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Abstract

As both machines and programs have become more com-
plex, the programming process has become correspondingly
more labor-intensive. This has created a software gap be-
tween the need for new software and the aggregate capacity
of the current workforce to produce it. This problem has
been compounded by the slow growth of programming pro-
ductivity over the past two decades. One way to bridge
this gap isto make it possible for end users to develop pro-
grams in high-level domain-specific programming systems.
The principal impediment to the success of these systems
in the past has been the poor performance of the result-
ing applications. To address this problem, we are develop-
ing a new compiler technology that supports script-based
telescoping languages, which can be built from base lan-
guages and domain-specific libraries. By exhaustively com-
piling the libraries in advance, we can ensure that the per-
formance and portability of the applications produced by
such systems are high, while the compile times for scripts
are acceptable to the end user. These qualities are essential
if script-based systems are to be practical for development
of production applications.

Introduction

As high performance computing platforms have become
more complex and performance has become more sensi-
tiveto programming style, application devel opers have been
burdened with an increasingly complex programming task.
This has severely limited the productivity of scientific pro-
grammers and inhibited the rate at which high-end comput-
ing systems are accepted by the scientific rank and file. The
productivity of application developers would be greatly en-
hanced if they could use high-level programming systems
to rapidly develop prototype and production applicationsin
languages based on the standard notations of their problem
domains.

It should be observed that many high-level problem solv-
ing environments exist today. Matlab [11] and Mathemat-
ica[21] are standard tools for matrix and symbolic analysis.
Octave [9] is a high level language originally designed for
chemical reactor design. EllPack [12] is alanguage for de-
scribing and solving elliptic partial differential equations.
The problem is that most of these do not achieve accept-
able performance for computati on-intensive scientific prob-
lems. Therefore, if we are to make high-level problem-
solving systems effective for building production applica-
tions, the performance of the resulting object code must be
high enough to obviate the need for recoding them in more
conventional programming languages such as Fortran, C,
and C++.

To address the performance problem, we are conduct-
ing research on compiler technology and library design
to support construction of practical domain-specific devel-
opment environments for high-performance applications.
Our approach is to build these environments from domain-
specific libraries that are invoked from flexible scripting
languages. This is similar to the way such systems are
constructed today. However, because existing scripting
languages are interpreted and they treat libraries as black
boxes, these systemsfail to achieve acceptable performance
levels for compute-intensive applications. Previous re-
search has shown that this problem can be ameliorated by
trandating the script to a conventional programming lan-
guage and using whole-program analysis and optimization
to improve performance [8, 4]. Alternatively, some special-
ization can be built into the library instantiation process, if
the library is written in a language that uses some form of
dynamic macro expansion. Thisisthe approach used to op-
timize the POOMA library [2].

Unfortunately, these approaches suffer from the disad-
vantage that program compilation times, either for scripts
or expansion of data structures, can be long. To avoid this,
we have developed a new approach called telescoping lan-
guages, in which the libraries that provide component oper-
ations accessible from scripts are extensively precompiled



Language-
Building
Compiler

Scriot Enhanced Optimized
Script p Language Object
Translator N
Compiler Program

Figure 1. Telescoping Languages

Domain
Library

and optimized to permit fast generation of efficient code
and local optimization of scripts when they are processed.
The goa of precompilation is to speciaize different ver-
sions of each library routine for sets of conditions that may
hold when the routine is invoked. The entire set of special-
ized routinesis collected in a database that permits efficient
code selection and inlining when the scripts are compiled.

Because large-scale applications in the future are likely
to be executed on computational “grids’—collections of in-
terconnected heterogeneous computing platforms—a sec-
ondary goal of our research is to support programming for
grid environments. Domain-specific problem-solving envi-
ronments are attractive for this purpose because language
processors for problem solving environments can exploit
domain knowledge to tailor the implementation to the ex-
ecution environment. To support this goal, we must address
the problem of portability of performance across different
architectures and hardware configurations—in other words,
a useful high-level programming system cannot afford to
achieve high performance at the expense of portability.

To provide high degrees of portability, we will generate
self-tuning applications by designing and precompiling li-
braries to produce alternative implementations tailored to
different target platforms. Specific implementations can
then be selected and integrated in a dynamic compilation
passjust prior to execution, once the actual computing envi-
ronment is known. In addition, library code could reconfig-
ure itself dynamically for better performance once the size
and shape of the data are known. This strategy has been
adopted by the GrADS project [15, 14], which is building a
framework for Grid application development and execution.

The unifying theme in these approaches is to reduce
script compilation time and improve portability by invest-
ing extratimein library compilation, on the assumption that
the domain libraries will be recompiled far less often than
scripts that invoke them. Under this assumption, it is pos-
sible to use extremely powerful optimizations that exhaus-
tively explore the implementation space for library mod-
ules. Such optimizations might take hours, but they would
beworth the cost if thelibraries are reused in many different
scripts.

Telescoping L anguages

The basic idea behind telescoping languages is to sup-
port the construction of high-level problem-solving lan-
guages based on sophisticated domain-specific libraries
connected via scripting languages. This is similar to the
way such systems are constructed today. However, be-
cause scripting languages are usually interpreted and the li-
braries aretreated as black boxes, performance falls short of
its potential. Telescoping languages will address this per-
formance shortfall by exploiting powerful interprocedural
compilation strategies developed over the past two decades.

One way to do this is to trandate scripts and libraries
to the same intermediate representation then compile the
entire collection into highly efficient code using an whole-
program optimizing compiler [4, 7, 6]. The effectiveness
of this approach was established for Matlab programs by
De Rose and Padua [8]. However, it suffers from the dis-
advantage of excessively long compilation times because
the whole program, including al invoked libraries, must be
compiled each time a new script is processed. A user is
likely to be surprised if a short script compiles for a very
long time. Although this might be ameliorated by optimiz-
ing only when the application isin production, it has proved
difficult in the past to maintain the distinction between de-
velopment and production.

To dea with these issues, the telescoping-languages
strategy, depicted in Figure 1, shifts the cost of compilation
from script compilation time to library compilation time.
The domain-specific library is provided as input to a spe-
cialized version of the base language compiler that produces
an enhanced base-language compiler in which library entry
points and their execution properties are known as language
primitives. In essence, this defines a new language consist-
ing of the original base language plus the domain library
primitives. This strategy can be applied iteratively to sev-
eral different levels of libraries—hence the term “tel escop-
ing languages.” Once the extended compiler is available,
scripts can be trandated into calls to the extended library
and compiled to efficient object code.

A key to success of the telescoping languages approach
is to compile libraries into a format that permits efficient
local optimization of scripts when the scripts are them-
selves processed. Because the library compilation step will
not happen very often, it is practical to expend enormous
amounts of compile time to ensure that the script compi-
lation times can be kept short without sacrificing perfor-
mance of the object code. This approach goes far beyond
the conventional use of precompiled headers because the li-
brary implementations are precompiled and optimized, so
that the locally optimal implementation for a given invoce-
tion can be quickly selected at script compilation time based
on knowledge of the types and values of parameters gained
from data flow analysis.



The cost of this strategy is an extensive, and time-
consuming, compilation and optimization process for the
libraries. A fundamental aspect of this compilation is re-
verse program analysis, which reasons back from points of
potential optimization to library interfaces, with the goa of
specializing different versions of the code to different con-
ditions that may apply when the script invokes the library.
These versions are saved in a database that permits efficient
code selection and inline substitution when the scripts are
compiled. Thus, the script can be trandlated into efficient
code based solely on information that islocal to the script.

In the case of adistributed application, this optimization
capability is of great importance. If the script program is
making alarge number of invocationsto alibrary object on
aremote host, it may be possible to transform the script to
use asingle, block-request interface on thelibrary. Thiscan
only happen if the library can be compiled so that it imple-
ments a mutable set of interfaces and this fact is known to
the script transformation engine.

Three types of compilation technologies are critical to
making this strategy successful:

e Reverse program analysis, which identifies promising
optimization points in the library and reasons back-
ward from those points to the preconditions at the call
that are needed to make the optimizations feasible.

e Construction of jump functions that can quickly deter-
mine the side-effects to parameters passed from the
script to the library, making it possible to instantly
propagate parameter properties (e.g., type and value)
through procedure calls at script compilation time.

e Recognition and exploitation of identitiesinvolving the
library interface that specify when it is safe to replace
composite library calls with efficient specialized code
at script compilation time.

It should be noted that some identities will be provided by
the library developer based on domain knowledge—these
identities should be included in the optimization table for
use along with those that are constructed from examination
of thelibrary.

The telescoping languages approach has some other ma-
jor advantages over traditional ways of dealing with li-
braries. Three of them are worth mentioning here;

e Reliability. Because the telescoping languages script
compiler is effectively an interprocedural compiler, it
can check that a script adheres to all of the conven-
tions for calling library components. In addition, the
compiler can check special correctness conditions de-
fined by the library designer at compile time or gener-
ate code to check them at run timeif required. Finally,

since the script deals in macro operations, the pro-
grammer will not be tempted to insert the kind of short-
cuts that are typical of hand-produced code. These
shortcuts, which cause so many problems in normal
programming, are instead taken automatically by the
compiler when it can determine that doing so is cor-
rect. Thus, once the library is free of bugs, we would
expect high reliability in scripts that use it.

e Client-server Communications. It is common in dis-
tributed computing environments to have a standard li-
brary interface to broker all invocations of remote ser-
vices. In many cases, however, a black-box approach
to this problem is not the most efficient strategy. Of-
ten alibrary invocation for remote services consists of
two components: code that translates the specific call
into a general remote services invocation and the re-
mote service invocation itself. The interface-specific
portion of the code typically resides on the requesting
processor and can often be optimized in the context of
the point of call. For example, if remote data lookups
are invoked on a series of keywords, the keywords
could be saved in an array and a request for lookup
for al of them could be submitted in a single remote
invocation—effecting a database analog of the classi-
cal reduction-in-strength optimization [1]. This coa-
lesced remote request is likely to perform much better
in most distributed environments.

e Protection of Source Code. The telescoping-languages
strategy also answers another common question,
namely: How can proprietary library source code be
protected? A library developer should have the op-
tion of declaring that particularly sensitive portions
of the code are not to be inlined, thus preventing the
source for those pieces of code from being examined
by the end user. However, by making these library
sources available to the language-building compiler,
specialized versions of these library routines can be
constructed as necessary to exploit optimization oppor-
tunitiesfor configurations of conditionsthat may arise.
Other parts of the code could then be freely inlined to
enhance performance.

It should be clear to the reader that if the technology is
feasible, telescoping languages provide an attractive way to
extend existing languages and build problem-solving sys-
tems. The next few subsections explore the issue of techni-
ca feasihility.

Reverse Program Analysis

The goal of reverse program analysis is to identify the
points where profitable optimizations might be applied if
there were complete information about parameters were



available and to propagate information about desirable val-
ues backward from those points to procedure interfaces. In
the case of a complete library, this propagation must pro-
ceed across the boundaries of inter-library interfaces where
one library routine might call another. There are five signif-
icant components to thisanalysis:

e Interface Analysis. First the library structure must
be analyzed to determine which interfaces are exter-
nal and which are interna—i.e., may be called from
within.  The definition of external interfaces may
be part of an annotation by the library designer and
builder, or it may be evident from the structure of the
library and language considerations.

e Forward Parameter Analysis. Next the analysis must
forward propagate information about which values of
parameters are involved in calculations of inputs to
each statement in the library routine. Again this must
take place across procedure boundaries.

e Optimization Analysis. The code in each library rou-
tine is analyzed to determine which optimizations are
possible and which desirable optimizations are pre-
cluded but might be applicable if certain inputs that
are affected by parameter values are in certain ranges.
Breaking conditionsin dependence analysis, which are
predicates attached to dependences that specify when
the dependence can be safely ignored [10], are the
kinds of conditions that might be determined.

e Reverse Condition Propagation. The optimization
conditions are propagated backward in an attempt to
develop conditions at alibrary call interface that may
yield significant simplifications.

e Code specialization. When all optimization conditions
are known, a set of specialized versions of the code are
generated and saved for each set of specialized condi-
tions. In some cases, sets of conditions may be com-
bined to reduce the number of aternative implementa-
tions.

Perhaps the best way to illustrate this idea is by an ex-
ample. Consider the following simple Fortran routine:
SUBROUTI NE VMP(C, A, B, M N, S)
REAL A(N, B(N), CM, S

I =1
DOJ =1, N
(1) = 1) + A(J)*B(J)
I =1 +5S
ENDDO

END

In this code, which is modeled after code from LAPACK,
the product of arrays A and B is added to array C. The prob-
lem with this example is that the stride variable S might be

0, in which case the statement is not vectorizable, and must
be replaced by areduction.

When the process above is applied to this routine, the
interface analysis discovers that the increment to the vari-
ablel isafunction of theinput S. When induction variable
substitution is carried out during Optimization Analysis, the
routine becomes

SUBROUTI NE VWWP(C, A, B, M N, S)
REAL A(N), B(N, (M, S
DOJ =1, N

C(S*J-S+1) = C(S*J-S+1) &
+ A(J)*B(J)
ENDDO
END

The DOloop is vectorizable if S #£ 0. When this condition
is propagated back to the interface and code is specialized,
wewould get two versions of the code. For S # 0, we have:

SUBROUTI NE VMP(C, A, B, M N, 9)
REAL A(N), B(N), C(M, S
C(1:S*N-S+1:S) = C(1: S*N-S+1: S) &

+ A(1:N)*B(1: N

END

But for the case where S = 0, we get:

SUBROUTINE VMP(C, A, B, M N, 9S)
REAL AN, B(N), (M, S
(1) = SUMA(L: N *B(1:N))

END

These two variants would be saved in a code selection
database for the library in a form suitable for in-line ex-
pansion.

Jump Function Construction

If the compiler isto quickly and accurately determinethe
properties of variables passed to library components by the
script, it must be able to instantaneously determine the ef-
fect on those properties of other library calls that are on a
path from the start of the script to the call being analyzed.
Jump functions provide a way to do this. A jump function
for procedure P summarizes the value of an output param-
eter from P in terms of the values of input parameters. In
those cases where no precise summary can be computed, the
jump function will return a specia value indicating that the
output parameter is undefined. Where jump functions are
well defined, they can make it possible to propagate prop-
erties of variables through a call site without redoing exten-
sive analysis of the source of the called program. Thus, if
telescoping languages are to be an effective strategy, the li-
brary compilation phase must compute jump functions for
every public interface.

Jump functions have been a subject of substantia re-
search on interprocedura analysis [3]. Within the library,



they can be constructed by composition if partial jump func-
tions are computed to determine the translation of parame-
ters from a procedure entry to other parameters at call sites
within each procedure. In the case of libraries within the
telescoping languages framework, the challenge is to com-
pute jump functions for specialized versions of the proce-
dures that may be selected due to the values of parameters
at scripts. This may also require some iteration. A general
jump function may be used to determine that certain param-
eters are aways constant at agiven call site. These constant
parameters may in turn be used to select a specialized ver-
sion of the entry point with simpler jump functions, which
may allow selection of an even more specialized version of
the code.

As an example consider the following simple procedure

PROGRAM MAI N
V=1
N=0
DO WHI LE( V>0)
V = FUNC(V)
N=N+1
ENDDO
PRI NT N
END MAI N

REAL FUNCTION FUNC(X) ! Part of library
I F (X>0) THEN
RETURN ( X-1)
ELSE
RETURN X
ENDI F
END FUNC

Compilation of the routine FUNC in the library will produce
three implementationsin the code database:

I X known > 0
inline(X-1)

I X known <= 0

i nline(X)

I X unknown
inline( (X>0 ? X-1: X) )

Note that in each case the implementation of the routine is
to be inlined. Note also that the C conditional expression
syntax is used to denote a conditional expression because
Fortran has no corresponding expression.

In each of these cases, thejump function will be the same
as the body of the inline directive. At code generation time
the compiler will perform the following analysis steps:

1. First V=1 will be propagated to the FUNC call. Note
that this is not the final value because the compiler
must determine whether the loop back produces a dif-
ferent constant value for V.

2. The general jump function (third in the list above) is
invoked and produces the constant value O for V.

3. Inpropagating that value around the loop, the compiler
discovers that the loop condition will cause the loop to
be exited. Thus it concludes that only one iteration of
the loop is performed and the constant value 1 always
reaches the function.

4. The compiler now selects the refined jump function
for the function and eliminates the loop to produce the
code below.

PROGRAM NAI N

N+ 1
I ENDDO el i m nat ed
PRI NT N
END MNAI N

which would simplify to

PROGRAM MAI N
PRI NT 1
END MAI N

Althoughthisisclearly an oversimplified example, it should
give some indication of the power of the approach. The
main point is that practically no timeis spent during script
compilation on analysis of the function itself, since that
analysisis donein advance.

I nterface ldentities

Thethird key property of the telescoping languages strat-
egy isthe recognition of identities involving different inter-
faces. This recognition can be performed automatically or
through the use of annotations provided by the library de-
veloper. An example of such an identity comesfrom a stack
manipulation package. In Fortran, this package might look
like the following:

MODULE STACK
PRI VATE, ALLOCATABLE, &
I NTEGER :: VALS(:)
PRI VATE, |NTEGER :: SIZE, TOP
CONTAI NS
SUBROUTI NE | NI T(N)
| NTEGER N
SIZE = N
ALLOCATE ( VALS(SI ZE) )
TOP = 0
END INIT



SUBROUTI NE PUSH( X)
| NTEGER X
IF (TOP == N) THEN
CALL OVFLQ(X)
ELSE
TOP = TOP + 1
VALS(TOP) = X
ENDI F
END PUSH

| NTEGER FUNCTI ON POP()
| F(TOP > 0) THEN
TOP = TOP - 1
RETURN ( VALS(TOP+1) )
ELSE
CALL EMPTY
ENDI F
END POP

END MODULE STACK

The library designer, and in some cases the compiler, may
wish to observe that a push followed immediately by a pop
returns the value pushed (except in the case of overflow, but
overflow may not need to be preserved).

Encoding these identities in libraries, when combined
with powerful common subexpression elimination and
value propagation phases can lead to substantive simplifi-
cations of the code.

Script Compilation

The general script compilation procedure for the tele-
scoping languages strategy would fall into 3 phases:

1. First the propagation of variable properties (e.g., value
and type) would be analyzed with the help of jump
functions. This would provide a “most precise esti-
mate” of the properties of variables that are passed as
parameters to each of the routines in the library. This
phase would also recognize sequences of library invo-
cations that formed identities and replace them with
the appropriate specialized code.

2. At each invocation point for the library, the collection
of input variable properties would be used to select the
code to be substituted for the call in a process similar
to unification from theorem proving [18]. This permits
the selection of the most specialized code given the
set of parameter properties. The database would be
organized to facilitate this process.

3. Finally, the selected code would be substituted inline
for the library invocation.

Note that through the use of the noinline directive in the
substituted code, the library designer can preserve proce-

dure invocations where there is no point in performing in-
lining, the code needs to be kept private, or the invocation
is a remote procedure call to a server process on another
machine.

Portable Performance

An essential property of a useful script-based applica-
tion development system is that it be possible to port the
applications developed in the system to a variety of target
platforms with the expectation of reasonable performance.
The problem isthat the final target of a script-based applica-
tion may not become known until script compilation time—
long after the libraries that form the basis for the telescop-
ing language are precompiled. In anaive system, thiswould
mean that the entire application, including the library code,
would need to be optimized for a specific target platform
just prior to execution time. Once again, long compilation
times might make this approach impractical.

Telescoping languages provide an opportunity to over-
come this problem. Because library compilation times can
be long, it is possible to generate highly-optimized variants
of every implementation in the database for each of a poten-
tial collection of target machines. Because the library pre-
compilation process is primarily a high-level interprocedu-
ral phase to be followed by alow-level compilation for the
target machine, in many cases the same high-level version
will be effective for each of the potentia target systems.
Given that, all that is required is to compile that version for
each potential machine using that machine’s low-level com-
piler. Exceptionswill occur in cases where high-level trans-
formations, such as blocking for cache, must be tuned to a
specific machine. In those cases, the specialized implemen-
tation is tuned during the exhaustive compilation phase for
each of the target machines and then passed to the low-level
compiler.

Once preoptimized and compiled versions of each
database routine are available, the correct implementation
can be selected at link time. In fact, there is no requirement
that the same target machine be used for every invocation—
in the GrADS project [15], the link phase is replaced by a
dynamic optimization phase that distributes work among a
heterogeneous collection of processors and tailors the code
and communi cation to each target machinein the collection.

To summarize, the process of preparing alibrary for use
in a system based on telescoping languages is as follows:

e Using the compilation process described earlier, com-
pute specialized implementations, along with associ-
ated jump functions, for each public interface in the
library. These are typically machine-independent.

e For each potential target machine, specialize the code
for that target machine, if necessary, and invoke the



target machine's compiler to produce alinkable object
module for each target.

At script compile time, the specialized implementations are
chosen for each library call for the target machine to which
that call has been assigned.

The work on optimizing for specific machines builds on
previous efforts that use extensive preprocessing to produce
near-optimal code for specific machines. These efforts in-
clude the CMSSL library [13], Atlas at the University of
Tennessee and Oak Ridge [20], and UHFFT at the Univer-
sity of Houston [16]. All these efforts used precompiled and
optimized kernels that are selected dynamically.

Another obstacle to achieving high performance is the
fact that the shape and size of many of the application data
structures will not be known until run time. Thisis particu-
larly true in applications that use adaptive or dynamic data
structures, which areincreasingly common in serious scien-
tific applications. Within the telescoping languages frame-
work, this problem can be addressed, at the cost of initial
code space, by including alternative implementationsin the
object code for the application and sel ecting the correct one
dynamically at run time in a preprocessing step that takes
placeright after the parametersin question are known. This
strategy is similar to the dynamic compilation strategies in
Java [19] and the inspector-executor method for compiling
irregular applications for parallel execution [5].

Although these strategies are not unique to telescoping
languages, the framework makes it possible to automate
many of the steps in tailoring libraries so that the library
developer need only identify shared compute-intensive ker-
nels along with test drivers—leaving the specific optimiza-
tions to the library precompilation system.

Application: User-Defined HPF Distributions

The telescoping languages strategy described in this pa-
per is designed to support high-level programming sys-
tems based on libraries that add functionality particular to
a problem-solving domain. However, the technology has
many other useful applications that demonstrate its advan-
tages over traditional interprocedural compilation systems.
Here we will describe an application to the compilation of
High Performance Fortran (HPF).

One reason that HPF has not been as successful as its
designers envisioned is its lack of flexibility. HPF offers a
fixed set of distribution strategies that are suitable for many
scientific applications, particularly those that are defined on
regular meshes. However, it provides no way for the defined
collection of distributions to be extended. This means that
there is no way for a user to add support for a specific dis-
tribution strategy that is not built in to the language. Many
users who would otherwise use HPF, are unable to do so
because their problem is defined on an irregular mesh or

requires some sort of custom distribution.

The telescoping languages strategy could help overcome
this disadvantage if HPF permitted user-defined distribu-
tions. In reality, a distribution can be thought of as any li-
brary that provides a certain interface, with arequired set of
entries. For example, adistribution needs to be able to store
or load a particular element, it must be able to produce the
number of the processor that owns a particular element, and
it should be ableto load or storeall or parts of array columns
or rows.

Once a distribution is defined, it could be exhaustively
precompiled to be integrated into the base language. It
could then be used by the HPF compiler to perform its nor-
mal optimizations, invoking (and possibly inlining) calls
to the distribution library. Such a strategy would permit
a much easier way of experimenting with new distribution
mechanisms for sparse matrices and out-of-core arrays.

As an example of an interesting optimization that could
be performed with any distribution, consider aloop that it-
eratively accesses the elements of a single array column:

DOl =1, N
B(1) = A(1,J) * C
ENDDO

If the array A is distributed via a distribution library, the
naive way to implement the accesses to A is to repeatedly
call the “load single element” entry point. However, acom-
piler could recognize that the loop is accessing successive
elementsin a column of A and call the (presumably faster)
entry that provides contiguous portions of a single column.
This is a direct analog of the conventional optimization
known as reduction in strength[1].

Such a mechanism could be used to add two different
new distributions that have been proposed since the final
version of the HPF standard was adopted:

e Face-Filling Curves. A number of researchers have
experimented with Hilbert curves—also known as
space-filling curves—for distribution of adaptive prob-
lems [17]. Space-filling curves provide a natural way
to lay out irregular data so that items that are close to
one another in physical space are close to one another
on the curve. Thus, the Hilbert curve provides a lin-
ear layout of the data items of relevance to the prob-
lem. Thislinear representation can be subdivided into
equal parts for distribution without generating enor-
mous amounts of communication.

e Out-of-Core Arrays. User-defined distributions could
also be used to develop support for out-of-core arrays,
because disk could be just an extension to local mem-
ory from the perspective of a distribution library. In
this model, al the transformations used to enhance lo-
cality in a problem would translate to minimization of
I/O operations in the out-of-core distribution.



Summary

The telescoping languages strategy provides a new ap-
proach to the implementation of high-level, domain-specific
problem-solving environments. By expending extensive
compilation time on preprocessing the domain specific li-
braries that provide functionality to the system, it may be
possible to use afast compilation step to produce code from
scripts that is efficient enough for production use on scien-
tific problems. The basic idea is to have the library com-
pilation process produce an extensive database of special-
ized implementations that can be selected at script compi-
lation time. In addition a similar strategy can be used to
select from among implementations optimized for differ-
ent computing platforms, ensuring that good performance
is portable across multiple platforms.
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