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Merging Reports

Our first example is really excellent. It's a common little system administration utility. Its job is tc
two input directories for files, and copy the files into an output directory, which it creates for the
purpose. | love this program because it is a two-headed monster. What is disgusting and frighte
about two-headed monsters? Well, they have two heads, and two is too many heads! You are ¢
supposed to have one head. Almost everything in the program is repeated, once for the first ing
directory, and then again for the second input directory--it has two of everything. As a result, the
program is just about twice as big as it should have been.

The complete code is on page Program ??7?---that’s the "before" version. The "after" version is
Program ???. When | cite code in the upcoming discussion, I'll include line numbers only if I'm ¢
the original code.

On lines 19 and 20 we see the heart of the flaw in the program. The programmer made his big |
right here:

19 $! nput DI RL
20 $l nput DI R2

"./wuexport/";
"./lcuexport/";

By using two unrelated scalars instead of an array, the programmer made it difficult to perform 1



operations on each variable. Then he had to write each piece of code twice, shepdiop R1 and
once forsl nput DI R2. So this is the two-headed sperm that gave rise to the two-headed monster.

figure 1.1:sperm

This is a red flag, the red flag f&milies of variables. The corresponding Good Advice says that we
should consider replacing the family with an array. But there are only two variables. Isn't it silly 1
an array with only two elements? Perhaps, but not as silly as repeating every piece of code in t
program twice! And anyway, there might someday be a third input directory. What are we going
then, repeat everything in the program a third time? No, let's try the array and see where it take

@nputDIR = ("./wuexport", "./cuexport");

| trimmed the trailing slashes from the strings here. That was for two reasons. One reason was
of principle: the strings are supposed to be directory names, and the trailing slashes are not pat
directory names. The other reason was less accessible: my years of experience say that that's
thing to do. We’'ll see why shortly.

G abFi | eLi st ()

Now let’s take a loot at one of the program’s functions,@ayFi | eLi st , and see what changes we
have to make to it to make it work wighnput DI R

113 sub GrabFileList {

114 opendir (FILELI STDI R1, $I nput DI R1) ;
115 @ileListl = readdir (FILELISTDIR1);
116 closedir (FILELISTD R1);

117 opendir (FILELI STDI R2, $I nput DI R2) ;
118 @ileList2 = readdir (FILELISTD R2);
119 cl osedir (FILELISTDI R2);

120 }

This becomes:

sub G abFileList {

for ny $dir (@nputD R) {
opendir (FILELISTDIR, $dir);
push @ileList, map "$dir/$_", readdir FILELISTD R;
cl osedir FILELISTD R;

}



}

So we have 7 lines that become 5. Okay, big deal. | cut out two lines of code. That does not set
much. But another way to look at it is to see that | cut out 28% of the code. That sounds much r
impressive! But the real point here is that the transformation was easy and almost mechanical.

family of scalars, replace with array. Get rid of repeated code, replaceowitbop on array. Code cu
28%. If you could get rid of 28% of your entire program that easily, you would be overjoyed, wo
you? And once you have read this book you will find that you prolzablget rid of 28% of your enti
program that easily.

You probably noticed that | introduced another change to the function that | haven’t mentioned
What is therap doing there in the middle?

Implicit Relationships

Here is the problem. There are two kinds of input files. Some of them came from one of the inpt
directories, and some came from the other. Later, the program will need to copy these files, so |
need to remember which files came from which directory. Formerly, this informatiomplact.
There was a convention that names in one array represented files that came from one directory
names in another array represented files that came from the other directory. But there was noth
program that explicitly said so. Every implicit relationship is one more thing that the maintenanc
programmer must remember. It's also one more chance to screw up. You have to be very caref
whenever you're moving data in and out of @¥el eLi st 1 and@i | eLi st 2 arrays, because if you
copy data out of those arrays into the wrong place, you might forget something important about
something that is not actually recorded anywhere. It's better to make relationships explicit wher:
possible.

You could put in a comment to explain. But a comment should be the explandasiresort. It's
better when things explain themselves. That is whatdheés trying to do. If we have a list of
filenames, some of which are from one directory and some from another directory, what'’s the b
to keep track of which directory each is from? Simple! Attach the directory name to each filenan
making the filenames into full paths. That is just what full paths are for, to say what directory a ¢
file resides in. Now it ismpossible to lose track of which directory each file came from, because s
of the filenames look like. / wuexport/ carrot s" and others look like. / cuexport/carrots". And
the maintenance programmer cannot possibly get confused. Suppose the maintainer is running
program under the debugger, and prints out the contents of some filename variable. In the old
there is nothing about the data to suggest what directory that flename came from. The maintair
have to trace backwards through the code, hoping to discover the origin of the data. With the ne
design, the debuuger wil say something fikecuexport/carrots" and there is no question.

So that's what theap is about. (If you haven’t seemp before, it is simple. It is just like a miniature
for loop. You give it an expressiornsdi r/ $_" in this case, and a list of valuesaddi r DI Rin this

case, and it loops over the list, applying the expression to each element in turn, and making up
the resulting values. In this case it is appendsuj r/ " to the beginning of each filename.)

Backing Up

Now | have a confession to make. Thu@ approach is not such a good fit for this particular task. L.



on, a function calledopyFi | es() will try to insert another componemstyjext cut , between the
filename and the directory name:

47 $x2 = $l nput DI R1. $Next Qut. "/ ". $CopyLi st ;

We could fix upCopyFi | es() to take apart the path and then reassemble iténitht cut in the
middle. But that seems wasteful. Why assemble the path when we know we are just going to he
disassemble it again? A better approach is to keep the file lists from the \@ripusDI Rs separate tc
begin with.

Why did | show you theap solution if it turned out to be a bad idea? Because that was what | trie
and | don’t want to pretend to you that | always get the right answer on the first try. It's all too e
pretend to be a super-genius, and only shows the stuff that works but the truth is that most of ut
including me, are not super geniuses, and trying to be a super genius is probably not the best w
to be effective programmers. | think a better way is to learn to recognize when something is not
well, and to try to change strategies.

Larry Wall, the inventor of Perl, says that the big problem that most language designershave is
have some language problem that they need to solve, and then they think of a solution, and the
implement it. But what they should be doing is thinking of three or four solutions and then thinki
them over and implementing thest one. | think programmers need to do the same thing. If a prol
crops up, don’t just go ahead with your first idea. Try more than one way around it. Often your t
ideal will be your second, or third, or fourth.

| don’t want you to think that these wonderful programming ideas spring forth out of my head lik
Athena from the head of Zeus. No, that's not how it works, unless you're a super genius, which
So I’'m showing you my false starts and my not-so-good ideas so that you can remember that e
guy who wrote the book needs to try more than one thing because his first idea wasn’t so good.

Anyway, the basic problem here is how to keep track of where the input files came from. The ol
way was to put the filenames together with the directory paths, but as we saw there’s a reason
might not want to do that. My next idea was to use a more complex data structure; the code wo
like this:

sub GrabFileList {

ny % esult;

for ny $dir (@nputD R) {
opendir (FILELISTDIR, $dir);
push @$result{$dir}}, readdir FILELISTD R
closedir FILELISTD R;

return % esult;

}

This produces a hash whose keys are directory names and whose values are lists of files from
directories:

( './wuexport’ => 1 fil
"./cuexport’ => [ fil

)

This would work OK, and I think a good program could be written to incorporate this solution. Bi

el, file2, file3... ],
e6, file7, file8...



a little more thought, | settled on a third solution which | think is simpler. Since we’re having trot
keeping the filenames from the varius input directories separate, we’ll cut the Gordian knot and
the problem by not mingling them at all. Instead of askrapFi | eLi st () to read two input
directories, and then going to a lot of trouble to avoid mixing up the two lists of files we get, we’l
change it so that it readse directory and returns a list of files. We will then pass this list to
CopyFi | es() . We have two input directories? No problem; we’ll GalbFi | eLi st () twice. The code
now looks like this:

sub GrabFileList {
ny $dir = shift;
opendir FILELISTDIR, $dir;
ny @iles = readdir FILELISTD R;
closedir FILELISTDI R;
return @il es;

}

We’'ll have to call it once for each input directory, somthing like this:

for my $dir (@nputD R) {
ny @iles = GabFileList($dir);
#

CopyFiles($dir, @iles):
This makes good sense. BatuabFi | eLi st () andCopyFi | es() contained thisor loop; by

abstracting it up into the main program, we can eliminate the two loops from the ftwo functions,
resulting in a simple overall control flow.

CopyFi | es()

Now that we’'ve seen our final, loopless versiommafoFi | eLi st (), we must modifyCopyFi | es() to
match. The original code looks like this:

40 sub CopyFiles {

41 @CopylLi st = @il eLi st 1;

42 foreach $CopyLi st (@opyList) {

43 next if ($CopyList =~ /"\./);

44 next if !($CopyList =~ (/[0-9]/));
45 next if !($CopyList =~ (/txt/));
46 $x1 = $l nput DI R1L. $CopylLi st ;

47 $x2 = $l nput DI R1L. $Next Qut . "/". $CopyLi st ;
48 $Tmp = ‘cp $x1 $x2°;

49 print $x1,"\-\>" $x2,"\n";

50 }

This is only the top half of the function; the bottom half is an identical conjoined twin. Since we'r
planning to change the function so that it will be called like this:

CopyFiles($dir, @iles);
the modified version of the code looks like this:

sub CopyFiles {
nmy $dir = shift;



foreach ny $file (@) {
next if ($file =~ /™"\./);
next if ! ($file =~ (/[0-9]1/));
next if ! ($file =~ (/txt/));

$x1 = $dir. $file;
$x2 = $dir.$NextQut."/". $file;
$Tmp = ‘cp $x1 $x2°;
print $x1,"\-\>", $x2,"\n";
}
}

19 lines of code have become 10.

We are now going to beat this function to death, hammering it until it is barely recognizable.

Say What You Mean

First, notice thasTnp is useless:
$Tmp = ‘cp $x1 $x2°;

After this statement is executednp contains the output of thgp command. Thep command,
however, produces no output. Whas1sp there for, then? | do not know. | thought for a while that
might be preventing esel ess use of ‘...‘ in void context warning, but no, it isn’'t; there is n
such warning. Sincg&Tnp isn’'t serving any purpose, let’s get rid of it:

‘cp $x1 $x2
Probably better would have been:
system("cp $x1 $x2");

The difference is that . . * asks Perl to run a Unix command and gather up its output, whereas
systen(...) asks Perl to run a Unix command and ignore the output. Since what we want here
ignore the outputkyst en() is mor appropriate. The Good Advice hersag what you mean.

The Concatenation Operator

The next bit of code we'll address is these two lines:

56 $x1
57 $x2

$dir. $file;
$dir.$NextQut. "/ ". $fi |l e;

Amazingly,the concatenation operator (.) is a red flag. The corresponding Good Advicess
inter polation instead of operators. Why? Because unlike theoperator, interpolation makes the co
look like the string that the program will generate. There’s less stuff that youre brain must filter ¢

$x1
$x2

"$dir/ $file";
"$dir/ $Next Qut / $fil e";

In the original code, you couldn’t see what the output would look like; you would have to inore tl
extraneous dots and quotation marks in the middle. With the interpolation version, you can look
code andee what the result will besx1 getssdi r followed by slash followed bgfi | e. $x2 getssdi r



followed by slash followed bgnext out followed by slash followed bgfi | e. I'll have a lot more to
say later on about hoi/ s easier to see than to think.

Earlier, | promised to explain why | eliminated the trailing slashes from the names of the input
directories. This is the kind of payoff | was hoping for. Without the trimming, the modified code \
have had:

$x1
$x2

"$dirsfile";
"$di r$Next Qut/ $fil e";

This is less clear because you can't tell from looking at it whether there will be a slash inserted
$di r. In$x2, the contents dfdi r and$Next Qut are being joined in the same waysasxt cut and
$fil e, but they’re not written the same way so you can’t see it. The Good Advice herélsrigst
that arethe same should look the same.

This code is far from the worst example of the problems of the dot operator. Here’s an extremel
common example:

$html = "<a href="".%url."’ >". $hot _text."</a>";

Here it's quite difficult to disentangle the quotation marksuls in quotes, or not? To answer, you
have to run the Perl lexer algorithm in your head. Have you ever seen the code for the Perl lexe
eight-thousand-line C program that starts off with a comment that says "It all comes from here, -
stench and the peril."

If we use interpolation here instead of the dot operator, we get this:
$html = "<a href=" $url’ >$hot _t ext </ a>";

Now you can see at a glance thatghel is in single quotes.

Returning tacopyFi | es(), I'd like to get rid of the variable®x1 and$x2, which are used here:
58 $Tmp = ‘cp $x1 $x2°;
My idea is that this would become:
systenm("cp $dir/$file $dir/$NextQut/ $file");

and then you not only get rid of the two variabes but also make it possible to see at a glance wt
command is actually being executed. But | can’t quite get riot bBnds$x2, because they are used
again a little later:

59 print $x1,"\-\>" $x2,"\n";

So while I'm mulling over what to do, | will fix the variable names. You've probably already beer
propagandized aboute sensible variable names, so I'll spare you the tirade. | have an idea that tF
topics under the heading of "programming style" have gotten less and less until all that's left is
tedious crap about naming variables, how to format your comments, and proper indentation. Bu
wasn’t always so. Good prose style manuals cover a lot of tedious crap about punctuation, but
cover ineresting matters of how to choose the right word and how to write clearly. Programming



discussions used to have some interesting substance in them, but not any more, it seems. Any\
going to changex1 ands$x2 to $s (for "source") andd for ("destination”)$s andsd may not be the
best names in the world, but they must be betterghamndsx2.

"Sdir/$file;
"$dir/ $Next Qut/ $fil e";

ny $s
nmy $d

system("cp $s $d");

Perl Has Too Much Punctuation

Now I’'m going to say something that might shock you: Perl has too much punctuation. (Gasp!) !
don't like to say so, but it's true. Puntuation in Perl is like kudzu, the weed that ate Georgia:

figure 1.2:kudzu

Isn’t that a fine picture? | always wonder what that object in the middle is. Is it a car? A house?
never know, because it's covered in punctuation marks. Just like this next line of code:

59 print $x1,"\-\>" $x2,"\n";

A particularly important piece of Good Advice for Per&i®id excess punctuation. Compare that line
with this version:

print "$s->$d\n";



This is another nice example of why you shausdinter polation instead of operators. We have
reduced the punctuation in this line by nearly 50%, from 15 to 8 characters.

People sometimes worry that thein the line will have some sort of dereferencing or method-calli
effect. But it doesn’t. Don’t we need backslashes in there somewhere? No, we don’t. The line is
just what it appears to be doing: it prints two strings with an arrow in between.

Super stitious Par entheses

Come to think of it, what were the backslashes for in the original code? | think they betray an in
psychological problem. The programmer here is not sure what is special inside of double-quote
firghtening and poorly--understood world, we fall back on superstition. The backslashes here ar
superstition. "If you break a mirror, throw salt over your left shoulder to avoid bad luck. And try
sprinkling your strings with backslashes."

But we don’t have to fall back on superstition. We can look our fear straight in the eye, swallow
and bravely run the following command:

perl -le "print "-->>>>>->-->>>"
And what terrible things go wrong? Nothing. It prints:
B D

| guess there was no monster under the bed after all.

We're engineers, not cave-dwellers, so we should act like it. The Good Addine ide
super stitious. With a little practice, you can learn to notice when you’re avoiding some construct
because of superstitious fear, and then you can overcome that fear.

Incidentally, no double-quoted string does anything unusual unless it containssom@g\ ofor" . If it
doesn’t contain any of those four, it behaves exactly the same as a single-quoted string.

Returning to the program, | woustil like to get rid ofss andsd, for reasons cited earlier. But | can’
because they are needed in the diagnostic line

print "$s->%d\n";

But | got to wondering: is the format of the diagnostic important? Probably not; probably it is jus
so that the programmer running the program can see that something is happening. | may be wr
this, of course it sometimes happens that someone is assigned to reimplement a thirty-year-old
program, and the output of the new program must be precisely the same. It's possible that by cl
the format of this diagnostic message, | am breaking the program. But | don’t think that’s the we
and if the exact format of the messaget important, then | would prefer to do it like this:

nmy $command = "cp $dir/$file $dir/ $NextQut/ $file";
syst en{ $comand) ;
print "$command\ n";

With this change, not only is the format of the complete command visible at a glance in the soul



but it is visible at a glance in the diagnostic output. If someone other than the original author se«
diagnostic output, they won’t have to guess what the arrow means; the program is printing out €
the commands it is executing.

One of the attendees of one of my talks suggested this alternative:
systen("cp -v $dir/$file $dir/$NextQut/$file");

Here thecp command itself is responsible for printing the diagnostic, and two more lines of code
away.

The last part of the function that we haven't touched is the part that validates the filenames:

53 next if ($file =~ /"\./);
54 next if ! ($file =~ (/[0-9]1/));
55 next if 1 ($file =~ (/txt/));

Let’'s avoid excess punctuation here and get rid of the superfluous parentheses. Beginning
programmers like to put in excess parentheses, because they are worried about precedence ef
sympathize with this---Perl’'s operator precedence is excessively complicated. But here the inne
parentheses are pure superstition. They are not surrounding any operators that could cause a
conflict.

B: : Depar se

Perl comes with a module called: Depar se that can be a good cure for precedence superstition. .
Perl compiles your progrars, : Depar se gets control and tries to turn it back into Perl source code
tells you what Perl thought your program meant; the output is guaranteed to be equivalent to th
So we can run this:

perl -MO=Deparse -e 'next if !($file =~ (/txt/));’
and, because the output is this:
next if not $file =~ /txt/;

we know that it is safe to rewrite the original code@s if not $file =~ /txt/;

B: : Depar se also has ap option, which stands foiPut in precedencepr eserving pairs ofparentheses
If we want to know whether something like += $s =~ /... /does what we think, we can uge

perl -MO=Deparse,-p -e "$c += $s =~ /...["’

The output shows that is matched against the pattern, and then the true-or-false result of the r
added tasc:

($c += ($s =~ /...1));

In the case of lines 53--55, we can make even the most superstitious programmer happy:



next if $file !~ /txt/;

Now there can’t possibly be a precedence conflict, because each line has only one operator!

The first of these lines may have a small bug. It is probably intended to skip ovearttie. entries fo
the input directory and its parent directory. But it also skips over other files, suekt asape, should
ther ebe such a file in the input directory. And h&id e contained a full path, such as

. I wuexpor t/ f oo, the file would have been skipped also.

All this suggests to me that this test is in the wrong place. Whyamd. . in the@i | eLi st in the firs
place? It shouldn’t be the job oépyFi | es() to weed out bad filenames; its job should be to copy
files it is told to copy. It’s the job afet Fi | eLi st () to manufacture the list of files; why is it includir
files in this list that we don’t want to copy? We shoulddixbFi | eLi st () to return the correct list in
the first place:

sub GrabFileList {

m/ @iles = grep !/™\ ./, readdir FILELISTDIR;

However, supposing that the intention here was to skip.oahd. . , the test is still wrong. Every Pel
programmer seems to have their own favorite way to write this test, and | don’t think it matters r
which one you choose. My own preference is for:

ny @iles =grep { $_ne’'.” & $_ne '..’ } readdir FILELISTD R,

| should probably have moved the other two tesist( if $file !~ /\d/andnext if $file !~
/txt/)into G abFil eLi st () as well, but | forgot to do this when | was first writing up this prograr
That is okay. You do not have to make a program perfect the first time you work on it. It is enou
make it better. There is nothing wrong with making more improvements on a second pass.

At this point,CopyFi | es() looks like this:

sub CopyFiles {
ny $dir = shift;
foreach $file (@) {
next if $file '~ /\d/;
next if $file '~ /\.txt$/;
ny $conmmand = "cp $dir/$file $dir/ $NextQut/ $file";
syst em( $command) ;
print "$conmand\n";
}

}
Global Variables

The final major problem here is the global variagext cut . Whenever possible, functions should
avaoid using global variables. To understand why, we must first understand why we have functi
all.

Why do we have functions? It is fonodularity. Functions can be understood in isolation from the r
of the program. A maintenance programmer trying to change the way a 10,000-line program do



database lookup will only need to read and understand that 40-line subroutine that actually doe
database lookup; they can ignore the other 9,960 lines of the program.

Functions can also be re-used in a modular way. Someone trying to do a similar database lookt
another program can pick up the 40-line function from the first program and drop it down into th
second program unchanged. Or, perhaps more likely, they can pick it up and put it into a library
which it can be used by many other programs.

Using global variables in functions defeats both of these benefits. If a function uses a global var
maintenance programmer can no longer understand it in isolation. To understand what it does,
also have to understand the global variable, and the behavior of the global variable might be ve
complicated and might depend on many of the details of the other 9,960 lines of the program. A
very least, you the maintenance programmer must examine the entire rest of the program to me
that none of it is modifying that global variable in an unexpected way.

Using global variables in functions also defeats the benefit of modular reuse. A function that us¢
global variable cannot be picked up and plopped into another program or into a library; you wot
have to carry along all the machinery for maintaining the global variable, and that is not always

So using global variables in functions reduces modularity, defeating the primary reasons for usi
functions in the first place. Functions should use the usual parameter-passing methods for
communication, avoidinglobal variables whenever possible.

The usual prophylaxis for the global-variable-in-function problem is to replace the global vaariat
a new function argument. If we were to do this, tbesyFi | es() would be called like this:

CopyFil es($dir, $NextQut, @il es);
and its code would look like this:

sub CopyFiles {
ny $dir = shift;
ny $Next Qut = shift;
foreach $file (@) {
next if $file I'~ /\d/;
next if $file I~ /\.txt$/;
ny $comand = "cp $dir/ $file $dir/ SNextQut/ $file";
syst en{ $command) ;
print "$command\n";
}

}
But in this case we have a better option:
# Usage: CopyFiles(source_dir, destination_dir, files....)
CopyFiles($dir, "$dir/$NextQut", @il es);

This is simpler and more flexible. Instead of being a function that will copy files from one directc
subdirectory of that directorgppyFi | es() is now a function that will copy files from anywhere to
anywhere.



Here's the final result:

sub CopyFiles {

ny $src = shift;

nmy $dst = shift;

foreach $file (@) {
next if $file I'~ /\d/;
next if $file !~ /\.txt$/;
nmy $command = "cp $src/ $file $dst/ $file";
syst em( $command) ;
print "$conmand\n";

}

}

Isn’t that tidy? We've cut it from 19 lines to 9.
Creat el nput ()

Here’s the most bizarre result of the two-headed sperm:

32 &Cr eat el nput (1) ;

33 &Cr eat el nput (2) ;

63 sub Createl nput {

64 ny $Wwhat = shift;

65 if ($What == 1) {

66 print "Creating DIR ", $l nput DI RL. $Next Qut, "\ n";
67 $I = nkdir ($InputD RL. $Next Qut, 0777);

68 } else {

69 print "Creating DIR ", $l nput DI R2. $Next Qut, "\ n";
70 $I = nkdir (%I nputD R2. $Next Qut, 0777);

71 }

72 if ($1) {

73 print "Success! \n";

74 } else {

75 print "Fail! : $!' \n";

76 }

77 }

When | was first writing up my conference talk about this program, | had some trouble expressit
why | thought this was ludicrous. | was flabbergasted, and | stood around for quite some time
exclaiming "1??" "2???" | finally decided that the best way to get across why | think the 1 and tF
strange is with an equivalent but slightly different version. Instead of this:

32 &Cr eat el nput (1);
33 &Cr eat el nput (2);

why not have this:

&Cr eat el nput (" The Fl esh Bl anket");
&Cr eat el nput (" Maxi mo Perez");

The 1 and the 2 here are totally arbitrary. They look like numbers, but they aren’t. They might a:
the stringsthe Fl esh Bl anket andMaxi no Per ez for all the difference it makes to this program.

The whole thing is deeply puzzling. If you pass the function one argument, it does one thing; if



it the other argument, it takes a completely different code path. Why have one function? Why nc

&Cr eat el nput 1() ;
&Cr eat el nput 2() ;

Or why not zero?

print "Creating DIR ", $l nput DI RL. $Next Cut, "\ n";
$I = nkdir (%I nputDl Rl. $Next Qut, 0777);
print "Creating DIR ", $l nput DI R2. $Next Qut, "\ n";
$1 = nkdir ($!nput Dl R2. $Next Qut, 0777);

Thisi f - el se block is a perfect example of why you shoalid families of variables. If $I nput DI R1
ands! nput DI R2 had been an array, it would have been obvious to replace the fivé-lglese block
with two lines that use the mysterioghat argument as an index:

print "Creating DIR ", $l nput DI Rl $What ] . $Next Qut, "\ n";
$I = nkdir ($InputD R $What] . $Next Qut, 0777);

The very worst thing about this function, however, is@se. The function is calledr eat el nput () .
What does it do? It creates thatput directory. Seriously. The first time | read over this program, |
stuck for ten minutes on the name of this function, wondering what it was that | was missing.

Under thesay what you mean rule, we are going to call this functianeat eCut put Di r () from now
on.

The function’s job is to create a directory. So instead of fooling around with all this Flesh Blanke
rigamarole, and having it infer the directory name from whether the argunT@nt 8 esh Bl anket or
Maxi no Per ez, let’s justtell it what directory we want it to create:

sub CreateQutputDir {

ny $dir = shift;

print "Creating DR ", $dir,"\n";
$I = nkdir($dir, 0777);

if ($1) {

print "Success! \n";
} else {

print "Fail! : $!' \n";

}

Then the calls to the function become:

&Creat eQut put Di r (" $I nput Di r 1/ $Next Qut ") ;
&CreateQut put Di r (" $I nput Di r 2/ $Next Qut ") ;

Or, once we've replaced the family of variables with an array:
for ny $dir (@nputDir) {

&CreateQutputDir (" $dir/ $Next Qut");
}

The function is more modular and more reusable, and we didn’t need any extra code to make it



Set Then Used Only Once

This is the only place that tise variable appears:

$I = nkdir($dir, 0777);
if ($1) {

The red flag here igariable useimmediately follows assignment. The variable as assigned, used ¢
right away, but never again. Thesymbol in Perl performs a copying operation. The data in the rig
copied into the variable on the left. Why make a copy if you are only going to use the informatio
There are some legitimate answers to this question. One is that you might want to give the tem|
value a name for documentative purposes. Clearly, that wasn’t what was going on here, becaus
namel has no documentative value. In this case, the code is better written as

if (nkdir($dir,0777)) {

eliminating$! .
Debugger Variables

The other reason people use variables this way is so that they can place a breakpoirit iorthiee
debugger and examine the value of the condltgdore the branch is taken. This just points up a se)
limitation of the debugger. There is no reason why the debugger couldn’t allow you to place a
breakpoint in amf statement after the condition is evaluated but before the branch. Why doesn’t
debugger offer this feature? Apparently because nobody thought to implement it. Amazingly, de
technology has advanced almost exactly zero since 1962; if you read the manual for a 1962 del
you findexactly the same features that we have in the debuggers of today. Our crappy, obsolesc
debugger technology is inducing us to write bad code with superfluous variables. In the next ye.
hope to be able to rework the Perl debugger with new, advanced features, such as the ability to
the middle of a statement.

Returning to the program, letisse inter polation instead of operators, changing this:
print "Creating DR ", $dir,"\n";
to this:
print "Creating DR $dir\n";
Y akkity yak yak yak
Now the function looks like this:
sub CreateQutputDir ({
ny $dir = shift;
print "Creating DR $dir\n";
if (nkdir $dir, 0777) {
print "Success! \n";

} else {
print "Fail! : $!' \n";
}



}

| don’t want to belabor this too much, but | wonder about thoset s. Suppose thekdi r does falil. Is
it really appropriate to go ahead with the function? The program’s entire purpose is to copy sorr
the output directory; if it can’t create the output directory, what's the point of continuing? Convel
what if it does success? Does it really need to annaineess! ? We're going to see it copying all
those files anyway.

Talkative functions can be nice during debugging, but eventually you want them to shut up. Prir
your diagnostic messagesStDOUT is convenient, but there’s a reason VBMPERR was invented: it's t
keep your program’s diagnostics separate from its regular output. If | were writing this, | would F
done something more like this:

sub CreateCQutputDir ({
ny $dir = shift;
nkdir $dir, 0777
or die "Couldn’t make dir $dir: $!";
}

Structurevs. Function

This is genuine architectural terminology. | used to call these ideas something else, until | disco
that architects have exactly the same ideas.

The understand the difference between structure and function in architecture, consider the simg
possible structure, a tent.



figure 1.3:t eepee

The purpose of the tent is to keep the rain off of you. Istnastural and functional members that hel|
it do this. The tent cloth is the important part, because the cloth is directly advancing the functio
tent. It's the cloth that actually repels the rain; the clothfimational member. But the tent has anot|
part, namely the tent pole. The pole is not doing anything to keep the rain offstitistaral member.
It is only there to support the functional members---it holds up the cloth.

The pole, like all structural members, is a liability. It costs money. You have to carry it around. Y
might hit your toe on it in the middle of the night. If you could figure out some way to get the clo
stay up without a pole, you would. But you can't, so you need the pole.

Sometimes when | teach my Red Flags class at big companies | get lucky and we get a space i
conference room that exemplifies this perfectly:

figure 1.4:conf er encer oom

Can't you imagine the architect of this building designing the perfect conference room? "Ah!" sa
architect. "I'll put in these walls, to keep the other people on the floor from disturbing the training
I'll put in these beautiful windows, to let in the light. And the crowning touch---I'll stick a giant pill
the middle of the room!"

No, the pillar is not there to serve the purpose of the conference room. It is there to hold up the
If we could build the conference room without the pillar, we would. But without it, the building wi
down.



Code in your program similarly serves structural and functional purposes:

sub CreateQutputDir ({
ny $dir = shift;
nkdir $dir, 0777
or die "Couldn’t nmake dir $dir: $!'";
}

The purpose of this program is to create a directory and to copy some files intonitdThés directly

advancing that goal; it is functional code. The is also functional: part of the program’s function it
issue an appropriate diagnostic if it can’t do its job. But the rest of the code is purely structural.

not advance the real goal of creating a directory; it only advances a secondary goal of having a
subroutine.

So only one of the three lines here is functional. The Good Advicerigimize structure. If the
structural parts were eliminated, this would be a one-line function.

One-linefunctions
A one-line function that is called from only one place is almost entirely useless.

Multiline functions called from only one place an@ useless; they can be used to give a simple na
a large operation, and to break the code into more manageable chunks. And single-line functior
useless if they are called from many places, because they are abstracting a common operation
single-line function that is called from one place does not deliver either of those benefits. At bes
derives some documentative value from its name. Countervailing against that is the considerati
the name might not communicate the function’s behavior as clearly as its single line of code wo

In this program, we have:

for ny $dir (@nputDir) {
&CreateQutputDir (" $dir/ $Next Qut");
}

sub CreateQutputDir ({
ny $dir = shift;
nkdir $dir, 0777
or die "Couldn’t nmake dir $dir: $!'";
}

But getting rid of the one-line functiam eat eQut put Di r () leaves us with:

for ny $dir (@nputDir) {
nkdir "$dir/$NextQut", 0777
or die "Couldn’t make dir '$dir/$NextCQut’': $!"

}

and so five lines become two. (Or six become three, depending on how you count.) The new cc
better in all ways. We did lose the old reporting behavior, but | think that is a benefit.

Fi ndLast Qut ()



Moving on to the next function, the big problem here is the argument passing andjlabalof
variables. Fi ndLast Qut () depends on two global variablgésast cut andscut put DI R.

97 sub FindLastQut {

98 opendi r (FI NDLASTOUT_QUT, $Qut put DI R) ;

99 nmy @iles = readdir (FINDLASTOUT_QUT);

100 cl osedi r (FI NDLASTOUT_QUT) ;

101 ny $H ghest = $Last Qut;

102 foreach $File (@iles) {

103 next if ($File =~ /"™N\./);

104 next if !($File =~ (/[0-9]/));

105 if (int(substr($File, 0,5)) >= $Highest) {
106 $Hi ghest = int(substr($File, 0,5));
107 }

108 }

109 print "Last Entry = ", $Hi ghest, "\ n";

110 return $H ghest;

111 }

The usual prophylaxis in this case is to turn the global variables into function arguments, as we
initially with Cr eat eQut put Di r. That is indeed the right thing to do witbut put DI Rin this case.

But what abousLast cut ? There’s no need to makeast Qut into an argument because it is always
zero! The function becomes:

sub Fi ndLast Qut {

ny $QutputDIR = shift;

opendir (FI NDLASTOQUT_QUT, $Qut put DI R) ;

ny @iles = readdir (FINDLASTOUT_OUT);

cl osedi r (FI NDLASTOUT_QUT) ;

ny $H ghest = 0;

foreach my $File (@iles) {
next if $File eq .’ || $File eq ..’
next if $File '~ /\d/;
if (int(substr($File,0,5)) >= $Highest) {

$Hi ghest = int(substr($File, 0,5));

}

}
return $Hi ghest;
}

('ve also made some minor changes to the tests in the bottom half of the function.)

The next piece of code I'll address is:

104 next if $File !~ /\d/;

105 if (int(substr($File, 0,5)) >= $Highest) {
106 $H ghest = int(substr($File,0,5));
107 }

This worries me. The code wars | e to begin with 5 digits. But the test on line 104 is not testing
that. Thesay what you mean rule says that we should change this to:

next if $File !~ /™M d{5}/;

which incidentally renders the test foon line 103 unnecessary.



Thei nt () is Just Plain Wrong---not a red flag; just a mistake. Perhaps the author thought it was
converting a string to an integer. But Perl automatically converts strings to integers whenever ni
i nt () is for converting a fraction to an integer by throwing away the fraction part. I'm replacing t
chunk of code with:

next if $File !~ /™M\d{5}/;
ny $n = substr($File, 0, 5);
if ($n > $H ghest) {

$H ghest = $n;

}

I've also changed= to >; there was no need to execute the code if the values were equal.

This reads the filename3456f oo as beginning with2345 rather than withi23456. This may or may
not be a bug, if it is a bug, it may or may not come up. If it is a potential problem, we should use
something like this:

next if $File !~ /~(\d{5,})/;
if ($1 > $H ghest) {

$Hi ghest = $1;

}

or, in place of thaitf block, perhaps something like this:
$H ghest = $1 if $1 > $Hi ghest;

Some people would have preferred this:
$Hi ghest = ($1 > $Hi ghest) ? $1 : $Hi ghest;

| cannot predict which of these you find clearest. But | know from talking to many audiences ove
years that there is a good chance that you will prefer one of them to the others. The Good Advic
try it both ways. Don’t just go with the first expression that pops into your head; ask yourself if y
think of any other ways to write the same thing that might be clearer or simpler. And don't just a
yourself; reallytry out some other ways, actually type them onto the screen so you can look at b
of code side by side. You may find yourself surprised at how much clearer one of the alternative
you thought it would be, or how much less so. When you hold the alternatives in your head, yot
be able to compare them accurately. But if you can see them on the screen, you'll see at a glan
one is preferable, becauses easier to seethan to think.

Here’s whyit’seasier to seethan to think:



Thinker

figure 1.5: obes

Your brain has several subsystems. The reasoning is done by a subsystem up in the frontal lob
seeing is done by a different system on the occipital lobe. It's like you have dedicated vision
coprocessing hardware in your head. And if you can offload work from the thinker onto the seer
frees up the thinker to do more thinking. Thinking is hard to do, so we want to offload as much ¢
possible.

That's why we prefer this:
$htm = "<a href="$url’ >$hot text</a>";
to this:

$ht i

"<a href="".$url."’>" $hot _ text."</a>";

In the first example, your thinker is working hard to run the Perl lexer algorithm, and that means
available to think about something important, like whether the program will work correctly or wh
there is a better way to write it. By using the first example, we offload the work of parsing the fol
the string into the seer, freeing up the thiner to do something more useful than to count quotatic

Get PadString()

I left this function for last because it's my very favorite. Here’s the code:

122 sub Get PadString {

123 ny $lnteger = shift;

124 if ($lnteger < 10) {

125 return "0000". $I nt eger;



126 } elsif (($Integer >= 10) and ($lnteger < 100)) {
127 return "000". $I nt eger;

128 } elsif (($lnteger >= 100) and ($Integer < 1000)) {
129 return "00". $l nt eger;

130 } elsif (($Integer >= 1000) and ($Integer < 10000)) {
131 return "0". $lnteger;

132 } elsif ($Integer >= 1000) {

133 return $lnteger;

134 }

135 }

This is a wonderful example of the world’s largest Red Flag:
Repeated Codeisa Mistake

Years ago, before | had a red flags class or even had thought of the idea of red flags, | still knex
this largest of all red flags. In those days | used to call it "The Cardinal Rule of Computer
Programming":

Repeated Codeisa Mistake

Why is repeated code a Mistake? The short answer is that it's a mistake becauastétlis To
understand this fully, we have to indulge in a little bit of philosophy.

Programmers have a big problem. The problem is that they think of code as their product. "I'm ¢
programmer,” they say, or sometimes even "I'm a coder.” "That means my job is to produce coc
say. No. that is wrong.

Maybe you are working on the Human Genome Project, and your job is to help sequence the hi
genome. If so, that is your product. The code is structural. If someone could figure out a way to
sequence genomes without writing any code, they would. But they haven't, so they write the cor
code is structural. It is not the primary goal; it is only there to advance the primary goal of seque
DNA fragments.

Of maybe you work for Morgan Stanley or some other financial services company whose missic
make a zillion dollars by speculating in the mortgage markets. Of morgan Stanley could make a
dollars trading mortgages without writing any code, they would, and they would fire all their

programmers, because they are not in the business of writing code; they are in the business of
zillion dollars trading mortgages. Writing the code happens to be the best way to do that, this wi

The programmer’s job is not to produce code, but to profluaionality. The code itself is structura
It is there to support the functionality, but it does not contribute directly to the function. If we cou
rid of it, we would.

In fact, the code is gability. It costs money to write and maintain. Code has negative value.

Twice as much code costs twice as much to write and to test.

It takes twice as long to read and to understand.



It has twice as many chances to have bugs in it.

If it is delivering twice as much functionality, the cost is justified. But if the code is the same as ¢
other code in the same program, it is delivering much less than twice the functionality. You have
as much code to do the same job, so although the cost is twice as great, the benefit is much les
twice as great. You already got the benefit from the first batch of code; the added benefit from t
second batch is nearly zero.

That is why repeated code is wasteful. It has a much higher cost-benefit ratio than unrepeated «

Repeated code creates maintenance problems. Someone is sure to make an enhancement or ¢
one of the copies of the repeated code, but forget to add the enhancement or the bug fix to the
or copies. I'm sure this has happened to you sometime.

Repeated code is boring to write. It's hard to keep your brain fully engaged while you are writing
it's easier than usual to mess up an introduce errors.

Repeated code is hard to read. Your eyes and your seeing hardware are programmed to skip p
visually-similar things without noticing that they are not precisely the same. Here is a symmetric
arrangement of dots:
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figure 1.6:0l ot

You can see this at a glance, because your seeing hardware is very good at detecting vertical <
It is very important to detect vertical symmetry, because animals are vertical, and if you see sor
vertically symmetric, it might be an animal looking at you, perhaps because it wants to eat you.
much better for you to have some false alarms in the vertical-symmetry detection than to fail to
vertically-symmetric things some of the time, so your seeing hardware is much more likely to de
symmetry where it isn’t actually present than to fail to detect it where it is present. The dots abo
symmetric even though they are not. Only the middle part is symmetric. The parts on the left an
are totally random. But your seeing hardware sees the symmetry in the middle and jumps to the
conclusion that the whole thing is symmetric, and informs your thinking hardware of that conclu:



All of this means that if you have repeated code, and you mess up and make part of it a little wr
are not likely to notice; your eyes are likely to tell your brain that you got it right. There is a bug
type inGet Padst ri ng() ; did you notice it? [1]

Repeated code harbors bugs. Here’s an example | took from usenet: [2]

if($match) {
(($rank = @anks[0]) && ($percent = "19)) if $value == 1
(($rank = @anks[1]) && ($percent = "2%)) if $value == 2;
(($rank = @anks[2]) && ($percent = "3%)) if $val ue == 3;
(($rank = @anks[3]) && ($percent = "4%)) if $value == 4;
(($rank = @anks[4]) && ($percent = "5%)) if $val ue == 5;
(($rank = @anks[5]) && ($percent = "6%)) if $val ue == 6;
(($rank = @anks[5]) && ($percent = "7%)) if $value == 7;
(($rank = @anks[6]) && ($percent = "8%)) if $value == 8;
(($rank = @anks[7]) && ($percent = "9%)) if $value == 9;
(($rank = @anks[8]) && ($percent = "10%)) if $value == 10;

}

Several people "corrected"” this code to this instead:

if ($match) {
$rank = $ranks[ $val ue- 1] ;
$percent = "$val ue% ;

}

But this code is not equivalent to the original. Notice that the numbers in the first line go 0,1,1, €
numbers in the second line go 1,2,2, but the numbers in the last line go 8,10,10 instead of 8,9,

Now, there are two possibilities here. Perhaps the original code had a bug, and the repetition of
subscript 5 was an error. But none of the people looking over and correcting this code pointed t
which | think proves my point about how hard these things are to see. Or perhaps the original c
correct, and all the people following up with "corrections" actually broke the code, because they
notice the repeated 5---which | think proves my point even more!

Anyway, someone had a bug. | was not very proud of our community that day.

Fortunately, it is not only possible to eliminate repeated code, it is usually easy. This is because
code is so awful, such a bug problem, that alreasty feature ofevery programming language is thei
specifically to help you eliminate repeated code from your programs.

Why does Perl have+a operator? So we can wrige- >{q} += $y instead ofsx->{q} = $x->{q} +
y, avoiding the repeated expression, avoiding the possibility of messing up one of the two repee
expressions, avoiding the maintenance problems that might occur when someone changes one
$x->{q}’s but not the other, and avoiding forcing the maintenance programmer to compare the
expressions to make sure they are the same.

Why do languages allow you to open a new block wherever you want and declare a new variab
is private to just that block? One reason is so that you can write something like this:

{
ny $x = SOME LONG COWPLI CATED EXPRESSI ON



$x ...
$x ...

$x ...
}

instead of repeating the long complicated expression over and over.

Why do languages hawi | e andf or loops? So you can tell the language to repeat some piece «
at run time, instead of having to repeat it textually.

Why do languages have subroutines? Subroutines were invented in the 1950’s specifically so tl
programmers did not have to repeat code in their programs.

Why do object-oriented programming systems support inheritance? So that if two classes need
method, you do not have to repeat the code for the method in each class; you can move it into i
parent class, and let the two classes inherit it.

Why does Perl have modules? So that not everyone has to write theiur own date parsing routin
include them in their programs and update them every time a performance or a bug improveme
out.

Why does Unix have pipes? So that not every program has to have sorting built into it; instead,
program can open a pipe to the sorting utility.

Why do operating systems have shared libraries? So that not every program needs to have a c
printf() compiled into it; they can all share one printf, which can be upgraded all at once.

So we see that many many features of languages and operating systems, at many levels, from
language features like the operator to big important features like shared libraries, are there to h
you avoid repeated code. They were pugpexifically to help you avoid repeating code.



Sidebar: Repeated Code
Here’s a nice little repeated code example, again from usenet: [3]

y/ A Za- z/ 2223334445556667778889990022233344455566677788899900/ ;

=

When | saw this, | had to grovel over the right-hand side to make sure it listed the same numerals in the same ¢
And there is another problem. What is the translation @? Quick now!

Here's a better version. Since we are doing the same thing for upper- and lower-case letters, let's make that exp

yl A-Zl a-z/ ;
yl a-z/ 22233344455566677788899900/ ;
# abcdef ghi j kl mopqgr st uvwxyz

Comments like this have a high information value; notice the way the comment is formatted. Now you can see gt
that the translation of d is653. Andit'seasier to seethan to think.

Here’s another possibility:
yl A-Z/ a-z/;
y{abcdef ghi j kl mopqr st uvwxyz}
{22233344455566677788899900} ;

Now the comment is unnecessary. Which do you like best?

Returning taGet Padst ri ng() , which looked like this:

124 if ($lnteger < 10)
125 return "0000". $I nt eger;
126 } elsif (($Integer >= 10) and ($Integer < 100)) {

127 return "000". $I nt eger;

Probably the best way to write this is wafbr i nt f () :
return sprintf "995d", $Integer;

Then 10 lines of code become 1.

But perhaps the original author didn’t know absuti nt f () ; not everyone does. Perhaps he was a
beginner. Fair enough. Even a beginner should not have to repeat code. The language wants y
repeating code. You have almost every feature of the language working to help you. With so mt
there is almost always a solution. The beginner might have written something like this:

ny $n_zeroes = 5 - |ength($lnteger);
ny $zeroes = '0° x $n_zeroes;
return $zeroes . $Integer;

And 10 lines became 3.

Okay, perhaps the beginner does not know abouwt tiperator. But if you don’t, you can still use a
loop:

while (length($lnteger) < 5) { $Integer = "0$Integer” }



This is utterly straightforward. While the length of the integer is less than 5, put a zero on the be
Even a beginner could have written this. Even someone who learned Perl that very morning cot
written that.

Which of these techniques do you like the best? Look them over and think about it. Which do yc
the least?

When | teach this in classes, someone often suggests their own favorite method of accomplishi
which is often something like this:

return substr("00000%I nteger", -5);

I’m not partial to that, but you may prefer it. What do you think?
Do Not Repeat Code
Now assuming that we have repla@edPadst ri ng() withsprintf(), itis only one line long, and s
it is a one-line function that is called from only one place, and we should eliminate it entirely, wr
simply:

$Next Qut = sprintf("9%95d", FindLastQut('.') + 1);

The total net savings is 15 lines of code and two variables.

We'refinished!

That was a lot of fuss, but look at the benefit! Our 71-line program has shrunk to 32 lines. Not b
squeezing out the white space, or by writing everything on one line, but by genuinely simplifying
program, eliminating unnecessary code.

On Design

Perfection is achieved not when there is nothing more to add,
when there is nothing more to take away.

(Ant oi ne de Sai nt - Exup?ry)

[1] The bug is on line 132, where the testlist eger >= 1000, but it should have beemnt eger >=
10000.

[2] Message-ID<ulv5l 1cf 8qt v26@or p. super news. comp

[3] Message-IDxpgal f t copgu5addk8t kdOr | nf guj plpef 6@ax. con»
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