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PART A: Vocabulary

Directions: Choose the word or phrase (1), (2), (3), or (4) that best completes each sentence.
Then mark the answer on your answer sheet.

Despite the fact that Gross Domestic Product (GDP) has increased substantially in the
industrialized West, the levels of human contentment have remained ---------- .

1) apposite 2) interwoven 3) static 4) implicit
Immigration ---------- from the Latin word migration and means the act of a foreigner
entering a country in the aim of obtaining the right of permanent residence.

1) gathers 2) obtains 3) arises 4) derives

Not speaking the same language as your customers can lead to communication ---------- .
1) breakdown 2) brevity 3) gesture 4) imitation

The factory’s workforce has ---------- from over 4,000 to a few hundred.

1) withdrawn 2) dwindled 3) undercut 4) forecasted

The police came up empty-handed despite an ---------- exploration of the suspect’s home.
1) exhaustive 2) inescapable 3) ephemeral 4) inevitable

When the old man married a woman in her thirties, all everyone talked about was the
---------- in the couple’s ages.

1) diversity 2) disparity 3) longevity 4) extension
One local factory will ---------- the town’s job shortage by providing 250 more jobs.
1) overlook 2) adjust 3) displace 4) alleviate

PART B: Cloze Test

Directions: Read the following passage and decide which choice (1), (2), (3), or (4) best fits
each space. Then mark the correct choice on your answer sheet.

One commentator argues that the success of private schools is not in their money,
(8) ~=----—--- their organization. State schools fail their pupils because, under government
control, they lack options. But if head teachers at state schools (9) --------- given the
same freedom as those at private schools, namely (10) ---------- poor teachers and pay
more to good ones, parents would not need to send their children to private schools any
more.
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8- 1)thatis 2)itisin 3) but in 4)i1s
9- 1)had 2) were 3)to be 4) be
10- 1) by sacking 2) sacking 3) sacked 4) to sack

PART C: Reading Comprehension

Directions: Read the following three passages and answer the questions by choosing the best
choice (1), (2), (3), or (4). Then mark the correct choice on your answer sheet.

PASSAGE I:

Much of the classical theory of optimization, motivated primarily by problems of
physics, is associated with great mathematicians: Gauss, Lagrange, Euler, the
Bernoulis, etc. During the recent development of optimization in decision problems,
the classical techniques have been reexamined, extended, sometimes rediscovered, and
applied to problems having quite different origins than those responsible for their
earlier development. New insights have been obtained and new techniques have been
discovered. The computer has rendered many techniques obsolete while making other
previously impractical methods feasible and efficient. These recent developments in
optimization have been made by mathematicians, system engineers, economists,
operations researchers, statisticians, numerical analysts, and others in a host of
different fields.

The study of optimization as an independent topic must, of course, be regarded as a
branch of applied mathematics. As such it must look to various areas of pure
mathematics for its unification, clarification, and general foundation. One such area of
particular relevance is functional analysis.

Functional analysis is the study of vector spaces resulting from a merging of
geometry, linear algebra, and analysis. It serves as a basis for aspects of several
important branches of applied mathematics including Fourier series, integral and
differential equations, numerical analysis, and any field where linearity plays a key
role. Its appeal as a unifying discipline stems primarily from its geometric character.
Most of the principal results in functional analysis are expressed as abstractions of
intuitive geometric properties of ordinary three-dimensional space.

Some readers may look with great expectation toward functional analysis, hoping
to discover new powerful techniques that will enable them to solve important problems
beyond the reach of simpler mathematical analysis. Such hopes are rarely realized in
practice. The primary utility of functional analysis for the purposes of this book is its

role as a unifying discipline, gathering a number of apparently diverse, specialized
mathematical tricks into one or a few general geometric principles.

11- According to the passage, which sentence is correct?
1) Numerical analysis is the study of analytic problems.
2) Functional analysis is extensively different from analysis.
3) Geometry plays a major role in the development of functional analysis.
4) Functional analysis is the study of analytic problems.
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Functional analysis is fundamentally useful in ---------- .

1) areas of mathematics in which linearity plays a significant role

2) intuitive development of numerical algorithms

3) the development of abstract notions of mathematics

4) the study of three-dimensional objects

What does the underlined word “utility” in the last paragraph mean?

1) convention 2) token 3) engagement 4) usefulness
According to the passage, which statement is correct?

1) Optimization is primarily a theoretical area.

2) Functional analysis and optimization are diverse areas in mathematics.
3) Functional analysis is a relevant area to optimization.

4) Pure mathematics has no role in foundation of optimization.

Decision problems ---------- .

1) have been solely motivated by physics

2) are mainly studies by classical techniques

3) have been influenced by obsolete techniques

4) have benefited from the advent of new developments in optimization

PASSAGE 2:

Gaussian elimination, QR factorization, and most other algorithms of dense linear
algebra fit the following pattern: there are O(m) steps, each requiring O(mz) work, for

a total work estimate of O(m3 ). (Of course these figures, especially the second, may
change on a parallel computer.) For iterative methods, the same figures still apply, but
now they represent a typical worst-case behavior. When these methods succeed, they
may do so by reducing one or both of these factors.

We shall see that the number of steps required for convergence to a satisfactory
precision typically depends on spectral properties of the matrix A, if the word
"spectral”" is interpreted broadly. For example, the conjugate gradient iteration is

guaranteed to solve a hermitian positive definite system AX=Db quickly if the
eigenvalues of A are clustered well away from the origin. Similarly, the Lanczos
iteration is guaranteed to compute certain eigenvalues of a real hermitian matrix
quickly if those eigenvalues are well separated from the rest of the spectrum (and if the

initial vector that starts the iteration is suitably generic). The analysis of the
convergence rates of these methods is a fascinating study that depends on the
mathematical field of approximation theory. Specifically, the convergence of Krylov
subspace iterative algorithms is closely related to problems of approximation of
functions f (z) by polynomials p (z) on subsets of the real axis or the complex plane.

The work per step in a matrix iteration depends mainly on the structure of the
matrix and on what advantage is taken of this structure in the x - Ax black box.

The ideal iterative method in linear algebra reduces the number of steps from m to

O(1) and the work per step from O(m2) to O(m), reducing the total work from O(m3 )
to O(m). Such extraordinary speedups do occur in practical problems, but a more typical

improvement is perhaps from O(m3 ) to O(mz). In a practical large-scale engineering
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computation of the mid-1990s, where iterative algorithms are successful, perhaps a typical
result is that they beat direct algorithms by a factor on the order of 10. As machines get
faster and m gets larger in the future, this factor will increase and iterative algorithms will
become more important, illustrating the fundamental law of computer science: the faster
the computer, the greater the importance of speed of algorithms.

Successful iterative methods are expected to have a total work estimate ---------- .
1) of O(1) 2) of O (m?)
3) of O (m) 4) lower than O (m°)

The conjugate gradient iterative method for solving certain linear systems ---------- .

1) is fast if the eigenvalues of the coefficient matrix spread away from the origin

2) is not considered to be an efficient approach

3) converges quickly whenever the eigenvalues are clustered around a nonzero point
4) is not competitive

What does the underlined word “spectrum” in paragraph 2 mean?

1) tolerance 2) extent 3) deviation 4) accordance
Approximation theory ---------- .

1) is mainly concerned with approximation of nonlinear functions on the complex plane
2) provides tools for investigation of convergence rate of Lanczos iteration

3) has no tool for convergence of the Krylov algorithm

4) 1s mainly concerned with approximation of polynomials

As computers get to be faster, ---------- .

1) the speed of algorithms is immaterial

2) iterative algorithms turn to be irrelevant

3) the speed of algorithms gets to be of more concern

4) iterative algorithms are expected to be less significant

PASSAGE 3:

All methods allow a change of the steplength in each integration step; an adjustment of
the respective stepsizes in each of them does not run into any inherent difficulties. The
modern multistep methods are not employed with fixed orders; nor are the
extrapolation methods. In extrapolation methods, for example, one can easily increase
the order by appending another column to the tableau of extrapolated values. One-step

methods of the Runge-Kutta-Fehlberg type, by construction, are tied to a fixed order,
although methods of variable orders can also be constructed with correspondingly
more complicated procedures. Research on this is currently in progress.

In an attempt to find out the advantages and disadvantages of the various
integration schemes, computer programs for the methods mentioned above have been
prepared with the utmost care, and extensive numerical experiments have been
conducted with a large number of differential equations. The result may be described
roughly as follows:

The least amount of computation, measured in evaluations of the right-hand side of
the differential equation, is required by the multistep methods. In a predictor method
the right-hand side of the differential equation must be evaluated only once per step,
while in a corrector method this number is equal to the (generally small) number of
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iterations. The expense caused by the step control in multistep methods, however,
destroys this advantage to a large extent. Multistep methods have the largest amount of
overhead time. Advantages accrue particularly in cases where the right-hand side of
the differential equation is built in a very complicated manner (large amount of
computational work to evaluate the right-hand side). In contrast, extrapolation methods
have the least amount of overhead time, but on the other hand sometimes do not react
as "sensitively" as one-step methods or multistep methods to changes in the prescribed
accuracy tolerance €: often results are furnished with more correct digits than
necessary. The reliability of extrapolation methods is quite high, but for modest
accuracy requirements they no longer work economically (are too expensive).

For modest accuracy requirements, Runge-Kutta-Fehlberg methods with low
orders of approximation p are to preferred. Runge-Kutta-Fehlberg methods of certain

orders sometimes react less sensitively to discontinuities in the right-hand side of the
differential equation than multi-step or extrapolation methods. It is true that in the
absence of special precautions, the accuracy at a discontinuity in Runge-Kutta-
Fehlberg methods is drastically reduced at first, but afterward these methods continue
to function without disturbances. In certain practical problems, this can be an
advantage.

When the right-hand side of a differential equation is costly to compute, ---------- .
1) multistep methods are preferred

2) a one-step method is preferred

3) an extrapolation method is preferred

4) accuracy of an obtained solution may not be reliable

For discontinuous differential equations ---------- .

1) multistep methods are stable

2) a one-step method can be advantageous

3) an extrapolation method is the most efficient approach

4) a one-step method turns to produce unreliable solutions

What does the underlined word “appending” in paragraph 1 mean?

1) perturbing 2) forwarding 3) trailing 4) attaching
In a multistep method, prediction ---------- .

1) demands extraordinary care

2) needs less computing than correction

3) needs more computing than correction

4) requires the same amount of computing as correction

An approach requiring a low overhead time, being less sensitive at times to accuracy
tolerance changes, and having reliability at the expense of being costly ---------- .
1) is an extrapolation method 2) is a one-step method

3) is a multistep method 4) does not exist
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