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Bogus Expressions

When programmers are first learning a new progra
ming language, they are likely to get both syntax and conce
wrong at times. This leads to what we sometimes call “bog
expressions. The term bogus has taken on a rather bro
meaning in hacker patois than you'll find in the avera
dictionary, but it has a nice ring. So do the derived ter
“bogosities” and “bogons”.

Since Icon has a richer expression-evaluation mec
nism than most programming languages, it offers more opy
tunities for bogosities, which may strike more experienc
programmers, if not their novice authors, as amusing. Here
some examples we've seen.

1. Inside-Out Expressions
This kind of thing turns up quite frequently:
write(every 1 to 10)

It's syntactically correct, but it doesn’t “do” anything.
The argument ofvrite() is anevery expression. The

2. Confused Returns

We've probably seen more confusing usages in returns
from procedure calls than in any other category of expressions.
Here’s one:

return fail

This one does what its author probably intended — it causes the
procedure call in which it occurs to fail. But it's bogus on the
face of it.

A return expression evaluates its argument. If the argu-
ment produces a value, that value is returned. If the argument
fails, the procedure call fails — in other wordsturn pro-
duces theoutcomeof its argument. In the case above, the
evaluation offail causes the function call to fail before the

[ evaluation ofeturn completes.

pts  Another example of confusion in returning is

S”

pder

hewhich presumably doesn’t do what its author intended.

ns An omitted argument tguspend is like an omitted
argument in a function call — it's equivalent&aull. In the

haexpression above, the procedure suspends with the null value

ofin the middle of evaluatingeturn). If it's resumed, the

psuspend expression (likevery) fails. Since it's the argument

af return, the procedure call then fails.

Here's another one:

return suspend

suspend &fail

This expression does not suspend nor does it cause the proce-
dure call to fail — it does nothing. Buspend expression
suspends with the results generated by its argument. If its
argument doesn’t produce a result (as in the case here), it
doesn’t suspend at all, and program execution continues with

every expression forces its argument to generate 1 throligthe next expression after thespend — a confusing “no-op”.

10. But there’s nothing to use these values and after the
one is producedevery fails, as all loops do when they
terminate (unless bireak). Since the argument ofrite()
fails, nothing is written.

What the author of this inside-out expression presu
ably intended was

every write(1 to 10)

The argument that the first version “has botleegry and a
write()” doesn’t quite get to root of the problem.

last )
3. Redundancies

Here’s another kind of expression we see fairly often:

every suspend 1 to 10
m_
The author of this expression apparently didn't know that
suspend suspends with every result produced by its argument.

Infact,suspend is just likeevery except for the fact that
it suspends with every result produced by its argument. And
suspend, likeevery, fails when there are no more results from
its argument. So, inthe case above, the argumewety fails.
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We’ve heard novice programmers say “But | just wante
to make sure.” Sure.

Here’s another misguided useaery:

every if s == Ix then ...

What was intended here presumably was to be!sureo-
duced allits values. It produces as many as needed as ther
of goal-directed evaluatioavery has nothing to do with that.

Since the expression above evaluatesifttieen ex-
pression the same way, whether or notebery is hanging
out front (waiting for théf-then expression to do something),
the author may say, “Well, it worked”, which is more than cg
be said for this monstrosity:

if every (s == Ix) then ...
We'll end with an fairly common usage that isn’
wrong; it’s just unnecessarily complex:
every s :=Ix do
suspend s
All that's needed is
suspend Ix

If you've encountered bogus or silly expressions
Icon, let us know. If we get enough more, we'll list them in
future issue of thénalyst. And, it you're the perpetrator,
we’ll protect your identity.

el

A String Evaluator

We've been asked many times for a version of Icon th
would allow the user to type in Icon expressions and hg
them evaluated on the spot. For example, with such a facil
you could type in

write(repl("hello ", 3))

and the output would be
hello hello hello

Such a facility would be particularly handy for person
learning Icon. They could just try out various expressions a
see what they do without having to edit, compile, and rur
complete Icon program. And there are plenty of times wh
we could have used such a facility when testing new featu
for Icon or in trying to run down bugs.

While Icon itself doesn’t have such a facility (and i
wouldn’'t be easy to add one), it can be done with an Ic
program. In fact, there are very capable programs in the Id

d astring for a function name or operator into the actual function
or operator.

The general problem of evaluating a string representing
an Icon expression is fairly complicated. We’'ll consider a
simpler problem here to illustrate what string invocation can
do: a procedure to evaluate function calls with simple literal
bsi@tguments.

Starting with a Special Case

Our approach to such a problem is to start with a simple
special case and then see how it can be generalized.

Suppose for example, we start with a string that repre-
sents a function call with a single numeric argument, such as
"sin(2.5)". We'll also assume such strings are syntactically
correct, and worry about error checking later (or maybe not at
all). Then it's just a matter of string scanning to get the name
of the function and its argument, followed by string invoca-
tion to apply the function to its argument:

procedure feval(exp)
local fnc, arg

exp ?{
fnc := tab(upto('("))
move(1)
arg := tab(upto()")
}

suspend fnc(arg)
end

The values ofnc andarg are, of course, strings. For
example, ifexp is "sin(2.5)" then the last expression in
feval() is equivalent to

at
ve
ty, String invocation takes care of getting from the sttgig" to
the functionsin and automatic type conversion takes care of
converting the string2.5" to the real number 2.5.

You mightask why we usetispend instead ofeturn.
We're planning ahead. It's always safe to gaspend in
place ofreturn when its argument expression produces one
value. If the argument expressions fails, control flows off the
S end of the procedure, causing its invocation to fail, as it
Ndshould. By usinguspend, feval() can be used to generate
aresults ifexp represents the call of a function that is a
EN generator.

€S It's worth noting thafeval() works for unary (prefix)
operators if parentheses are placed around the argument. For
example,

feval("?(10)")

suspend "sin"("2.5")

!
olpl
on

program library for evaluating lcon expressions represemledproduces a randomly selected integer in the range of 1 to 10,

by strings.
The key to evaluating an lcon expression represented

inclusive, and
as every write(feval("!(487)"))

a string is string invocation, the feature of Icon that conve
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writes4, 8, and7.

feval() also works for (programmer-defined) proce}t

dures in the same manner as for (built-in) functions. Stri
invocation handles both.

A simple use ofeval() might be something like this:
procedure main()

while exp ;= read() do
every write(feval(exp))

end

Actually, some error checking is needed; we'll leav
that as an exercisdint; Look at the functioproc() if you're
not already familiar with it.

Generalizing

Of coursefeval() as given above is quite limited. If the]
argument to the function &xp is a quoted literal, the quoteg

argument after consuming the punctuation character follow-
ing the argument. The arguments then can be accumulated in
a list, so thafeval() might start like this:

E procedure feval(exp)

local fnc, arglist

arglist :=[]
exp ?{
fnc := getfnc()
while put(arglist, getarg()) do

Good enough, but there’s now the question of how to

g
applyfnc to its arguments. One possibility is

suspend case [arglist of {

1: fnc(arglist[1])
2: fnc(arglist[1], arglist[2])

That's plain ugly. And even if you're willing to do the

are included as part of the argument — not exactly what yol'd work to provide for as many arguments are you're likely to

want. And if the argument string contains a right parenthes
the naive string scanning used above thinks it's the clos
parenthesis for the call and discards the rest of the string.
probably will see other potential problems.

is,ever see, you can't make it completely general. There’'s no
Ndlimit to the number of formal parameters that can be declared
OUor a procedure.

There’s a much easier and more elegant method, which

There also are cases where relying on automatic typejs completely general: list invocation. All that's needed is

conversion for the value airg won't produce the intended
result, as in

feval("type(3)")

All of these problems can be passed off to a proceddire

getarg(), which gets the argument and converts it to tk
correct type, as well as handling omitted arguments. We
leave that as an exercise — doing it may give you some insi
into string scanning and the details of Icon’s literal constan|

If you don’t want to bother, look in the Icon program library.

We'll also postulate a procedugetfnc() to get the function
name. It's not needed here, but it might be hantgvil() is
further generalized.

With the “vanilla” versions of these procedures, th
package becomes

procedure feval(exp)
local fnc, arg

exp ?{
fnc := getfnc()
move(1)
arg := getarg()
}

suspend fnc(arg)
end
Another limitation offeval() is that it only handles

function calls with one argument. It’s not difficult to parse th
argumentlist, given a procedgetarg() that returns the next

suspend fnc ! arglist

The whole procedure comes down to this:

procedure feval(exp)

e local fnc, arglist

"Nl
ght
[S.

arglist :=[]

exp ?{
fnc ;= getfnc()
while put(arglist, getarg())
}

suspend fnc ! arglist

end

Whatfeval() now can handle by way of function calls
is only limited by the capabilities gfetfnc() andgetarg().
For example, ifgetarg() encounters a function call in an
argument, it could cafeval() recursively, and similarly for
getfnc() — it's possible for a function call to produce a
function. We'll leave these possible extensions as exercises.

Alternatives

There are other ways of approaching the problem of
evaluating a string that represents an Icon expression; ones
that are more general and very different from the technique
used here. There’s material of this kind scheduled for future
updates to the Icon program library and we’ll have more to say
on this subject in future articles in tfenalyst.
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String Allocation

Background

Strings that are created during the execution of an IG
program are stored at a place in memory called the str
region. Strings in the string region are allocated contiguouq
starting at the beginning. Thus, the string region is divid
into two portions: an allocated portion and a free portio|
Whenever a new string is created, it is added to the end of
allocated portion of the string region, decreasing the siz¢
the free portion. The string region can be depicted as a Iq
sequence of characters:

1

old free

sl [s2 ]

T

new free

T

end

free space

where free identifies the boundary between the allocate
space and the free space. Of course, there are many n
characters in the string region than suggested by this diag
— typically 65K of them.

If the free portion is not large enough to hold a new
created string, a garbage collection is performed, discard
strings that are no longer needed and compressing the 3
cated part, making more room in the free part. See Refere]
1 for more information about the details of allocation ar
garbage collection.

Strings created during program execution, called all

cated strings, are not null-terminated as they are in C and spme

other programming languages. Null-termination, which ad
a character with code zero to the end of a string, is used
means of finding the end of a string. Icon accomplishes this|

keeping both a pointer to the first character of a string and|its

length in an Icon string value.

This method makes computation of the length of|a

string fast, and it also allows null characters to appear in I
strings. Perhaps more important, a substring of an exist
string can be formed by changing only the pointer to the fi

sli:]]
r does not allocate any space in the string region.

S. Several Icon operations do allocate space in the string
€ region, the most notable being reading and concatenation.

Concatenation

Concatenation works by copying its two argument
strings to the end of the allocated portion of the string region.
The result of

sl||s2

Or]can be depicted as follows:

ng

ly, " | [ s1 [s2 | |
bd

. free space

the old free new free end

of

ng In general, such a concatenation allocates space for

(81 + [B2

characters and copies that many characters.

One of the problems with concatenating in this fashion
is illustrated by the following program segment that builds up
a string piece by piece:

d result :=
hore

am

while s :=read() do
result :=result || s

y In the loop, space is allocated for the string that is read,

ngwhich then is assigned $o The concatenation then allocates

lllospace foresult ands, and the resulting string is assigned back

hcdoresult. Note that all new string data comes from reading. If

d the successive strings read are indicated by subscripts, the
pattern of allocation is

D-
D

S,5,5,5,5,5,5,5,5,5,5, S,5,S, ...

Hs Every previously read string is copied to perform the

s gext concatenation. Although the previous valuesesiilt

by are discarded when a garbage collection occurs, the amount of

space allocated is clearly much larger than is needed for the

final result. In addition, garbage collection can be expensive,

and the cost of garbage collection may depend on other things

that have gone on during program execution, not just on the
concatenation loop.

ng

st If you look at the final result of the concatenation loop,
S you'll see it’s just

:»-

on

character and the length, whereas with null termination, i
generally necessary to copy a portion of the existing stri

$,S,S;S, ..

gy

since aterminating null character would overwrite a character

in the string of which it's a part. A substring operation in lcgn

such as
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Optimizations

Short of changing the way concatenation, and he
string allocation, is done, the question becomes a m
general one: “Are there situations in which it's not necess

to allocate all of the space needed in the most general cgse

One situation is when one or both of the arguments
concatenation is the empty string, in which case no concat
tion or allocation is necessary. We’'ll come back to this ¢
later.

There are two other situations that lend themselve
optimizations.

Optimization 1:The code segment discussed abo
illustrates a situation in which an optimization is possible.
the loop is evaluated repeatedhgsult is the last string
allocated when another string is read in and assignetiyo
the next iteration of the loop. After reading, but befo
concatenating, the last two allocated stringgesalt ands.
But that’s exactly what's needed for the concatenation!

In other words, because of the order in which strings
allocated,result ands are already concatenated. And
doesn’t take much to check for this situation, since an |
string value contains a pointer to its first character and
length. For the concatenation

sl]|s2

pseudo-code for the check looks like this:
if loc(sl) + len(sl) = loc(s2) then ... # done

If this test succeeds, no allocation is done, the new v
points tos1, and its length is the sum of the lengthsband
s2.

With this optimization, the pattern of allocation for th
loop given earlier is

$,S5,5;S,...

which is exactly what's needed for the final result, with
extra allocation.

Note that the test above is more general, and apg
anywhere in the allocated portion of the string region,
though the chance of its succeeding anywhere but for the
two allocated strings is small.

Optimization 2:There’s another situation in which pa
of the allocation for concatenation can be avoided — when
first argument of the concatenation is the last allocated st
and hence at the end of the allocated portion of the st
region:

if loc(s1) + len(s1) = free then ... # don’t copy
Inthis case, it's only necessary to append the second argu
of the concatenation to the end of the string region.

A situation in which Optimization 2 applies is shown k

result :=

while s :=read() do

In the absence of Optimization 2, the pattern of allocation for

the loop is
nce

ore
ary

se?”
With Optimization 2, the allocation pattern is

S, §,85,8,S

25,5;,85,S

332S

1 S,S

25,5

453 S

5 Sy e

of
bna-
hse

S,S

35,5, 5,8

.S, S

S, S,8, S 3 S, S, ..

1

The savings aren’t as great as for Optimization 1; you
L to can't expect to reverse the order of strings, which is what is
happening here, without some copying.

Xi Other Optimizations

Earlier we skipped over the situation in which one or
both of the arguments of concatenation is the empty string.
€ This sounds like a situation worth checking, since when it
occurs, no allocation is necessary.

There’s akicker, however: The test has to be applied for
every concatenation. It turns out that the cumulative cost of
checking for this situation takes more time on the average than
ON it saves (which is not true for Optimizations 1 and 2).

the o

There’'s amoral here: An optimization may sound good,
but the cost of testing for a special case may outweigh the
savings when it does apply.

Some interesting examples of this occur in an imple-
mentation of SNOBOL4 that included some clever “heuris-
tics” that turned out to be unfortunate in practice [2].

The trouble is that optimizations usually can't be evalu-
ated analytically. And it may be very time-consuming and
expensive to evaluate them in practice. The natural tendency
is to rely on an intuitive feeling of the usefulness of an
optimization. Such intuition often is faulty.

are

llue

Other Allocation Strategies

10 If you think about how Icon allocates string space,

you'll notice that the same string may occur in many different
liesplaces in Icon’s allocated string region.

al- Occasionally someone suggests that before allocating a

lastyeyy string, there should be a search to see if it already exists.
This certainly is a bad idea — it's very expensive to perform

t  character comparisons just on the chance of finding a copy of

thea string that can be “re-used”.

Ing Adifferentideawould be to putall strings in a hash table

NG 3], so that each different string would be allocated only once.
Although there are some fast and clever hashing techniques,
they eventually come down to character comparison, which is
guite expensive compared to an occasional garbage collection

MeN remove unused strings. Furthermore, in a hashing scheme,
the sharing of characters among substrings is not possible.

But again, the only way to be sure about this is to
actually try it (or possibly simulate it, although a simulation in
a case like this is difficult and error-prone). This would be a
major effort, and one hardly worth undertaking, especially

y

result := s || result

when the expectation clearly is negative.

@The Jeon Analyst / 5



The Whole Truth

Optimization 2 has a long standing. It was first used,
our knowledge, inthe SPITBOL implementation of SNOBOL
[4] and was incorporated in the first implementation of Ico

Although we’ve given Optimization 1 priority in this
article because itis so effective, this optimization didn’t occ
to us until we started to write this article and, in the processg

showing that Optimization 2 did not apply to appending to §n

evolving string, discovered there was a better optimizati
that did apply.

Optimization 1 was not included in Icon until Version

8.4, so if you're running an earlier version, your programs

won’t benefit from this optimization.

Taking Advantage of the Optimizations

In most cases, the optimizations for string concaterfa
tion, like other aspects of the implementation of Icon, are “jyst
there” and you needn'’t think about them when you program

On the other hand, if you like to hone your programs f
maximum performance, you may want to give a little thoug
to taking advantage of the concatenation optimizations.

One thing to watch out for is intermediate allocatio
that defeats the optimizations. For example, in

result :=

while s :=read() do {
write(repl("=", [8))
result :=result || s

}
the allocation for
repl("=", [¥)
follows the allocation for
read()

and defeats Optimization 1 that otherwise would apply.

On the other hand, other strings can be appended to
concatenation without additional allocation, as in

result :=

while s :=read() do
result :=result || s ||

Here, Optimization 1 applies to the first (left) concatenatio
while Optimzation 2 applies to the second (right) concater
tion.

marker := marker || "+"

to does.

a One situation in which Optimization 1 may apply at a
N. place other than at the end of the string region occurs in string
scanning. For example, in

text ?{
if t ;= tab(many(&letters)) then
t:=t]| tab(upto(’ ") | 0)
}
tab(many(&letters)) andtab(upto(’ ') | 0) are adjacent in

text, which need not be at the end of the allocated portion of
the string region.

ir
of

DN

Output as a Weak Form of Concatenation

i Jim Gimpel likes to call output a “weak form of concat-
enation”. His point is that when a string is written to a file
sequentially, it is automatically appended to (concatenated

"onto) the last string written.

As shown above, the concatenation of strings in a
program requires the allocation of space (which may eventu-
ally result in a garbage collection) and also the copying of
characters. This is costly compared to, say, arithmetic.

In many programs, most strings that are built up by
concatenation are eventually written to a file. If you can
arrange to write the strings as they are computed and in the
order they need to be output, you can save the costs involved
in concatenation.

As a very simple example, it's considerably more
efficient to use

n

Dr
ht

write(s1, s2)

than to use
write(sl || s2)

It's often possible to avoid actual concatenation alto-
gether in programs that transform input data. Sometimes all it
theakes to use output instead of concatenation is looking at the
problem in the right way. In fact, it can be fun to see how far
you can carry this. We'll have an example of such a program
in the next issue of thAnalyst.
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Type Inference in the Icon Compiler

The Icon compiler performs several kinds of optimizg
tions in order to produce faster and smaller code. The sub
of optimization is, in general, a complex one. If you'r

interested in the details of what goes on inside the Icp

compiler in this regard, you may wish to get a copy of Ke
Walker's doctoral dissertation [1].

One of the most important optimizations involves typ
inference. Type inference refersto the process of determini

by analysis of a program, what set of types the operands o

operations may have at different places in the program.

Types in Icon

As you know, unlike most programming language
Icon has no type declarations. In fact, a variable in Icon g
and usually does take on values of different types duri
program execution. Another way of looking at this is to sa

that Icon’s variables are not typed, but its values are. An Idon

value contains within it information that identifies its type.

There are several reasons why Icon does not have t
declarations and hence a compile-time type system:

* It saves programmers from having to write a lot @
tedious type declarations.

* It allows useful programming techniques, such ast
ability to write a procedure that takes arguments of differe
types and returns values of different types.

« It allows heterogeneous structures, such as lists t
contain both integers and real numbers.

Eveniflcon had a compile-time type system, it couldn
be complete because of Icon’s pointer semantics — i
possible to have a list of lists, a list of lists of lists, and so g

Despite the lack of type declarations, Icon has a stro
run-time type system in the sense that all operations check

Type Usage

Although Icon does not dictate what types of values can
be assigned to variables, most Icon programmers use most
variables in a type-consistent way. For example, if a variable
isused as acounter, itlikely to be assigned only integer values.
This type consistency is a by-product of good programming
style. It makes sense to associate a particular use with a
particular variable and hence for it to be assigned values of
only one type throughout program execution. Similarly, the
operand of an operation usually always has the same type.

Of course, there are exceptions to this. These excep-
tions may be for very good reasons, as in heterogenous
ecstructures, they may be accidental, or they may be the result
X of_ “slop_py” programming — we’ve been known to write
‘nthmgs like

n X := sort(x)

to convert a set into a sorted list.

ﬁg Earlier we said variables usually have values of differ-
Fnt types during program execution. This seems to contradict

our claim that most variables are used in a type-consistent

way. The reason most variables have different types during

program execution is that all variables have the null value

initially. But this really is a special case that does not affect

5, subsequent type usage.

an

ng Determining Type Usage

Ly

M The observable fact that most operands of operations

are type-consistent suggests that an analysis of the program
can detect where type checking is not needed and generate
P&ode without the type checking. Thisis, in fact, one of the most
important kinds of optimizations the Icon compiler makes.

Both the theory and the implementation of type infer-
ence for Icon are complicated. We again refer you to Refer-
e ence 1 for the details. A few simple examples indicate what's
nt possible.

Consider the following program segment:

f

pat g

t while line := read() do
s text :=text || "," || line
n.

It's obvious that the arguments of the two concatena-
hgtions are stringdext is a string prior to the loop by virtue of
thehe assignment to it. In the lodgxt is always assigned the

types of their arguments to be sure that they are correct. Algngesult of concatenation, which again is a string. The literal is

with this run-time type checking, inappropriate types a
automatically converted (“coerced”) to the appropriate ones
possible.

The problem with this is that type checking takes timg.

And in the Icon interpreter, it's done for all operation
repeatedly, whether or not the types are correct. This a
significantly to execution time.

e of course a string, arlthe is a string because it is assigned a
if string as the result a€ad() in the control expression of the
while loop; ifread() fails, the expression in thi® clause is

not evaluated. It's clear, therefore, that the concatenations do
not need to check the types of their arguments.

ds Note also that at the termination of the lotgxt is a
string, althougtine may not be (if it wasn’t a string before the

e
5

i
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loop andread() failed the first time through the loop).liie
had some other type before the loop, it may be either that t
or a string after the loop.

This suggests how type inference can be performsg
Some operations are known to produce values of spec
types. The types of values an expression may have depen
the path of execution. For example, if there are alternat
paths, a variable may have values of different types at diff
ent times at a particular point in the program.

Now consider what happens in the example above if
inappropriate type is used:

text :=

while line :=read() do
text :=text||"," || line

One of the arguments of concatenation now is a cg
which must be converted to a string. Since concatenation, |
most infix operations, is left-associative, the arguments gro
as

(text || ,") || line

the type assigned tt8 depends on the typesrdf andn2, but
peit can be only an integer or a real number.

So you can see the situation is complicated and that the

d. types an operation may produce depend not only on program

fic flow but also on the properties of the operation.
d on

ve The Inferencing Process

pr-

In order to perform type inference, the compiler must be
able to model program execution to the extent necessary to
determine the set of possible types that expressions may
produce.

To do this, the compiler builds a representation of the
program and performs what's calledstract interpretation
In order for this process to be practical and so that termination
can be assured, only certain aspects of program execution are
Bl handled. For example, only types, not actual values, are
keconsidered. This may, of course, result in less perfect type
UP inference than is theoretically possible; this is a compromise
with reality. In practice, fairly crude type inferencing methods
yield reasonable results and the fairly sophisticated one used
by the Icon compiler usually comes close to what is theoreti-

AN

which means that the first concatenation must convertits right cally possible.

argument to a string, but the second concatenation does
have to convert either of its arguments.

Of course, asmart compiler could replace the cset lite
in this situation by the equivalent string literal and avoid tyy
checking code for the first concatenation. It's not cled

however, that this kind of thing happens in real programs ofte

enough to make it worthwhile for the compiler to check.

There are several reasons why the possible types
expression may have can be uncertain. One of these is bec
some Icon expressions can falil, as illustrated above. Thi
true even in simple assignment expressions. For exam
after evaluating

loc := find(header)

The value ofoc can either be an integer fifd() succeeds)
or whatever it was before f(iind() fails). Note that all vari-

ables always have some value; null if nothing else. Thiis

assignments that can fail tend to add to the possible type
variable can have. On the other hand, an assignment suc

line :=repl("=", 10)

always results ifine having a value of type string at the place

not Inan addition to the simple kinds of situations discussed

above, to be effective, type inference must be able to deal with
al two other aspects of Icon: structures and functions.

€ As mentioned above, a structure can be heterogeneous
" and have elements of different types. Each element of a
N structure is a variable, of course, but it's not practical to treat

each one separately. It may not even be possible to determine
arthe size of a list. Therefore, if a list contains both integers and
AUS@al numbers, each list element is treated as if it could be an
b iSinteger or a real.

ple, Furthermore, most structures in Icon can grow and
shrink. Thus, if a string is pushed on a list that formerly
contained only integers and real numbers, every element of
the list is now treated as if it could be a string, integer, or real
number.

While there are situations where this treatment of struc-
s’ ures leads to poor type inferencing, in most cases it does quite
h a\é/gll, primarily because of the way most Icon programs are
written.

It's also not possible to keep track of individual struc-
tures — in fact, there is no way to know how many there will

a)

in the program after this expression. However, it's not trjie b€, since that can, for example, depend on the data on which

that an assignment that can’t fail always leaves the variablg
which the value is assigned with only one possible type. |

X2 := copy(x1)

the type ofx2 after the assignment depends entirely on the

type ofx1.
Similarly, in
n3:=nl+n2

L tothe program operates. The type inferencing system handles
h this by assigning a distinct structure type to dachtionin
the program where a structure can be created. For example, in

tags := ["first", "second", "third"]
counts:=[0,1, 2,3,4,5,6, 7,8, 9]
two different list types are associated with the two list-

creation operations. Lists created at the first site are initially
lists of strings, while those at the second site are initially lists

8/ @The Jeon Analyst



of integers. It's important to understand that the typd
inferencing system treats the lists created at the two sitesfas
two different types, although in Icon they are the same typ¢.
Thus, the type inferencing system adds types of its own To
assist in the inferencing process.

Functions also require separate handling. In order fg
the compiler to do a good job of type inference, it needs t
use information about functions: what types of argument|
they require, what types of values they produce, and wheth
or not they can fail.

In most Icon programs, functions are what they apped
to bereverse(x) is afunction that expects a string argument
and produces a string value. Howeveverse is a variable,
and it's possible to make an assignment to it, as in

DU O =

=

reverse := pop

so thatreverse(x) may mean something entirely different
from what it appears to mean.

Changing the value of an identifier that initially is a
function is rarely done intentionally, but the compiler must
take the possibility into account in order to do correct typg
inferencing. The compiler does this by first checking fo
function-valued identifiers that may have values assigned
them and by treating each of these as a separate type
subsequent type inference.

Procedures are handled the same way as functions:
There’s no difference to the type inferencing system bsg
tween the two.

—. O

n

n

Using Type Information

The compiler uses information derived from type
inference to eliminate unnecessary type conversions.

In the worst case, in which nothing can be inferred
about the arguments of an operation, a general form of th
operation, with complete type checking and coercion, i
used, and itusually is handled by a call to a routine in the rui-
time library. This most general form of the operation is
essentially the same as the one used in all situations by t
interpreter.

If type inference provides more specific information
about the possible types for one or more arguments, the mgst
general routine is tailored by pruning out type checking anfl
coercion code. The result may be sufficiently small that i
can be placed in-line in the generated code.

e

»

he

The Benefits of Type Inference

As we mentioned earlier, Icon programmers tend tc
use types in a consistent way, despite the freedom Icgn
allows to do otherwise. This is an empirical observation —
ifitweren’ttrue, there would be little pointin type inference.

Type consistency varies considerably from progran
to program. In the Icon program library, the range is fron

about 60% to 100%, with the average being about 80%. In
some cases a low percentage is inherent in what the program
does. In other cases, it is the result of how the program was
written. These figures are, incidentally, from the type infer-
ence system in the compiler. The actual percentages may be
somewhat higher, since the type inference system isn’t perfect
— it can't be, actually. However, it does a better job than a
human being can do by hand. Our experience has been that
when we’ve suspected a defect in the type inference system,
we’ve found out instead that we were wrong and it was right.
We think the present inferencing system is good enough that
work to improve it is not justified. In any event, the figures
given for type consistency above are what's determined by the
compiler, which is what counts.
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There are two ways to measure the effectiveness of ty
inference in reducing execution time: (1) the effect it has
the time it takes to evaluate expressions in isolation and
how much time it saves in the execution of typical program

peincluding some real monsters. The observed time complexity
bn from these tests is only 6¥.

2) From a practical point of view, type inference is very
S fast for small programs. For large ones, type inference can be

The problem here is that some programs spend much ofslow, but it's not impossibly slow.

their execution time in operations like table lookup an
storage management, which have nothing directly to do w
expression evaluation and which are unaffected by optimi3
tions resulting from type inference. The bottom line, g
course, is how much type inference increases the spee
program execution. It does no good to optimize somethi
that consumes an insignificant amount of time.

Just considering individual expressions, it is possible

get dramatic improvements in execution speed. For example,

1+2+3+4

executes about 5.8 times faster with optimizations resulti
from type inference than without them. If you have the Icd
compiler and the latest version of the Icon program librar
you can try other expressions yourselfempg.icn can be

used to time expressions in either the compiler or the inter

preter.

Of course, what really counts is not individual expre$

sions, but complete programs, which brings in the issue
execution time spent where the compiler can'’t reach.

Overall, the improvement in execution speed of con
piled code over interpreted code ranges from nearly zero 1

factor of seven or eight, with something between three gnd

four being typical. But that includes all optimizations. Wh4
does type inference contribute? That can be determined
turning off type inference and leaving other optimization

For most programs, type inference contributes about one- aft

the total speed improvement. So you might expect ty
inference to contribute a factor of perhaps two to executi
speed over the interpreter.

The Cost of Type Inference

Type inference is a complex process and it can requ
considerable computational resources, both in time a
memory.

A worst-case analysis shows that type inference h
time complexity of Of"), wheren is the size of the program.
(In this context, program size refers roughly to the number|
variables and operations.) In other words, the amount of ti
it possibly can take for type inference is proportional to t
seventh power of the size of the program. If that were red
the case in practice, it would be truly alarming — the time f
type inference in a 100-line program could be 10,000,0
times longer than for a 10-line program.

While it's possible to contrive programs that achiev
the O€) figure, it's very difficult to do and nothing like this

fe

d The amount of space required for type inference also is
tha concern. A worst-case analysis gives a space complexity of
a-O(n®). In practice, it seems to be more liken®( This

f definitely can be a limiting factor for a large program com-

) 0f)iled on a platform with a small amount of memory. It's one
9 thing to have to wait a long time for an Icon program to
compile, but it's quite another to have it fail to compile
to because of lack of memory.

Fortunately, if type inference requires too much in the
way of resources, it can be disabled by a command-line
option.

ng )

n Open Questions

Y It seems obvious that you can get more out of type

_inference by taking care in the way you program, although
there are pitfalls as noted below.

The questions are how much benefit you can get and
what you need to do to get it.

At present, these matters are somewhat murky. If a
program already has a high degree of type consistency,
o_aincreasing its type consistency probably isn't going to help
much, unless a type inconsistency at a critical place is having
;@ big effect (the figures given above are static ones and don’t
b ytake into account how often different expressions are evalu-
| ““ated). But suppose you have a program with a type consis-
"I ency of 60% that could be improved to 100% (such improve-

U

b~

of

=

ments are not always possible — in fact, they rarely are).
You'd expect to get a noticeable improvement in execution
speed.

We've worked on several programs with mixed results.
One problem is that type inference is complicated and even
knowing what type inference discovers on a per-expression
irebasis doesn’t always lead to obvious improvements. It's also
ndeasy to out-smart yourself — increasing type consistency
actually can slow a program down if what you do introduces
s additional computations into the program.

We hope to develop some programming guidelines that
of will be easy to follow and that will lead to improved program
eperformance without requiring an advanced degree in type
inference. Better yet, we're looking at the possibility of
lly developing tools that work in conjunction with type inferencing
Dr to assist programmers in improving the performance of their
DO programs. Program visualization, which is one of the focuses

of our current research, seems particularly apt here.

It's worth remembering, however, that execution speed
isn't everything. There are plenty of programs in which

pe
olpl

e

kind of time complexity occurs in “real” programs. We've

execution speed isn’t important at all. And one of the virtues

timed type inference on a large number of Icon progranrs,of Icon is that it makes programming easy and even fun.
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That's not compatible with excessive concern for perfd
mance. But in those cases where performance must k
serious consideration, help is on its way.

Reference

1. The Implementation of an Optimizing Compiler for lcon
Kenneth Walker, technical report TR 91-16, Department|of
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Building
Lists

Icon often pro-
vides several
ways of doing
the same thing.
hi Such alterna-
4 tives add rich-
-1;- ness to the lan-
= b/ | E5' guage, but they

i i ﬁ

%

A

Programming Tl
' Tips =

also mean you
have to choose
4 among them.
Sometimes stylis-
tic concerns are
paramount, but there
are times when
guestions of speed
and storage re-
guirements need
consideration.
Worse, if you
happen to do

r- ods is dramatic — list concatenation is much slower than
e asingput(), and the performance of list concatenation be-

comes increasingly worse as the list becomes large.

Why is this? It partly has to do with how lists are
implemented, but there’s also a basic difference between the
two language features. Having to create a separate list for each
line of input in list concatenation should be a warning.

In list concatenation, both arguments must be lists;
hence the need for creating a one-element list. A new list is
created with enough space for the elements of both lists to be
concatenated, and then the elements of the two lists are copied
into the new list. In the case here, the result is then assigned
back tdines, replacing its former value. Note that the two lists
used in the concatenation are no longer needed once the
assignment is made. They are garbage collected if necessary,
but the net effect is a lot of allocation and copying.

This points up another problem with using list concat-
enation to add an element to a list. If there alreadynare
elements in the list, there must be enough memory for this list
and for the new list afi+1 elements; the space from the first
list is not available for re-use until after the assignment is
made back tdines. If nis large ...

Why should the use qfut() be better? In good part,
that's because the implementation of lists takes into account
the possibility that elements may be added by deque func-
tions. Space is provided in advance, and the addition of a new
element does not require the allocation of more space until
what's there is used up. If more space is needed, another block
is allocated, but all the elements that are already in the list are
unaffected.

The implementation of lists is rather sophisticated in
this regard. See References 1 and 2 for the details.

You might well argue that you shouldn’t have to be an
expert on the implementation of Icon to use it efficiently.
That's true, and if you look at the Icon language book [3], you
won'’t get much help either. The examples given there for list

something that's inappropriate and don't think of anothgr, concatenation illustrate the operation but also use a bad
better way, the impact on program performance can be sgeri-programming practice -the result of trying to provide ex-

ous.
List construction is a case in point. There are two bas

amples that are easy to understand without giving enough

ic attention to their appropriateness in practice. In the book’s

ways of building up a list one element at a time: list concatefa-defense, the subsequent examples of building lists use deque
tion and using the deque (“double-ended queue”) functions functions where they are the better choice.

put() andpush().

For example, in building up alist of lines from a file, yoli
might do it either of the two following ways:

lines =[]

while lines := lines ||| [read()]
or

lines =[]

while put(lines, read())

The difference in performance between the two met'ﬂ—

Downloading Icon Material

Most implementations of Icon are available for
downloading electronically:

BBS: (602) 621-2283

FTP: cs.arizona.edu (cd Zicon)
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In any event, the Icon language book does not atte
to say much about efficiency — it's a complicated a
advanced topic, and one that depends on implement
details that may change.

If you want a simple rule that is appropriate in mos

situations, it would be to use list concatenation only when yp

already have two lists to concatenate, and especially wi
they both are large. Don’t form a one-element list just so y
can add an element to another list by list concatenation.

When you have concerns about efficiency, and esj

cially when you're trying to chose between alternative prp-

gramming techniques, we recommend benchmarking [4-
The programempg.icn in the lcon program library makes
this easy. Sometimes it takes a little thought to find simg
expressions to compare performance. Here are the oneg w
used as input tempg for comparing list concatenation and
the deque method:

lines ;=[]

lines |[|:==[""]
and

lines ;=[]

put(lines, " ")

The first line in each case creates a list for subsequ
use, but evaluates it only once (the colon indicates this). T
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second expression, on the other hand, is evaluated repea

|||||I PN —_"

dly

(1,000 times is the default, but that can be changed when you

run the benchmarking programs).

In our benchmark tests, when run with 1,000 iterations, What's Commg Up

list concatenation takes more than 33 times longer than the
deque method. List concatenation also performs 73 garb ge
collections for the default 65KB block region, while the deqye

method doesn’t do a single garbage collection. For 5,

iterations, list concatenation takes more than 388 times lonper

In the next issue of thAnalyst, we'll have an article
on how to get to operating-system facilities from inside an
Icon program.

We’ll also have an article on encapsulating expressions

0

than the deque method and performs a rather amazing 2,090 procedures and the advantages this provides.

garbage collections, while the deque method still doesn’t do

a single garbage collection.

Another feature of the next issue will be an analysis of
a complete program from problem specification through the

In addition, since the list concatenation method requirps details of coding.

two large lists to be in memory at the same time, the bl

region expands to over 120KB. This only works on platfornms

that have enough memory. For example, you can't creat
5,000-element list one element at a time by using list cong
enation on an standard MS-DOS system.

Back Issues

Back issues of@he Jcon Analyst are
available for $5 each.

This price includes shipping in the Unitg
States, Canada, and Mexico. Add $2 per ordel
airmail postage to other countries.
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