 1s P2 2) with a
suppesed von Neumann stability condition for the explicit fnrward—time-nentrnl—
space (FICS) convective diffusien equation. This condition (in Roache's
terminoiogy R, < 2, emphasized several times throughout the book) is hased on
an erroneous analysis of the FTCS equation by Fromm [2]. The correct
von Neumann condition is the right-hand inequality in the following

2Zc = P

£

0|k

& an

where ¢ = uAt/Ax is the Courapt number. [The left-hand inequality is the
diffusive restriction, TAt/4x? < 0.5.] Clearly, (17) is much less restrictive
than the erroneous 2c <€ Py < 2 condition. For one thing, (17) allows
arbitrarily large Fy values —— provided the time step 1s reduced appropria:ely.

'Frum a practical point of view however, the widely believed incorrect

"won Neumann cemdition” makes better folklore, and is appropriately defective
for the IDC equation, and certainly adde mystique to an otherwlse rather
mundane topie.

A Slight Digression

[While on the subject of folkleore, it is worth mentioming two other
topics wihich have faithful beldevers in opposing campe. One involves the idea
of "conservative" or "nonconservative" formulation. The other concerns
wvhether or not the algorithm should be explicit or implicit. Very often one
hears that "the problem was solved by a fully implicit conservative finite
difference method,"” stated with a conviction that could only meam that the
appropriate gods would look favourably on such a "safe" scheme. Actually, if
there are no physical source terms in the equation to be modelled, then a
strictly comservative scheme (no "effective" source terms in the modelled
equation) is appropriate. -With phyaical source terms (which will have their
own modelling errors), it doesn't mattér —— provided the overall errors are
within tolerable bounds of course. The explicit/implicit question is a Iittle
different. There are good and bad (stable and unstable, accurate and
inaccurate) possibilities within both categories. Certainiy, there is no
guarantee that an implicit method is going to be mafer or more economical than
an expliecit formulation which solves the same problem. In some cases the
matrix equations of an implicit formulation are solved by an explicit
iterative method — in which case the moot is mute.

Concerning economics {(1.e., computer usage), there's a particularly
unfortunate bit of folklore involving the misconception that "higher order
methods are exhorbitantly more expensive than lower order." This, of course,
is utter hogwash. Although, almost by definition, a higher order method
requires more operations per space~time grid point, the increased accuracy
allows a grid coarsening which greatly decreases overall usage (time and
storage) while g1l ipersasing global sccurzcy. Roughly epeaking, individual
grid-point computations inerease arithmetically (actually rather glowly)
while the corresponding reduction in the total number of space-time grid points
reduces geometrically. There are liwits, of course —— primarily human.
Algoricthmic complexity 1a 2 serious limitation. Any method which
simultaneously possesses accuracy, stability, algorithmic simplicity, and an




easily cbmprehended physical iutérpretatiou would seem to be optimal,
Interestingly enough, the present auther's third order metheds [3] just
happen to possess all these properties.]

Wiggle Remedies

~ Central differencing's penchant for wiggles has led to various finite
differences of opinion on alternatives. Roache analyzed wiggles in some
detail and pofinted out that they could be avoided by using one-~sided -
upstream-welghted differencing for the convection terms, but suggested that
this "remedy” is actually ficticious because the stability 1s achieved by the
effactive introduction of false numerical diffusiom -- i.e., one might just
as well ugte central differencing while arbitrarily adding artificial
diffusion, as given by {5),* to the physical diffugion. In coovection
dominated f£lows, this constitutes extremely heavy handed stabilizatfon —
somewhat akin to stabllizing a delicate instrument servomechanism by packing
the whole thing in heavy axle grease. In this Interpretation, most ressonable
people find first order differencing hard to justify. In terms of numerical
stabllity, it's easy to see why first order differencing is so stable. Both
(3) and (4) have strong sensitivity to ¢4, and clearly to satisfy (15), one
needs to choose (3) when u > 0 and (4) when u < O. .

If wiggles result from a downstream boundary condition, Roache has
suggested the possibility of relaxing the boundary condition (in the spirit of
singular perturbation techniques). This will work in certain model problems.
But the essential difficulty comes from the requirement of a suddem change in
value of the computed function. And this can cecur within the computational
domain when the physical diffusien is small. This is the favorite realm of
the unphysical wiggles of central differencing of convection-—dominated Elows.

Many others have had finite differences of opinlon on what to do about
wiggles and nonconvergence. In nearly all cases however, the remedy has been
to revert to some form of (essentially first order) upstream differencing
under high convection conditions. The variations are in the "juatificarionm,”
which ranges from the pseudo-phyaical argument of the Los Alamos group's
"donor cell" concept [4], and the "locally one-dimensional fallacy which has
been the basis of the Imperizl College Heat Tranafar Section's work [5] (and
is rapidly gaining acceptance in finite element techniques [6-10]) to simple
expedients which might be paraphrased as "it was necessmry in order to insure
diagonal dominance” [11] or, even more frankly, "it was necessary for
convergeat 'resulcs'” [12] (i.e., numbers as opposed to overflow massages).
The confusion of "necessary™ with “sufficient" is bad enough, but since when
have matrix equations needed to be diagonally dominant for a solution? They
may be easier to solve (s.g., iteratively); but there is aothing particularly
nasty about

0 1 1 x 1
1 0 1 x| = |1} (18)
1 1L 0 x, 1

And yat some people would undoubtedly want to dump this equation into a can of
{artificial) axle -grease.

Accuracy criteria have been correspondingly fuzzy, involving marginal
grid refinement, or fiddling with specified inlet conditions or other
adjustable parameters to give global correspondence with measurements. The
most successful applications of first order schemes often invelve flows which
are governed primarily by the kinematic constraint of incompressibility
(through an accurate preasure solver) together with empirical modelling of
boundary shear stresses (such as log-law boundary layers, for example).
Because of upstream differencing's inherent false diffusion, it is clearly
illogical and scientifically unsound to use it for testing delicate and highly
gophisticated turbulence models. But this doesn't seem to have deterred many
people from tryimg. Could it be that.poor numerics has hindered progress in
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turbulence modelling? There wust be finite differences of opinilon on this.

Other options have been explored by a number of fairly isclated workers
who form a sort of Anti-Upstream-Differencing Intelligentsla Encouraging
Numerical Computational Excellence [13-17]. But so far this loosely knit
group has not been able to attract a wide audience. Some techniques remain
based on second order central differencing with carefully controlled wiggle
filters. Others involve second order upstream differencing [18], which for
u > 0 can be written

[¢i Ll T ¢i—2]
-u iy +

x 24x
r
= —u I:(%i-)i - ¢i” it + HDT] (19)

and which i3 clearly highly stable. Somewhat imcomprehensibly, there has been
a good deal of interest in fourth order eentral difference merhods [19]1, which
however are almost as convectively defective as second order, as explained
earlier. Perhaps because of the confusion regarding truncation error,
consistently third order methods have not been explored very much (until
recently [3]). From (7) and (8) it can be seen that an upstream weighted
third order convection scheme is simultaneously stable and accurata. This is
by far the most logical and scientifically sound way of extending the success
of standard central differencing for diffusion-dominated problems into the
tealm of highly convective flows, It is hoped that this paper will help to
expand the auvdience for this philosophy.

UPWINDING LEGITIMIZED?

The concept of artificial diffusion intreduced by first order upstream
differencing is hased on the leading term in the Taylor series expansion of
(3) or (4}, WNow it may be thought that higher order terms might not always be
nepgligible and could possibly compensate for the dominmant term under some
conditions. TFigure 1 shows the steady one-dimensional convection and
diffusion of a scalar between two fixed boundary conditions. The exact
solution is an exponential with a length constant depending on the Péclet
number. The pure upstream difference solution of this problem (with the
physical diffusion term neglected) is ¢ = const (equal to the upstream
boundary condition). Clearly, this is an entirely appropriate solutiom for
Py % 5 — 1l.e., the high convection regime. It must be that conclusions
derived from the Taylor series expansion.of an exponential can be misleading
when the length constant is small., In fact, from Figure 1 it looks as though
upstream differencing is more accurate for higher and higher Fp's. This
appears to be a legitimate justification of upstream differencing under high
convection conditioms. For brevity this will be referved to as the SPALD
concept, since it was introduced in 1972 by a Self~Proclaimed Amateur in
Legitimate Diffaerencing [5]. .

It was natural for profeasional computational fluid dynamicists teo wan
to adopt any philosophy with a claim to legitimacy which would give bounded
results wicthout wiggles, and for this the SPALD philoscphy was admirably
suited. In fact, SPALD-ing quickly became almost universally accepted over
a far-flung empire, and remains very influential to this day.

At lower values of P, SPALD-ing requires a chamge-over from upstream
to central {including diffusion). The simple hybrid scheme of the well-known
TEACH code [20) simply ewiteches as Pp 2 2. More sophisticated weighting
techniques can gemerate very accurate solutlons of the test problem of
Figure 1. [But as shown later, in more realistic problems, acecuracy is
severely impaiced -~ even with "optimal" weighting.] Recently, SPALD-ing has
had a strong influence on the development of finite glement techniques,
spear-headed by a highly respected group at a well knovn institution. When
translated into finite element terms, the basic philosophy has the effect of
Suppressing Wiggles and Adding Mumerical Stability at the Expense of Accuracy.
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CONVECTION

-— v g - -

Figure 1. Steady convection and diffusiaon.

From Hogs to Herrings |

Under high convection conditicns {(Pp = 5) all first/second-order i
upstream/central-walghted schemes essentially revert to pure upstream '
differencing (with physical diffusion neglected). Defenders argue that under
such conditions, the dependent variable is swept downstream virtually
unchanped, (except very close to the next grid-point), and should have almost
no upstream effect, invoking the oft—-quoted “pigpen" analogy that farm-yard
olfactory information is moTe strongly carried dowawind than up. For example,
given the series of ¢ values shown in Figure 2a, pigpen enthusiasts would
interpolate a curve such as that shown in Figure 2b. But, to this

(a) ‘ C (b

Figure 2. Pigpen interpeclation.
author's knowledge, very few physical systems would show this kind of
behaviour —— 2 possible exception being that shown in Figure 3. It seems

fairly clear that pigpenm interpolatdion, and in fact everything to do with the
"justification" of upwinding, is really a red herring.
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Fugure 3. Example of upwind philosophy.
THE PROBLEM WITH FIRST-ORDER METHQDS

If one were to ask any professional draftsman to put an interpolation
curve through the points in Figure 2a, the result would undoubtedly be a good
bit more continucus than that in Figure 2b. If the indicated function were
supposed to be the sclution of a transport equation of the form of (14) —
with 5 representing transverse transport as well as actual source terms — it
would be of interest to see if upstream differencing of the convection term
would be consistent with the solution. Specifically, rearrange (14) to give

wtl = g* (20)

ax

where S* simply represents all the other terms. For gimplicity, assume
u = const {the idea is easily generalized}. Then by integrating (20) across
a control volume from left to right

axf2 G~ %)
g* a 1-_.. tra—é'dx = u_E;"_... (21)
x —ax/2 3x Ax

and this can actually be estimated by using some reasonable interpolation for
¢r ard ¢g. But the upstream difference algorithm requires

(4; = ¢;_4) « :
u—= = 5 (22)

Hence

A
byt S S (23

1

1




Cleérly if ¢ is recomputed EFrom (23}, using S* estimated from (21), any
digcrepancy betwzen the mew and old ¢ values i1s a direct eatimate of the
truncation error of the upstream differencing. The result is

oL _

oL
. )

NEW
4y & (26)

WEW
= apg * (@

which is portrayed graphically in Flgure 4.
It should be obvious that if 3§/8x varies throughout the computational .
domain, then truncation error may be severe. In fact . !

E- Epr ™ %[(g&)u— (%)REEAERE'E]

1
= 2 (69 - Sig,] (25)

where 6¢ is the algebralc increase in ¢ across a control volume [16]. |

[ T

PSR
PR

\rx

Fipure 4. Construction of ¢N‘EW from ¢0L1}_

. The important fact te¢ remember 1is that in most problems of practical
interest, 5% in (20) wdill be nonzera and variable =—- due to sources,
transients, and trapsport terms other than the explicit x-convection. Note
that in the red herring test problem of Figure 1, s* + 0 far Pp 3 5.
Upstream differencing can be accurate -- if 5% = const. But this is
cbviously too restrictive te be generally useful.

Figure 5 shows a wmore meaningful test problem ‘representing pure
convection (Py = =) at constant velocity across a stationary specified
apurce term. Of course, under these conditions, all weighting schemes {even
optimal)} are identically equivalent to pure upstream differencing. HNote that
the upstrean difference solution {for Py = =) is close to an exact solution
for Pp = 2 (actually, 1t's identical to the central difference result for
Py = 2), corresponding to the classienl Taylor series estimate given by (5) -~
a rather refreshing little breeze within an otherwise stifling aztmosphere of
pigpens and red herrings. Note that the third order algorithm based on
Quadratic Upstream Interpolation for Convective Kinematica [3] (QUICK) gives
results which are graphically alwmost indistinguishable from the exact solution
(and it's also quite stable, even under these pure convection conditions).

12




© QUICK

O upstream

~
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S{x) : _

Figure 5. Pure convection with source term.

Another standard test problem for which first/second-order upstream-
welghted schemes fail to give satisfactory results 1s shown in Figures 6, 7,
and B. This is two-dimensional steady convection at an angle to the grid,
with & transverse step along an upstream boundary. In thia problem, g%

Figure 6. Oblique coovection: exact solution, Py = 100.

13




Figure 7. Oblique convection: optimal upwinding, ¥y = 100.

Figure 8. Oblique convection: QUICK method, P, = 100.

represents transverse convection, and the truncation error manifests itself
as gross false transverse diffusion [15]. By contrast the third-order QUICK
method 13 much less artificially diffusive and models the true (error
function} profile fairly well.

In case anyone 1s still not convinced, Figures 9, 10, and 11 show
convective-diffusive heat transfer in a cavity with a specified recirculating
velacity and constant diffusivity correspending to a nominal P&clet number
(Pa = Yeop 1/T) of 1000 (giving Ppo's of order 10 or more througheout the field
for a 13 x 13 grid). The typical wiggles of central differencing are clear in
¥Figure 10. The false diffusion of the hybrid TEACH scheme has grossly
corrupted the computation in Figure 11 by contrast with the results of the
highly accurate QUICK algorithm showm in Figura 9.

ADVICE TO FEM DEVELOPERS

In conclusion then, what can be learnt from the miscakes of the past?

£ oeT .

Tives - f ~7TL
Thera's no ueed to tolerate the unphysical wiggles of centered schemes.
Secondly:
Don't suppress the wiggles merely by the arbitrary introduction of
artificial diffusion of first/second-order upstream-welghted schemes.

14




Figure 9. QUICK method, Fe = 1000.

Figure 10. Central differencing, Pe = 1000.

X Thirdly:
Remember thar, even optimally welghted schemes revert to the pure upstream
form for Py 2 5; l.e., the high convection rTegime. And don’t be thrown

i - off the scent by the old SWANSEA red herring — Taylor series is just as
o refreshing as ever (probably more so).

15 .




Figure 11. TEACH code, Pe = 1000.

And Einally: ,

Try to extend the accuracy of the third order Laplacian operator to the

convective term, therasby coming up with a new SWANSEA philosophy based

on Sending Wiggles Away with Numerically Stable Extended Accuracy.

Clearly it's time to write~off the wiggle riddles, wind-up unwinding, g

and get on with some QUICK solutions tc some real problems. [Of course, there .
may gtill be some finite differences of opinion on this.] ' :

1.

2.

REFERENCES

Roache, P.J., Computattonal Fluid Dynamies, Harmosa Publishers,
Albuquerque, New Mexico, 1976.

Fromm, J., "The Time Dependent Flow of an Incompressible Viscous Fluid,™
Methods in Computationgl Physies, Vol. 3, 1964, pp. 345-382,

Leonard, B.P., "A Stable aud Accurate Convective Modelling Procedure
Based on Quadratic Upstream Interpolation,™ Computsr Methods in Applied
Mechanics and Enginegering, Vol. 19, June 1979,

Gentry, R.A., Martin, R.E., and Daly, B.J., "An Eulerian Differencing
Method for Unsteady Compressible Flow Problems," Jowrnal of Computational
Physice, Vol. 1, 1966, pp. 87-118.

Spalding, D.B., "A Novel Finite Difference Formulation for Differential
Expressions Involving Both Firstc and Second Derivatives," Intermgtional
Journal for Numeriecal Methods in Engineering, Vol. 4, 1972, pp. 551~559.
Christie, I., Griffiths, D.F., and Mitchell, A.R., "Finite Elsment
Mathods for Second Order Differential Equations with Significant First
Derivatives," International Jowrnal for Numerical Msthods in Engineering,
Vol. 10, 1976, pp. 1389-1396.

Heinrich, J.C., Huyakorn, P.5. and Zienkiewlcz, 0.C., "An "Upwind' Finite
Element Scheme for Two-Dimensional Convective Tramsport Equation,"
International Jowmal for Numerical Methods in Bngineering, Vol. 11, 1977,
131-143.

Huyakorn, P.S., "Solution of the Steady State Convective Transport
Equation Using an Upwind Finite Element Scheme,” Applied Mathematical
Modelling, Vol. 1, 1977, p. 1B7. :

16

ToTem m“%—“
e o :



10.

11.

1z,

13.

14,

16.

17.

18,

19.

20.

Ikegawa, M., "A New Finite Element Technigue for the Analysis of Steady
Viscous Flow Problems,” International Jowrnal for Numerical Mathods in
Engineering, Vol. 14, 1979, pp. 104-113, ,
Hughes, T.J.R., Liu, W.K., and Brooks, A., "Finite Element Analysis of
Incompressible Viscous Flows by the Penalty Function Formulation,"
Journal of Computational Physies, Vol. 30, 1979, pp. 1-60.

Moult, A., Burley, D., and Rawson, H., "The Numeriecal Solution of 2D
Steady Flow Problems by the Finite Element Method," International Journal
for Mumerical Methods in Engineering, Vol. 14, 1979, pp. 11-35.

See, for example, several papers (which will remain anonymous) in the
Procaedings of the Sympoeium on Twrbulent Shear Flows, The Pannsylvania
State University, April 1977.

de Vahl Davis, G, and Mallinsom, G.D., “An Evaluation of Upwind and
Central Difference Approximations by a Study of Recirculating Flow,"
Computers and Fluids, Vol. 4, 1976, p. 29.

Rafithby, G.D. and Torramce, K.E., "Upstream-Welghted Schemes and their
Application to Elliptic Problems Involving Fluid Flow," Computers and
Fluids, Vol. 2, 1974, pp. 191-206,

Raithby, G.D., "A Critical Evaluation of Upstream Differencing Applied to
Froblems Involving Fluid Flow," Computer Methods in Applied Mechanics and
Engineering, Vol. 9, 1976, 75-103.

Leonard, B.P.,, "A Cnnsiatency Check for Eatimating Truncation Errer Due

to Upstream Differencing," Applied Mathematical Modelling, Vol. 2,
December 1978, pp. 239-244.

Tuann, S5.Y. and Olson, M., "Review of Computing Methods for Recirculating
Flows," Jowrmal of Computational Fhyeies, Vol. 29, October 1978, pp. 1-19.
Hodge, J.K., Stone, A.L., and Miller, T.E., "Numerical Sclution for
Adrfoils near Stall in Cptimized Boundary-Fitted Curvilinear Coordinates,”
ATAA Journazl, Vol. 17, May 1979, pp. 45B-464.

Roberts, K.V, and Weiss, N.0., "Convective Difference Schemes,"
Mathematies of Computation, Vol. 20, 1966, pp. 272-299.

Gosman, A.D., Pun, W.M., Runchal, A.K., Spalding, D.B. and Wolfsehtein, M.,
Heat and Mass Transfer in Recireulaiing Flows, Academlc Press, Londonm,
1969.

17




tquawait] jad prab jeyieds lIM atdyoujad vl saaplduy Aopanoae fpoylau wanif v aod

-paujel s1¥3sUaq SYI UM upsjJedwod 4y 53500 [eUD]7RINdWOY BYY YITH ETTRCRILE]
aq 75w 3ug ‘8s4nod Jo tspoyjaw Japlo-aaybiy Jo gajnqyJiie 2y Bupsapisuod uaik

iy 0}
ah]11suasul A11e313084d S] Spoylaw aaJbap-ppo papuisdn Jo unpsladsip aul SERJSIUM
*paseadaep 51 days awly auy 5e aaisdads|p 8dow Lon awo3aq SPoM3EL [EJIUS 'uog
~110pE Ul *A1deald ajnb 5313514210842 aalssadsip vl uoi1aulisip syl 5835 akn
‘gjduexa J40) ‘aryiod dais pa138Aund Aeaoiiun B 4o wajgodd 1531 aul ul RN E]
uoj1eaunsy ay3 ul aapjeAldap-pLId] aajsaadsip € saajoaul fupuimdn J3pio-puadas
t-fi+g ‘spoyliau _m_sacm_aa gaJbBap-uaAs papuiMdn 3G 3520 auy ul uad antl si SIiL

*53A[1BALIED JEPJO-UIAS BujAjoAul asoyl ueyl {anysaadsip)
£407T]]1250 aJow YInw e W3 J0u43 uDpyEouRJy Buipeal
aup Uj saajiealJap [eryeds 18pJo-ppo BuTA1DAUL SPOUTSH

] H:GTR

Syl 40 spoyiaul uejbuelbe- J JNO1ABYEY ay} seZjJeuans Buiko[[04 ay] *Jotdz uoy
-jesunJy [eiieds pue K31at3isuas yoegpas) ol pajelal 2q ved uoj1IuTISIp STU ‘upebe
gauQ spoylaw ummmm_n-uzuzan aadbap-ppo uewd £4070711950 240w yonu aJe aatbap

uaAa j0 SaWIYIs yotge]odlaiul _mHEu:a#aa padaiuad Jedl ‘ajduexa J0j3 ‘puno} 8q (118
11 "paglJLasap £14a140 8 [[IM £aWAYIS uolje[oduaiu] SROLJRA 1) ynjienb3 jo BpIs
puey-1ybid 3wl Butyewlise Ul yope(odsaiul 4o Sud sowpdaqg wajgotd eafJsumu a

g awil 10 ¢ 40 SAn|eA jetjeds ajasdsip uaAlg +pydiautad Wy 13PX3 t354N02 JO 'S}

(1) {1 “3w-x)p = {19+ ‘x)p

uoryenba ayl *£1120[2A JUPISUTD 1B ¢ Jepeds @ 40 uof
-702ru03 Band [RUDISUAWID-BUO J04 °[gi] 24nijeu ul yeybuedbe pajiea 8q pinod y2Tym
‘yoiydasuod ybiy [apow 03 jdugyie ue uj padoiaasp u2eq angy senbiuyday jo Jaqunuy

-[yl-1] Butpuimdn J3pio-15.414 q peINpoJIU] UOSNIAIP (P1D1S134E B Jo 51334
-4a auy Bujanseaw Ay1313aJdip U3k pauULBILod SBIPNIS jeJaAas Li paylead ussq sy uoly
-sn[ound Bwes ayl -yoj3enba LO]Snd1p-uojlaaaund ayy Bulflapow Joj anbiuydal € se
Bujpuimdn Faplo-15414 sapnjaxa ﬁm_gmnqpn 311nb) uplaaly4a |EUOLIRd pue ajdwls SIUL

. -pua) (e3vsAyd paljapou fue 0 1BU7 UEUL
Jaybiy @q pinoys stojeJdado ajuadalylp-aiiuld ul 40443 uojied
-unJdy au3 Ag paanpoujul sanjiealJap [EPieds Byl 4o Japao 2yl

:1Ey} 3J1nbaJ PINOYS

sup 1ey1 JPB[2 SWIIS 1) *{suoyjdunsse ssaulloows a[qeuoseal Bujyew wo pue) 1Ubis
-puiy Ul ujeby -uoijualuy Stil sydnalod APl Fuypuimdn J8plo-15414 Ul quaaatui
20443 - UGTIRIUNLY IATIRA§J3P-PUD2ES BYL -uoisni4ip (earséud {ajqifi1bau Jo} [|EWS
Kian bupjepnugs £13ze4403 01 quafeajnba $1 UOIIBALDD y61y Buyyrapou 'yp13Enba
yo§sn4S1p-UDTIIAAU0D 3L U] jeut s} waggosd 3yl  Csudal Apeaisun 40 S33NTS fug
~AJOALT swajqodd vy pue 'ysau prf 2yl 03 g|bue anbjjqo ue 1e saake] Jeays uiyl- {20
pinoys jeym} BugA[oaul suajgold Ul paaunouoad soll 51 sIyy +Buypundn Japao-3sdi
j0 waay [ensn 3y3 ui JDJ4@ Uop7EIUA] Byl AQ pRInpaLiul uaisnip 1eajdauny 12t
-3141348 By} 40 suay ug padesyaod 1530 ST A1(naraitp aul ~faeanioe Ul 3500 @ yby
oo} 7E psuieiqo 51 31110935 "gpoy1aw asauyy bulsn £g yEyl voyjeziiead Suluapim

F mou ST 834l 1nA -geinded Aias awolaq Aey sanbjuyaay Buipuisdn Japdo-15413 ‘08
4o Bpeaap jsed ayl 13D t-frag tquswaAoAdut a1qrssod @ J9)40 SWAYIS paJalua3-uoN

Q17 UG|173AUDD JapJ0-35414 3 aenatgaed Ul 'S3ATIRAY
—aap 1e13EdS Japso-ppo Buljrapow Jod 51003 a3etsdosdde 0u
ade (Aowsnzae 4o J3pdo fug jo0) Spoulaw AcuAJ3JHID jB4URd

+A31A1115Uas ¥oROpaay JuaLayll 10 yae]
g jo asneaag ‘3ieyl 3984 B awoy aatJp 0% s} 4aded 5p3 40 swyp |R4IUAD BT 40 BUD

jAipided Sno1103 Kyjensn 12132510 ﬁmca_umusnscu E-11-0]

Lol Q1D Anf s1sng [Ruopmy T 5 Fugpigmdyy 2pa-HEIN,

Jdayyra up  aniea anp1eBan (earsfydun ue uD 34EY Kow qua1s}4iaoy unisnisTR paAIn
~duoa ¢ ‘suopjenba pagdnod uj pue *{suojbad Buliesa{adap uy) eayiisod ag Aljenioe
fom A11ATIESURS ¥Ieqpa3d) 2ul ‘Uu0}1IaAuod 10 upTIE[NWSO JWN]DA-]043UOI e uj °suof
~j23ndund a8yl speasad few Suo13EfyIIso a13115eded paduepun pue fA31A13150U9S [RAINAU
Kj1e1iuasss uf si[nsad Bujouadasip [eJiuad YgaAl10ALIED JBPLO-PPO D4 ' JBABMOH

-gayyebau A1131415 o0 PINOYS s.107esad0
BoUBJDJJ1A-31TUTS JO ATIMTISUES ¥aeqpasy juadayul gt

sqeagunb Ul ‘1edd asinbat 03 |gIsuUBsS ajinb 5§ 17 uojieqndwod [n4s5223nS J0J

'1eyl ABS pInod 3uU0 sybispuly Ul "ISNOOJ pue yeajd :uobuel Jendod uy ‘Jdo 13[QEIS
pUE 37840237 BLE sanbyuydd] [E2155810 B3 'sga1gDJdd 85343 JO4  TSIAIIEALISD Aaplo
-u3A3 Ag paieuiwop Swajqodd J04 5533I0% ajgeiou ,Spoylaw 3DUABLIIP [BJ3UBT 403
uoseas [SNoInidD} TUMBLDS pue) Aapwpad kg 51 STUL -aajjebsu A[33143s 39 0% suzd
~dey A1A1315UB5 yIeqpeal 8 igan|1PA[JEp J3PLIO-UBAD jo 5|3pou w3 [edjuzd
18315582 &} JD |5EI A g -A[q2inb Ko[lod (118 ajuahaaalp *asan03 JO taargrsod
J1 *7no padeep sy 8Sj0u {ealJaunu puUE 54n330 YIEPAS aaylebau a1qrls tanyebau s
SiUy 4] -anfea 3pou |eJ1ua3 &l J0 suojieganyded 0 A11A1115u8s Byl 'Uat] isJoledd
-dp 22uRLa} 1P 40 ,A11AT1]5USS soeqpaay, 2wy bulApnis fq paueb ag ued Juhrsul sWos

. *STALRATLED [p1yeds lapJo
~ppo 1apow 03 pasn aJe {A3eanioe jo JA3pLO fue j0) spoygal 20UFLI8441p-[FLIUBD LBAD
-uayM 54ridI0 11 -:uapqoad M8y, B4 J0j S1001 pio Buoas 3yl ja asn jeniigey ue wod4
BU W3S “I158q SJow yamu §1 A11n21441p AUl Jo 85N€ faewiad ayy 1ng *[{£1130712A
Bujy23AU0D) 8213141802 ajARIJEA Y] 07 uMOp and Jo A117108715U] Jeal|uow, a3 SP
uMouy sawyjawas st wayqosd ayy ‘*hra tpawEfq uaaq 3ARY ULA] UOTIIBAUD] BY] JO SIT3
~5|J31IELRYD SNDIICA fA11e3140751TH -gauafilaalp [eallalinu J7ydoa]se3ET OF suoj1eill
_ase [earsAydun £1aEa|d pue 3LJeZIq wod ) Gurbues *,sajinRatddip, 40 fyataer e B)RJIE
~uab spoyyaL BauaJayEp-1ejuad +gojweudp PINTYS JO WIS UDJIIBAUDD aAlIEALIBP-ISALY -
sy} o7 palidde uayy “S2ALILALLSR |e1ieds taplo-laAa butafoauf [[® -- A11311583 J0
‘UD{iCW-3ARM 'UOISHISID Aq paieuiuap swajqoid 07 asuodsad U] PaAl0AS {Bufaualiagip
[eJ3uay JapJo-puUoIas K11e17u9553) sanhiuyaal jeatJauny S[EI1SsR[D, "aAllEALSED
[ei1eds J8pa0-15414 B =~ WJ3] LOT3IIAUDD A 40 asiejsodup ayl Ag sapsdyd eUDT
~3e7ndwad §o SaYIUeLG JBY10 303 waa} paysinbullsip si safueudp pintd j2unt3eynduo]

NOTLINOOYINT

*g3jweEuAp pInd jeun[3Enduod S0y LOYIBpUNGS 1SNqod pue
yeaql e sapTanad Butpuisdn Japso-pd iyl JEU sMoys swyllaobie
ajednIae pue 2|qels 40 ub{sap [euoyqRd ING 1S3IIINILAIIN aU3

papunodwgd dARY 53] pEIR, [EuOLEdd]  hOTY PinTd UL unilIaa
-upd ay3 BuijjEpow Ut swa[qoJd 4o asned Jolfew 3u3 -- SaapIv
~AfJ2] JBpLo-ppa 07 pajrdde uaus £111qe3s s yae{ spouiaw
[BJ7UaD 'J3n3MOH  CSEAITEALIED fprieds Jepio-uana bupjapou
uy Buiouatajyip [eauEd 40 F31110875 %38qPasy juaawil 03 anp
-- n4ssadans Aqubiy usag aaey ‘4113115812 [UE U [10W-3ABR
Tuoisniip Ul swa|gosd 01 pajdde spoyjau jedtJauny 183155810

yUsTn "
. *ATN 'puE[s| UIRIS
- ¥Jnj MaN 40 A[sa3ATUN £112

papuoa] “d7H

SI1WYNA G104 TWNOT1VANdWOD 404
SISyl TYNOLIVY ¥ SY DHTONIMAD y3040-0dIHL

pRG1 {Prenol-quoR) ‘Al SISl FARHAS 1A B f)
{otipy) Jayatatd 3 ¥ 30K T ’
£g-DV.LD sFusnmalddy ¥ sanhiuiaal jenaprindiue’y



ua33[JM a0 ued g anpea apou e a0y wyyraoBie jeuppieyndwol P jEYT Bwnssy

(2) U A N IS :

15U 334nos
40 20u3saud Ay U] JETEIS B 4O UDISNIJIP PUR UDIIIBALOI APEIISUN B JARISUO)

HOUY3 NOTLYINNHL ONY ALJATLISNGS AIVE033d

“sjujod prab wagjosayp-tewdou [euoj3ippe ayl AJ13snl 07 ybnous S1 SWiBT BJNEAIND
Jewlou paulelad ayy Jo A317198715 juauayur ayl '{palajsp §1 9IBINIIE L3IPJIA-pUDIFS
AJuo '8°1) uD]JO0WNSSE BSPD-]5JOM B SIYPW BUD 4 'JIAIMCY pIISaY A([nS ueay 138

0t DABY SIJ3Y 3URIEALND Bsuassuedy Bupiarap ao Buipnjaul Jo 57102543 2L CRALY
-Aluamny Jo 1P303 B adinbad pinos uyrJaoble Japao-paiyl A[Ing AjjeLLIOS P SERIUM

*{110 U] uaal4yy frav]) S30e4 ¥[5 3Y] JO UIE3 JOj Buow Bun sarjnbas Hujpuisdn
=JBRI0=-PI1Y3-TSEND fuojiednBijuns Jurod-uasas e aJsinbal JA3pU0-puUDIRS pue -35413
‘SUDJSUBITP 88443 uf JEY] uSas g UEJ 31 ‘SESpl 8S8Y7 10 UO[SURIXB SNOlAgGo up Ag

. .mcc_m:me_uoz“
uj Bujpuisdn J2pao-pagtyy Jog
JeYs jeunpieindwoy g aJnfird

“{sa1a412 Mo[toy Ag umoys squjod J3udoD J871R] A3 YIIM) 2 SJnE14 uy uMoys

S1 478 813]0W02 By} *$I28)48 BUINIPAIND B5J3ASUBLT JO JUNGIIR el 01 'padinbad
ate sjujod Jauapd [PUCTIIPPE J4n0j *AJBJRI3R JBPJO-PJTY] [PWJO) 131435 JOJ 'J3A3
~MOH  "83BJNJ3P JIPJO-PAIYY A[[e[juassa aue Uafuym s1nsad soitdouab mala jo tirod
1eaj3oead @ woay pue “BujpuiMdn J8pao-paiyt 4o AJF[}0IS 2A[IIBAUOD [B|TUSS58 B
aajuesend o3 ybnoua s1 styg t{auiu jo 1e30% P Buiyew ‘ssow Jnoj **a)) 3de) yoea
404 uof33aL1p. [PULOL BYF 4T Jujod [PUOFIIpPpe ue Sadinbat Suipupmdn Jepio-plriyl

*spisb [efaeds jeuaysuawip-aug ‘| adnbig

- (a) (e}

e asaskr e aray aras ey

L T % i

Tavvaav b s basf

oL I ot s

beessareaat

-

aND33s —

“r
i

* 15474 g —

H

601 @k aaf sieng pmag1ay 0 5o Rpnmdny sapeg-pat

“{uogsnyyip Joy Jojeasdo uepae(de] syl saop £2) 4015, julod-an]) umouy-11aM 3y}
SA[DAUL SPOYIBN JBPIO-pUOIRS pue -35.1) 'S5{ESJaA3d £3130134 Joj BUTMD}IE ‘suols
-Uauip oM b] - {]eJ3UR] JapJo-yldnoy S30P 5B} Jnoy spaau Buypuimdn 1spJo-paidy
SeatauM *siupod a1yl adinbad yjoq spoylaw JapLO-pUDIAS pue -3S41) 'BSEI STY)

up “1eyl aloM ‘g1 adnbyd U] UMDYS SE S{ UOIIENIIS BUT *JOJ PAMOE(E aJe Sa3[}[30
-84 BujSJaaal uayy el a34nbiy Uy uMoys ale asayp  cunoy sadinbas Buipuimdn sapao
-P41YT SERUBYM *({pasoulit Bugag L1pensn ubjsnygip TEIISAYd) UOTYIBAUODD 40 OMY ATuD
saJnbad Buipugsdn 4apJo-15J15 “95PJIU03 4@ CUOESNJLIp PUB UO1133AUCY 01 Bnp an
~]ea 3pou TRajuald ayy Buyiepdn doy sjuiod aadyl sadjnbad Buiouatagiip [Eajuad Japdo
~pU0das ‘sade) [[33 awWn[0A-|0LIU0D 1B S3II[3019A BUl1I3A00D Bulsuasas-uou ylim MO[4
{PUOYSURUIN-BUO0 404 “JBpJo U] 24P Spidb [PUOTYEINdWoD uo sjuauwwod awos *A[1euld

“[91 'v] poob Aj

~butpuodsadlod st anoiAeyaq a4nssaud 31735 [G] [[aM Se ‘SMo[y a[gissaJduoaul o)
pBwtiiund wasq sey pue ‘atnjeu arpjed|ss|p-uou s,wyjtaobie ayl jo uopleaipul Buodis
B 5] suo1bad pposjauf Ut suanssaad uoipubels Buradasuod jo Ayuadodd qussayuy siyp

*suoiBas 3ydoujuasy
ul aanssaLd wopieubels sassasuoca Buipuisdn sapao-paiur

raernafided Ul f3oexa A[jed118408y7 wosy a[qeysinbullisipuy Arjeaiydess aue

Y2Tym s7[nsaJd sajeasualb Buipuimdn Japro-pajyy ‘suoctbat Jjdosjuasy u]  -[g1] su0§3n
~105 J3B¥3 YI|M 3[qEUIRIqO Feyy ueyl JapiM sjulod praf oMy ATuo aunianais }ooys [e
-2tdawnu e yjIM pue ‘UlfuRals sadosd Byl yIIM 'ug[IEI0] FIDAL0Z BYT 1P SYIOYS SIINp
-0ad *arduexs Joy ‘apod J4aIng ajqissadduod Buydnides-yooys ¥IIND-u3INI SuL  cAre
-Jluojoucw pajeliobau aq ued sdenf uappns ‘fem Sty Ul -sjuaipedd Buifiea K)prded
4o sunjBats [ea0] vy {Bujpuimdn jepjuauodxa *-6-3) uoijeoddajul oyeitdosdde Bamm

e 01 (ujewsp MO[4 ayj jo 3Jsow ‘-3-1) suojbias ,yjoows, Ayl uf GujpuiMdn Japdo-pJaIy]
wody AJ[E37IPWOINR Jaso sabueys yajym pauBysap aq A11sea ues wyy)JoBje ve ‘sajqe]
=JBA P3]22AUDI BY3 JO BINJRAJND [e30] Bulaojjuow Ay -A11ea0] sanbyuydai uojiejod
-Jajuy ajeud (e Gulsn g awolssso ag ued swajqodd asayy ng i[s] Aepunog weadys
-UMop e Jeay sITB61A ma) e Jo ‘days e Bupprapow uf $3004SUBAG {Y5~) |[ews a}eJauab
Aew BupuiMdn Japao-pdjy3 *Su0TI[PUOS UCI3I2AU0D aand Japun ‘afduexs .o4 uMD

531 J0 swa[goad ou Aainjosqe sey Guppuymdn Jaapio-patyy jeys Aes oy jou 51 stuk

“SIIWYNAD dINTd TYNDILYLNDKD)D
Y0d SWHLTHODTY LSNA0H ONY NY31D 40 INIW4DTIAI0
JHL Yod SISYE TYNDEIVY V SWHDS ONIONIMAN YIGHD-OUIHL

$38Yy uoysniIund 1eaibo) ayl ol umedp S| auo ‘xardwoa
A19AT5530%2 AU SpoyIaw puimdn Japao-saybiiy pue Y341 @ours pur 'aajssadsip om
@48 Spoylaw puimdn Jt2pJdo (-Y3.004 pUR) -puDdaEs 3DUES PUP ‘EDISNI4TP 1PF2141340 57}
40 s1seq 8Y] uo papnia¥a ag jsnw Buypuimdn 43pJo-1SU14 3US PUE ‘SMO[J PaIBUTHOP
-U01333AU03 40y 33elsdoadde jou B4p sapto fue 3o Spoyjaw aduadayiip-[ediuad aJulg
*ST1145 BuiBbngap pate|iosse pue uojs
-uayasdwod vewny yo suanod [ewsou 243y SOLIISING uoOS pue ‘A)pided 3]B[PI53 0] SUl
-bag A31xardwas 3jwyltiobie ‘uapao-ylunoy anoqe :s1500 [ejuawdaiasap Japisuod ospe
15nW 3U0 ‘JaABMOY  spoyjaw JapJo-u3ybry paemoy uoiieatjow Buoals e snyl sy asayy
*§1500 BUluund autylew jo Swid3 Ul cuyllJoBle Japuo-Jaybiy sy Jo 1503 [P0]
Ur B5FAJJU JFIBWYITJe BYY SUGIAMIN0 JBY POUYBW J8pIO-43M0] 34T JO Sjujod plub
aw]7-23eds 4o JBgUNU BYT U} BSEIIOUT 314730035 S1Yl JO 1502 AL -J4G}IBy 2WES Ayj
Ag paseatsul 9q 1smu sdals (UD[1e2a11 JO) BWIY 4O JBOWNU A} Pue *uo]II3LIP IEUT
-plaod yaea uj 1033e) ¢ Aq pASEAJIU] ag 01 sjujod prab [ejieds Jjo taqunu ayy psau
[1$4 poujaw Japdo-damof 2 'AIEJnd3e Jedotb awes ayy asajyse o1 *ing (A [earisw
-U1LdE ATUBnoJ) Japaa Y1fM sasealdoul A[u§e3233 tutod prib swji-aseds sad 1502 Ay
: " |E3mouods adow L] euniirindund ade
mnn:umELmuLn-Lm:mm:.aUmu:uum_mau_aumBﬁLUmmhamgcm

:anal s) Buymop|oy 8yl ‘dapaa Yy sttt Azeandoe prab

-PA¥I4 YIIYM Ul spoyjaw Joj ‘'asasMoy  c{Buipapadn geplo-ul{)-n) ueyy ajedndae s5a]
347 Spoylaw [RJIUAD JIPJO-YIN 'uoi3dasu0d aund oy **6-a) wyjidob|e syl jo Japlo
TEWIO4 BYI UL 3sPatau] ue yiim daoadul jou Aew Jo Aew A5eandae ‘plab uaalh v oapy

PAPUOXT ] RO



{51} uorienby atewixoadde 03} syibua| srgedapisuca o3 Bujob £g Burdaay paa Jayjany
P paInpoJiu] SEY [61] MOTJ PN PUR JFISUBLY FETY [E3)JL3WNU U0 HOOG-I¥a] JuadSd

{51) tz7 Yaywees z = :

([BLT Adeqrey
wBUTPUTHDR [oW[ldo, Byl &g paledaApe §] adnpadodd s1yl Jo uvoyjearsipow Jubp|s v

[z <« ¢

b1 _
[o1} z > Y

Jog Z = 44

¥

Joyg ﬁ »d

ST Jagunu

39j38d {192 8A1303348 aul 'ADaieais pragdy spug ur z < mmum {pajdarbau woisniiip
ira1sfyd uy3s) Gujpumdn Jspao-35a7 pue ‘z > My 37 uolsnydip pue ud[ydEAUD] Ylog
J0j Bulausdajlip [823U80 sasn [£1] 3p0D HAWAL usouy-[ias a4l Jo wyyisob[e ajseq ay)

- T ueyy
Jajrews yanw Auaa sp Jd/x Inf = m_.gmnezc qaraad {183 8yl 703 05 ybnoua auly
51 plab a3yl ssajun usjsnysip (ea1sAyd aul (Sateutwop Jo) S1An4d03 '3SIR03 JO ‘ydIym

) . unu
(E1) w nj d

JUBTTLIT0D UDTSNfp [BFITIIIE
UE Y3]M WIS} UOfSNj4Ip [RITJEWNU B O} JUB[PAINDD S| WJE} JOJL3 UD[IPIUNJ) Buiped|

8yl Jeyy 200 g X V|- = 3 :3aplebau A1321415 51 A3TA11[SUBS yoeqpaa) ayl
I
1 %8 o Xy - )
(21} g > n t + xv,ig m.+ Hmm n - = - T
¢ #
pup
!
ng . X, XY ...
(1) 0 < n [ LA T :_m yn m_-_a : {u:

Ui S1{nsad UD{JIaAuCd jo Butpuimdn J3pao-15414

*@0UaBJaAIP [EI[JBUNU JO ASNEI AYY ua1yo AJaa S|
SIUI !sug)Baa Bupledalasap ul saf3isod sawodan £77AFIISUAS YDPOPIIS aAljlBALOD Ay
*{n a[qRIJEA) SUOIIRNI|S MO[Y [eai3ovad Ul “AT1A[JISUIS [RJINSU BARY YI[ys JO 430q

P oxe Xz
b 4 (e . £
o} PR ) T e v, e,

1 BAJIEALIIP PITYT BYT 4O UGISIIA LApJo-pundas Gurpuadsaliod ay) pue
g b . yxe
S oo Xeyn L -
{6} N IO L R0
. X9 2l .
s 1= [ES; Freanmt L
Slg 4 lpg - Mg 4 2y

S] UD1}23AUD] 1O} (2P0l 3JUIJDIp
-[e13usd Japdo-yjanay aul ‘sidwexs sog  -58A31EA|JAp Japao-ppo Fuljiopow Ul A1[A1Y)

1t A2 40f Spsmgg [Iiopmy 1 5w Buipupady) apaQ-paigg

1

~SUBS TEJIMBU JUBJBYUE S|YI 1584402 J0U S20p SPOYISW [BsjUSD L3pUo-JauBly 03 Bujog

) “{E01] 48qunu 18334 1o spiou
-fay 1183 ayy o3. |rueiidodoad A{Jeauy si aJue3S[p uotiesiauad ayl) subyye]jidsn
Buyieajauad-weas)sdn o7 pea] uopidadlp asjMweaL]s 8yy ut sdunl uappng -waa}
uolsdjyip 1eafsfyd ayy uo spuadsp uoriezi|ige3s yaeqpeay ‘uoiyents uaysniyip-uoiy
~IBAUDD BUT 4O 18POW BdUALEL)[P-[PJIUBD JBPID-PUDIAS B UT 'Syl g = g cdoqe
-Jado S1Y3 20y s157¥8 wA|qosd solew ¢ ‘uanamoy “uajiejodaaluy oryeapent Joy Ajuo
1oexa st 11 ybnoyyte ‘() uoiienby sB £304n33¢ jO J3pUo (UMD, JweS Y] SBY UIIYM

@ R Ve

_
_m xm -u
Nxc_:ﬁ I * nsm 1in _

0] SPP3| W3 UOTIIBALDD [SPOW BYY JO BUIDUBURSJIP [EJIUBD JBPLO-PUOIIS

: *(4v3EdEdO O
~UBIJEYIQ 3Yl JO [3pOwW JARJO-pUBIAs 3U7 S0P SE) SJN1ONJSIS JE[JWIS P Sy OIS Lp
J0) T2pow J3plo-4y1anog ayl  cugisnygip {tearsAyd) syruyy oy eapieBau Ap1a1ays
TaT] lpxy/ g~ 5] AJ1A13)suas yaeqpesy eyl “{2¢1) Jo {g-1) s3ita pue ‘[|+1) 't
“{1-1) yBnoayy paieiediajuy pejwoudiod 3{gna e a0y 730%3 5] Jojedado SHY 1847 10N

. ' xe Y
() Tt vdr B (B 1
A O Y PR

S] UOISNJJ[P 4O [3P0W 3JUBIas)1p-311UTS (JAPIo-puodas) ,[paisse(d,

ayl 'J pue noqueisuod Gulajosuj (g) uojiIenby o uojsaaA [PUOSUIWIP-IUD [apOW € UJ

*£idedoxd argearsap A[ybiy € -- suoyien
=13n[4 wopued jo Gupdwep juadayuy aplacdd {114 wyitaofije ayy Jey} saunsse 7 aA110
-bau y *uviloe aai117a3J403 21jewoine ou Auygelauab snyl ‘SHy ayl Bupldagye InoyiIm
uopIn[os syy wo pasoduldadns ag ued (sajhfitm *+G-a) suojieqanidad Jo sadky ufeltad

DuB YIBQPa3) JUBJAYUL OU ST aJ3) 'p = ¥ J]  BJURLINII0 apqeajsapun Aqubiy e
-- suapjeqnidad [edfJaumis 4o ymoab aarsofdxa o) peaj pinam taarirsad e tAjaes|]

dpe
(9) Sy 1

Ag uaatb 51 ¢ 3 'A11AnYTSUSs %¥38G033) Ay ddBgM
(5} [ 1e 27 ]dxa = lgg

UDIIN[eS [PWAO) B SPY YITYM

To1ge JEE 3L
(v) : RN Ry

, Butah
'# 03 10adsad 411M (g) uopjenhy 4o unjrelaea ayl Giyyes Ag pa|pmis aq ued Ip uy
suoiieqdniead [e3fLawnl o UojIn[oAd Ayl SNy tIp uo Aduapuadan awos safoauy (M

SHY ‘[esauafi w) CBpIS puey-1uBra BYY MO SWuBY Paf[ANON Bl Sjuasasdad SHY ataym

{£) . CHY = _..wu!m

W-n_.s::._._.ﬂ -:__.E_. _.: _



-poa} 40 BINSEAW T ‘XY pUE N JURISUDD JOF " ({S9pOU u3amMiaq fem-jrey) sanjes aoe)
aWnjoA-foJund TybTd pUB 3491 ayj 03 SJojat uniiEiou Ayl c{i-1)g = [1)9¢ auoym

v v
(12} o - F1o— = -

' -._ﬂ = —+_.—hﬂ

{SE W04 BWN[OA-]OJIUDI BAJIEAIESUOD U] UJILJM BQ U] adAl Sy} JO spoylaw iy
' *{J0LI3 UDTIEIUNGT 3ATI0
-A113p-pUL 3T UTIM) poylaw puUjMdn JaPJ0D-15J7J UMOUY-T]34 3U1 51 *3SIN0D IO *YITUM

%y 1

+u?

Y - lp =

{0z} { _.n_. u

1
oo P

s unyyjJofie 33Ep
-dn auyq Jey3 Jea(a s) 3 ‘apduexa a0y ‘uoriefodiaail] Jeaul] puradn Jo ases ayy uj

“{anwrT prasyaul ul 1S3WIINGD) Buipuimde sapaa-paiyy (B}

‘poyiaw s,um0dd ()} 6ujpuimdn dapio-puodss (3) S{sIid}
gieds-[BLIUI-3W]}-paEMI0) (p) ‘ewayads xeq a1 (23) ‘{poylsw
5,41137) fesiuad aapso-puosas (g) :Burpuimdn Japdo-isatd (2)
*A1130]{2A JUBISUOD 1B uD[I23AUD] 3und Jo) Sawayds ue[bueabeq -p a4nbyj

{5) {4) (2)
141

e
1,] 1vn #
b, v
1+uP i
4'-‘\ .—
i (4) uP
u
(p) {2) {a) (2}
1+ Lol R
P v té e +uf i
- .
iy T o y
uP u? bie

(1} unrienby
uQ pAseq uolidaauod 3and Joy sawsyas upjbuvabien) jeadaas J0 S1S0q oyl SMOUS g a+nbi4

" GIWIHIS NOTLIIANDD VIOV

£ Q42 40f Spsug pciing 0 sa Suptymel) spag-payL

“BurZi[1qel1s SAEMIR ST '8SJND3 JO ‘UIIUM

1% | Xz Xy |
{61) . =l g . = Em =3

4

- S] AJTA1I[SUBS ¥IBQpas{ paLiquod Byl pue

_ T I
e H " _ (34 X e - _ g
(8t} e :_N: (G d + A,lam? 5 = Iye

U3]I1LM 3 UEd uoltenba uoisngyp-uc]]daalUod

jopow pauyquod Gujpuodsaldod yL  “UD[ENJJ]P J404 Jojedadd JBpJO-pUDIBS BUT YIIM
JUBITISUOD OSTE ST STUT ‘{/) uojlenby O3 wO[IE|AL UL pRIOU SY "D > N 4 (2+1) Jo
‘0< n A1 (2-1) pue “{141) v “(1-1) ubnoayl [emwoufiod 2ygn3 ¢ fugleioddajuy yigm
“juais{suo) 5] UOTIPUFQWOd JETnIfYJed 8yl “was] 8JUBJBJP-YILn0s B £q pajjipou *{6)
uojjenhy 4o Jojedado JapJo-yYldno) Byl se paziubosad 5§ apls puBy-143[ AY) YOJUM U]

: 1
[ ] Tg B0 | Tg¥E . |
{41} PP Vit C lm e =
[ LN —Y
- - I n| -
Elg s Vlgy - dgg s Hpy - 2y
X7zl
L in-

N Nluﬂ + hl_ﬂm - —+_ﬂm + N+_ﬂl
PSE (0 2 n oa0j ) wroy [EdjJiaweds Ul UaTIfJe BQ ued UYItYR ‘Bujpuradn Japao
-pa1u3 o3 Bueb Aq pajeujwi(a A[as[Iu8 3q LB MUS] SATIPA[LBP-pU [y} BW0S2[GNOJT Byl

*{spoyjsw [EJIU33 JO jRUY UBl3 sSa] yonw ybnoyl[e) Jn0jaeyay
AJole711080- g0y ajqisundsad S§ ‘Wi BATIRATJAP-PIIY} By} Aq pajeiiwop Bujag ‘Jodas
un1jEIUNLY 3yl ‘usaramoy  -Bupbiesnooua ST YITYM .x<m\ﬂ:_m = = I 51 £J1A1715U35 ¥2Bq
-pa3j 241 ‘wolyIBaIp A3120(34 JO sSBIpaEDaY O > N J0) UDISSIJdXa JE{TWIS B YIIM

I
(91) Lo o tod e vw gk @0 a0 - -
L XV g
&g 4 3 7Vpp - Tgg

‘0 < nodoy ‘'ualltds aq ued Sufpursdn Jepao-puodas

]

n-

"SPBJR paje[ad pup

A115NPul Jajsuesy-1eay 3yl Ul sanbiuylal ,NODGPUBY, PIRPURIS ST Paysijgelsa Ay
alow usd Bujwodaq Apjusaand ade spoyjaw asayy 'sBej awil [eanjew Jo asnedag ‘A[alP
-UNlJ0JUR  CBJRIEJS1E[ Yadeasas [ejuswepuny 2yl U PaluswnIop []3M MOU alP SPOYIBW
43pJ0-15411 YITA PRIBJIDSSE UDISNISID [R]21411J0 ByY J0 5703143 3[geydsideun ay)
isuopienba juodsyesy Sajaeds Jo [PWJSY] PUE WNIMEwoW Ayl Gul|{apow vl wayl a4ou

-f1 A11e301 03 Spasdoad usy) pue 'SI[QEIJAEA ALIR]|1XnD [EJ3AAS pUP sa[jdadold ajua
-[pgdn1 a0y suojienba juodsuesy TruojIIppe oM] {1sea| i¢) Gujales jo asusdea ayj 03
530f aup *sUD{11puD3 BAT338AUCD ATylijy Japun S|apow ajua[ngdn} paipalgs)ydos aijnb
1587 01 pasn aJe spouiaw asayl ‘ualje Lisg  pajoapfau A[[pInl swJaay uojsniiip |eal
-sAud [1e Y1{M UD17238002 Joy Bulpuimdn JapJo-15414 @4nd §0 9515000 Sawayds a5al)
‘{1ewyidn 4oy § T g 40 DragAy a0) 2 < V4) eopisasuoa ylijy oy *sno1Aqo aq ‘Mou
Ag ‘pinoys sasiodava yans jo £311110y 3yl -s|ejwouk{od Ijjuinb {aslsuadwa s387) Aq

JUrey el

-y



{8g) [ga)u1s ] - (pojson = gy = 13vK3,

pue .uxa_lm =y 'UDISNJJIP JO BJUBSQP Ayl Ul ‘J[nsad {n JueIsSUDD) 13e¥a Byl Loy

{1ly - {3 °x)¢ -
(e} Gvav Guvaaxp - 9

‘"8"] ‘Y juawsdouy swil e ol Guipeodsalddn {10700 uoryeagsydee, Jo)
0]18d 3pnljdue x21dwo3 3yl BUjualEp UED Bua fY JAQUNU BABM AL 4o 8buea 7 aoy

{9e} w2 A =9

wio} syl Jo SjUBL0dWOd JB1INC4 JO GOIN[OAD auy Buidpnys Ag

saualas uveybuelbe jo sISATEUY LUPENAN ubA J3]JnDg

-AELmuauudm___umu-:ccmv.xq >__ﬂ .mmmUmﬁzu
U] ‘S3ATO0AUT JOJJ uO{jEdUNJ4] Buipeat ‘g 3 sE 2/l - saydeoudde .rm ned Jo *yajym

Z R
(se) {3-1) ~ ? N °

sI A11A13]5UaS yIeqpaay ayy pue ‘anjea 8304 1J3| paidaauod ayj saatb

we)  Elpe Vil e L Olp- 2 - e lpE -

‘umoys squjod unoy 3yl uBnodyl 21qR3 passetq-pujmdn ue sg uoj3efodiajul ajefddoadde

3yl ‘wrol uejbueabey Byl 4oy fuojjepnuioy SWNTOA-TOJIUDD BYY U] pasn 5] uojiejodial
-u7 weaaysdn Jrjedpend ayi  t{¢] -~ swda) Hupweaurs PRIEWIIST UIIM SITIRWBULY. BAT
-1334u0) 404 uorie(odidu] weasisdy apjespeny -- iSINI(AD SO uMouy wyijraobie purMdn
J3pI0-PI Y] JUSISESUOY YT JO WA0§ uD[3IDAL0D-3Und AT SHMOYS {B)E aanb1g *Aypeuiy

‘0 + 2 se p/g - Buryseosdde

(e€)

ul=

S Y N ' ¥
c {3 - 1)f 3 o

pue

) (T mhy - (-t - Clrelnd - %

3416 07 (puiMdn pue [eJ3u3d 3Y3) sorjeapenb
oM} safiedsie [£2] Jodra-dseyd-afiedsae-0taz Jo poyjau J3pJO-pundas paj[ea-os s, oL

*({wia3 Adoiepriaso ue) ._mn S3A[0AN] ujebe JoJss uoileduns)
Z - = . - 5. . dNZ
(1€} £ o+ m = (3-1 um. 3 = o

pue

ey Ele ez 00 ey - e In - Cleeime - %
*Outpuisdn aspro-puodas Jo ases ayl uf

511 Q.13 40] sisog foliofimy v s Sulpuimedyy sapig-pags

[ra1qe3sun Afvuoi3fpuooun ST wylldoBie STyl ‘usouy [[aM si mq“_.
(62) o= S

‘aginopyaed up ‘pue

(52) (g mE = Y

saalb spyL  "3ATIEATJIED 1541) BYY 3
~wixotdde 03 Gujowaualyip-1erjuad GUisn *1 JNOGE S]495 JOAL) JOPLO-1SATY B £ |
3poU JO AJTUIatA BYY Ul P sajewixoddde Quo ‘woyle(odsajul JO PeaISUl ‘ased STyl uf
*{p)g 2anbi4 up padesysod s) poyjaw (5OL4) areds-[Bujuad-dw|i-pdesis] pajlea-os syl

“{1) ag/yn{,a-1) = ¥
03 Ju3jeA[nba UDISNISTP [R12741340 PApPe ue y3IiM JaUBBDY PONIAW 5,U1187 ST UITUM

(2 (ol -Vl (Nlg- Bl E -l Lo

. S uyjjaohbie

alepdn ayy ‘asea Sy Ul *(2)E 34nb14 wy uMoys St [22] %1 01 anp poyIAW JayjOuy
“[tZ] pouiaw jjoupusM-¥e] syl (uo) A7120]1sA I[qQBILPA 31 Uf) Jo [0Z]

poyIaw 5,143197 ST uMOUY OS[E S| awayss siyl -uolisodoud awauyl U] 595E3408p poylal
JBPJO-PUDIAS BYF 4O AJTATTISUBS yIegpaas y) 'psanpad S {3 'tat1) Jy SE ‘snyy

(92) : 2- = %

ST A11AT1Y15u3s ¥oegpaay Buiptodsadiod |yl JnojARyag
Adg3e] 11080 {JB3R] USSS SP) pue AIpUn3de JA8pJo-puodas GUpAjdo) .nxc_.mu 03 reunyy
-Jodosd S1 Jodd@ uojiecunsy Buipeal "X /3 vn = 3 'J3qunu Jueann] syl Guranpodiu)

- I- ! .1
(s2) (Vi - lp1g - (e e w2 -

SB BN[eA
¥N[J 8A1IIBAUDD 3383 34371 343 AJ13u8pT ued auo ‘({1z) uoiienhy Gupsn “yIpyM wody

) - Ugelpa-Vlor & v (Vlp-Plmio by - g
ut s3insad ' (q)g aunbid ur usoys ‘swayds uopiejod4aiu] aijoqeded pasaiusl ayl

"1V 40 juspuadapul st SIY3 3By} ‘Jejnapided ur ‘a3jay

(£2) | b= = b
e = "elp s 74) Guipupadn JapJo-1s41y Jog *ajduexs oj
. .
(z2) e T B - o

S] asea syl u] £31A111503s Roeq

PAoaT g b



buybbej Aydaeys sapy syjbuaraaes JolJays !sawayls asayl Jo snojaeyag aseyd aood
YT 109142 SPOYIAW JEpJO UM SY3 Jo Suefjejfiaso Buppresl ayL -sajyosd wojjouny
=JoJaaa [ea1d4] Dujalb Swsyds JupJo-1S41d 843 JD ualsniiTp [eldrj1ide ssoub 3yl ajoN

*J3pJo-yILEL (3) ‘uspdo-yjanol (p) iGuipurmdn Japao-paiyl (3)
tpoylsw s,y3taT {q) tOurpuimdn JapJo-3saty (e} tgoL = 3
Jo 8w}y [PUDISUSWIPUOU P R UGTI3&AU0Y dB35 [spow JO S{ielag “ adnbiy

. *{A1pjded sasealduy swolivp[11ase Bui(iesl | spoyiow
u3Az BY] 0 JUBIXE Y] SEDLayM ‘D 07 aaljrsussul A[[enjala sulewad sapriodd aspdo
-ppo JayB|y pue pajyy 2yl Jo adeys ayj ‘sanjea I Ja[[ews Joj) BseI UYIEI UT G §I
Jagunu uednng ay3 {aadbap yipiy uybnoayl 352y wody sawayss ueibuedbes _meoca_cm

20) ‘Jereas aalssed pajoeaund B uy apiioad dals jerjjul ue Jo (A31a0[3A JueIsuDd
18) uojpaeaudo adnd ayl Bullefnwis Jo s3Insad Ayl sways ¢ aunbty - {odsz o} saob

3 se jupjsund e ssyoeosdde pue) 5 uo quapuadap sSB yanw ST AJ[ATTISUSS YIRqPED)
81 PUB SBATIEATJEP JOJLa-uojledundy Sujpea JapJao-UaAl BAfDAUY Spoylaw sad6ap-ppo
papuisdny (2 y3s A[deau]] ogaz o} saol A3]AT11SUBS YIPQPa3) BY3 PUR JIPJO ppo

30 ST 3AJIRATIED JOLJB-UOIIRIUNLY Buipes] ayj) swyijusofite aajssadsip Ajubry uy 3Ins
-31 SAPM|E SBW3YIS PIINQIJISTp Af[91uUa] ‘sasBap-uaal "SINTEA DTS PIGITALDD U0y
suo[ssaadxa ayj uy swaal aousaaylip sgayfiy Ajbujpuodsasdond oy fugpea) *‘A[aiuisap
-U] panujjuod 3q A[+4ea]d wesy syejwoukfod aasbap-qaybiy Supjejodtaiur jo 5580044 Byl

*{3sano1 jo *Tt] Alepunog A1711Q0715

wewmay voa aletddousdde ayl UpyIfM) UDISAJSIP PUR UDIIIDALCD JO UDIRLEquWOD Aup
Joj uLuam:mLa_uﬁz_m Jod poyiaw ,JapJo-piiyl 3107 1d¥e [eojuoued, ayy S| wyjrJobje
153¥31nd ayl ‘uopiejaadaalu] SIYI UL § w puR 2 ylog BurAloAl} Swaay 8 ybnaayy

(8%) = ¥
go1-,g0-? J
:Ivg] 1edjds vessnes @
-~ uQl1ENba UG1SN4JTP-UDTIIBAUCD [BPOW 8] JDj GIYR. muza__wsm gw_aeouWuumxm muw
J0 uotsuedxa ayy yiim Saadbe styy C ,x Wiy 1 Jalsweded UDISNJEIP B4l ST U BLDBYA

(2v) t{esoa-1) (v - {,2-1}3) ouisaz + guiso) 1 -
2(8500-1) 10 - (-1 2z - (gsoa - 1) tug) - 4 = LSPAING
LTI Q12 0 Siseg peiapiay n 5o Sigprisdy sapig-paL

sey {uojsnyyip pue Lo}333au0d yjogq Buppnisuy)
weyfJ0Bie [7] 1SINITND 11N 3u3 1843 Jujod SH 1P pajou 3q JuGIW 31 TwI3Y Japlo
-pd1y3 [E313149 3u3 ybnoayy (gE) uopienb3 up 9 o uojsuedxd AU YIIH saadbie yapyn

- i3 2 _ .
{9v) U0+ 8lr- ) 4 (8] - B3l
{g8la + efm:u:uﬁ_.mm. + M0 “;ww - a

(sv) Lpulse - geuss){,2-1}13 - guisolt

(g + Bsady - 0250),0-112 - (1= @s03},3 + 1 = {a)D

: Aq uaa1b nijed spnitidue ¥apdeod e sey Bujpuisdn Japle-paiyl

*(da3s-awy Jaj[ews ‘-a1) san{er 1 JB|[ews Jo4

asJom Bulan 322443 3yl *spoyiaw papuimdn eyl uofstadsip J4ajealb aey aaey 0} pumy
spoyaw paje[odsajul A[[eiiuag -uolssadsip se umouy vouawouayd ayy sy SiyL °n
'poads JUEISUOI 1024403 BU] JO peaisyl 'Spasds JUIJBLIIP 1F BAOE mcamcm_m>mu juaaa
-441p ‘uclieInwis (euofleinduod U7 UT JEUY Sueaw g us spuadap fesauab ul 4 1o
130 Ayl C[2s4A03 4o 'n A313073A Bulldaaucy syl Buiaq A3720184 aseyd joexa ayl]

g2 _ _ ud
ﬂvvw L T.w:—_n_ - n

Aq uaagh sy £3110010A aseyd ayy adayM

n -
(tv) (n-xyy @ P = #

uayy LM aq Ued juauodwpd BAEM YIPD 104 UDJIN[OS 8yl ‘wyijJobie Jeqnatiied e Jog

" -poy3ew s,43137 40 ano1ARYAQ

aseyd Jood ul paIda14ad ST udjym Jred Aseubewf Byl uf Aouayatyap Laplo-pLIyy S
ST 1{  "J48pJ0-paiyl 3B JUBII{SAP ST ING ‘Wwual JBpJIO-PUOIBS 1034400 BUT SEU YIUM

() B0 + A3-wau1 - gee v Nt -1 -

() guisatr - {1 - mmnuymu + o1

{8}

sey pojaw s ,u31a7

‘g Ul 0481 J3pdo-15414 ayt ybnosyy Aquo (gE) uoilEnb3 Y3iM §331H2 asIn03 0 ‘UITYH

(ov) L0 + 83-03101 - (@0 + L -

(6€) guisot - (1 - 8S03ja + 1 (a)'s
:Buspundn Japlo
15414 Joj BUIMOTIO) 84l AATJBP 01 JNI144EP J0U ST 33 ‘BJdwexs 404 °5,9 3jeandoe
Jopao-yin s1esausb spoylaw ueibueshie [elwouATod sasbap-yiy ‘A(6uysiadans jou
sdeyssy - (Mo]4 2A}128AU03 Aaund 'Apeaisun Buljiapow jo sw.iay ul} 2wy pue seds
yioq uj Ieandde Japio-yiN Guiag se pajousp £1708J401 ST wyjiaobie By} susl . g
ubnoJyy (gE) wotienbl jo jeyl yiM seasfie waoy ueisalae) ul 9 5, poylal Lm_zu_aLan
ay)l o uoisuedxa ayy J]  cwyyldobie usath e 4o A284NI3E BY) J0 BJnSesw e 1ab ue)
guo ‘samayls wol1daauod jelwouk|od SnOTJRA 3Yy Jo) 4 Guiyndwoy Ag “xv¥ = g aJdayM

o i 211



"151 (9461) § Bujdasuibuz pue SaTueiasy pajddy ur spoylay Jaynduoy
‘Mold P4 BurAfoau] swaygotd Joy Guyouasaiy g weasisdp-mass ‘09 tAquitey frl]

*S¢ {9¢61) B Buy
-Ja3urbug pue safueysay payddy uy spaylay 48ndW0) *MO(4 PINT4 BUFA[OAUT Swa]
~004d 03 payddy Suyauntazylq weassdn Jo UotEnieAd 12313143 ¥ ‘-G 5 *Aguiiey fEL]

"2SE (1861) EQ BurtaauiBu3 spinfs jo qeu
~dMOP 3WSY 'STURTJEA [SPOK BOUITNGIN| pue SSUBYIS uDleZ]Ia4ds] SNOjJ4es Buisp
533P 13[feded uiml pue Jenuuy 40 uoyienajed ‘"M “1poy pue "y ‘Jaulzyasal [21]

"£62 [DB61) Ee Buytasuibuz pue Sajueyday pag]
-ddy Ul spoulsl Jainduoy 'suot4 Buizetnosyoay 31035-4peals jo uoylejndusy ayy
404 S8UBUIS 83uadalylg a3tuld Fadyl Jo UGIIenteay [e3f1avdg ‘tyW ‘JBUTZYISAT [11]

*{1861 '553J¢

abpraaury) 2 SUNTOA--SP{N] 4 U] SpOyIaW [ealJawny U} SBIUBAPY juUIBY *[‘pa)

*d ‘4oidel rur 'uopienby UBISNiJIg 2A1739AUR] B1055aJdwasn] Ay} Jo Bujiapoy
1B31J8way to0) Hulpurwkdn yigs S3UBUBLLI] IFIUTS JO ABAdNg § *-4°g ‘paeuoa [0)]

‘I {6461
‘N04 MAN 'IWSY 'PE-OWY) SMO[4 Payeullog UDIIIAUD] JDJ SPOYIEW FUBIITT 3T1UL4
‘{"pa) t@'p-1 ‘saubny *Ul fuo[ienb3 woisnyuoy BA113840( a|q(suayaJdwoou] ayy lo
Bul{ppnl [ED14BWNYN o uotuTdp Jo 53austaydig avjuly 40 438408 v ' *4°g ‘paeuoat [6]

"262 (6461 “SIVWI) 111--sugjienby [Bliuasat g1 [e{lted Joy spoyay Jain

-dwo) Uy sasupapy ‘{-spa} "5y ‘vewardais pup - 'AYEIBAAINA IUT ‘wojyenby
UBTSAIII0-LOIIDRAUD] BYY JOJ POYIDY 33UD43H51G 31014 ¥21nb 8yl *tgtg *pJeunsd (a1

. “65 (6£61) 61 Guysssubuy

pue satueysay payjddy v spoylsy Jajnduo) ‘uojiejodaally weassdn 2r3edpenh
UD paseq aunpasoad Bulj[Spol aA1138AUD] B1RJNIOY pue 314e18 ¥ ‘*g°g ‘paruoal [4]

"6E2 (BL61) T Guji1apoy feaivewayyey paijddy ‘Bufouatay g weadys
-dn @1 enp 10443 uojiedund) Buplewlls3y a0 yaay) Aauaisisuo) v ‘tg4°g ‘paeuoa] (9]

: *(e£86) ) ABojouyaaj

40 @IN3135U] JBI5aUIURY Jo AY7sJBAfun i /ER/400 7doday Juswiaedag Buaaaup

-Buz Te3URYDEK *sawayds 4No4 Jo uosyJedwn) abuwy peosg ¢ 183553204 UO[IIBALOY
SBAUTTUDN JO UDIIPZII843510 ‘"YW 'Jaurzyasal pue “t3°g ‘Japuney ‘+geg ‘Gueny 5]

) *18 (186}) 62 ButJsaurbuz pue Eajueyoay pajiddy ul spoutay
J3Indwa] *sMoly apidy 13 Jaquay spiouday 4Gy up Burouadaylig weadgsdn-arieds
-penp pug piagiy Jo uosjueduny ¥ '"3°8 ‘Japuney pue 'c3cyep *Aasyduny t-) ‘uey [t]

*{aeadde 01) spin|g
UT SpoyIsl 1e37JBWnN JOJ [BUIRDp [RUOFIELLAIY] ‘sdayg buydeg-paemyaeg aaag
SMO[4 JO SUOTRIIpRLd [BITJEUNN *"g°y 'BuDJIg pue ‘tg'g ‘Aquitey 'ty tuewyaey [g]

— ‘62 {9464
b SPIN|4 pue sJdaandwny) ‘mopdq Guyienoarney Jo Apmig o AgQ suopyewrxoaddy Mu=mgw
“4310 [RIIUA] pue pUIMdD JO HOTIBR|RAT wy '*0°9 ‘uoSUTiIeH PUB 9 ‘syaeq fueaap [21

*661 {2861) ZE
bugdaauibuz pue SaTuByday patyddy ui spoyjan Jajnduns ‘sudtryenby sayoig-Jaaey
81q1ssa.duoan] ayy vo syseydag JEINIIJEg UY1K SHO[J palPujuog-u0]]oasund

404 uofiernuwo4 upyJIa|en-Ansad/pupudn-aug jweadls “ytrel “sauybey pue -y 'syoodg (]

EENIEREER L]

611 G2 40 spseg [wopny o sp duppintavdy spag-papy g

o "S5MOTJ JuUaTNGLny Jo Jeutwe]

104 u3afos asodend-yesausb ‘1sngos B ug voyjesadioduy 2oy
pajins p1amM S| pue ajqejleAe A1IUa4dnd 53WIYIS uorelpdlaiug
B1dULS B3Y3 Jo 1590 YL S| 1] MITA N0 b] - “S3urElYIs Ayl

40 [N455330n5 3500 3y A[aA(S1oap SE ‘' [[eJ3A0 ‘pabaauwd N3,

. {[§] 53Jodad juadas Jsow

84} 40 duo woty ajonb of suojieEa]jdde 21j733ds Uy suswauTiad Jaylday Buipping
0] UOTIPPURDS way) v sapiaosd Guypuimdn saplo-paiyy jeuyq pays11qeisa Ajuajy ajinb
MOU ST 31 ‘quBwdo]aAsp Jaylang pEBU {[IM YITuM Swa1qoLd Ausw A{JBa]] AR 3qay)
ynouz|y - (s3al BuiBuiduy pue *sdats yaeq *sMoyy A7[ARI-uBAlJp SE YINS} Jaodsuesy
{Juslnqery pue Jeulwe]} Jeau)juou pue {upisnyiip asiey prab-ssodd Joy 158) DY Le
~T835 € 0 un1138A003 anbijgo *-H-a) swajqodd Jeauy] GuiAfosul *sawayds JapJo-315.1y
(Butauauajjip-Maxs '-6-a) Jayro pue PI4aAy Jsupebe ¥J1nb J0 51587 [PIT4awny vasoyd
A1tniades 4o 1Igunu e uaag Mou BAey 318yl "[Zl '1| 5 ‘$] uojrepnwdoy ¥n]j #HUNTOA
-[D4IUDD B uo paseq 3pod Aue Joj sunpazosd paesany-jubiesys FlBA[1pad B St Stu)
*sapo3 3dA1-HJy3l Jo suosuan gE pue g2 pausxdInh A11nJS583205 ATy SIAyIOM [Ei3A3S

"S7nSa4 sPojowo

-u? a1042ual SaWAYIS P.gAY Japap-aamo] 1PY] pamoys Apr3s awes syl tAouanbasy bugp
-PaYs Lo sjuaw]Jadxs y3jM Jjuawasufe pue sajweudp X33J4oA 3y3 40 uoIInjosal ua[1adxs
Guymoys *[§2] s21poq 34n|Q wo.) BUIDPBYS %3740 J0 uojje{nwis ayj ot pajdde uaaq
SBlY AuBLIS ISINJIND [euoisuawip-om] Apealsun ue ‘3yduexa Jof *34aymMasta pajaod

-3 560[jed1(dde |e3[30edd pur s358] DAIRJLRdIDD O S1{nsaJ 8yl woay luadedde aze
SAINGIIIIE JAYIG  “S3UNIea) [P[IUBSSI BY] 31031PU] DAOOE pasSNIS|P SuolipLapIsund
[BUOIsUBWIP-3U0 §a1aq Byl ~Sanbiuy3al uayl0 Jarc Burpuudn 48p40-pd 1YY 30 sabe
—lUBADE BY3 []@ JO s[jelap Bujupiino AaAdns aAjsvayasdwsa e 3yuwsad J0u s30p saedg

AHYHHNS

*[91] sudlienba J4aing atqissasduod ayi Guiayos Joj ¥31nb 4o Juawau1 ey
uojiejodelIxg-Jeau|y J0 Bujputsdn-rerjuauodxy al Ul pasn sy.4Baledls JP[juis ¢
“ug[bad alnjeadnd-0uoays auy up (Buipuisdn [ejjualodxa se yans) ueijeradiajup aje
~ut3e 6Uisn Ag pajeujwira A12419U8 8q wed (3)v aunG1g ur arjosd Japio-paryy ayy
U] S7004SJ8A0 15 aU7 *3)duexs Joj “MO[J 3AjID3AUDD AT41y Apeaisun Joy sanbjuyday
teuopieIndwod jo quawdnjaasp Jayldng 1o0) siseq [BUDJIED 50w 3yl se sabiawd Buipuim
-dn Japao-paiy3 ‘uieby -swajqodd [eudjsuswip|tinw 1oy 53000 uojleTnuIs [earinedd
§g UDITRJ3D{SUDD SNOJJAS WOJS SPOYIaw YIRS sajeutwfia A}as[]aaia sunpy10bie ayy Jo
A31xaduod ayy ‘sewsyds Japlo-ppo Laybiy pue “UI414 UlA paute)qe =g ued safljold
JadJeys ybnoyiiy - spayjam L3DI0-YIIN0Y pue '-pupdas '-1s41y 07 ajgeasajadd LYPFLELE]
5] Bujpujmdn JapLo-payd JeYl U235 ag LET 7] ‘avole ¢ asnbl4 Jo uoiyRURNISUOD WOU4

“T18M Se °SITI51.19908J4ey2 8pny)jdur poab asey Aay] ' (paduep A1Buosls ade syjbuaf
-HABM 112 YITYA UT) J43pI0-15a1y J0y qdaaxe ‘pue anopaeyaq aseyd juajjaoxa aaey
£[redauah spoyjaw Japto-ppa puikdn *1sesquod Ag [-suolip[[13s0 Guipea; ajeJauab
{UMDYS 30U} SPOLIBW JapJo-UBAS putndn] -Bujdwep yanw A4aa jou pue sapiraojaar aseyd

panunay Bt



-7y (2660) D11 S2TUBYIaW PIni3 Jo [ewdnop *safbue
-733y wod} Guippays %31JOA 4O APN1S [ED]JaunN ¥ '°4°3 *SJ00H put "H7H ‘Silaeg

*10% (086)) ¥ BUITiapty [ea1jewayyey payjddy ‘upiienby uolsnyyig SAy
~323AU0Y 5714 113110x3 8yl 40 A1F110PIS UUBLNEN uoa 343 ko 3joN ‘"dTg *pJaeuoa

*g/1 {B961) € 5015AYd [eu0iiEInduo) JO [RUINO[ *Saumyly
30uaJa) 410 9A1328AUD9 U] UO)S4adsig Buionpay Joj poulay ¥ ‘T3P oy

651 (¥561) 7 say1iewaiiey papiddy pue atng ug Suo11edjunwwo] ‘uoyieinduay 1e37
ZJsumy L8yl pue suopienby 31 p0qeadiy Jeauluoy 40 Suapinios ¥EaK TG°d ‘xeq

“1BE (¥961) £1
SI17Ewayley palddy pue adng 0 Suoriedfunuwoy ‘Ssuopienby atroquadiy Guiajos
404 AJRJnday 40 23pap UBIH Y11 S2WBYIS 8Juadazlig ttg ' J340JDURK puUR Qg ‘¥ET

1 {5961) ¥ SI15Aud 1euolieIn
-duoy ul spoylal 'BJaydsowly S,yILed I 40 UOLIP|NWIS [EIfJEWNN 737D ‘It

“(0B6) ‘TiIH-MBJDIW) MOT4 PIR[d pue Jajsued} jeay [P3|J8WNN "eatg tueyueied
“GBEY {9/61) Ui Bupgaauibu3 Uy Spoyiay [PIlJdawny JO4 |BUIROP [RUOTIEU

-dajl] ‘SaAeAlLag 1S474 JuEdtyiubls Yk suojjenbl [RijuaLayig J8pJQ puodag
J04 spoylay Juawa|d a1iufd "tHTY ‘113Y23IW puR 't4tQ ‘SUIB4JEID U] CBRISTMD

*(6961 "SS3Jd JWINEsY) SO BulIR[N133Y Uy ;m%mccph
SSEW PUE JPBH ‘W ‘UISIYSI[OM PUR ‘WY ‘ENDUNY *CWTM ‘und ‘tg°yY ‘uewsog

(€861 'a[13085) [1]--#O[4 uaINq.n] pue Jeujwey Uy
Spouiaw [eIldawny t(-pa) 3 Joidey fuy fapod NIIRU-YINT Byl TTdTH CP4EUGE]

-1 (4461 T2 S215AUd Teunpieindwo) jo |eu
-Jnop *sawayls Guiouasagjia dA1133A003 JUDI0UON Japtg Jaybly Ty ‘48758404

ey rg

(2]
vzl
[€2]

iez]

[12]
toz]
(6i]
(m]
£41]
fai]

[51]

otl



