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Most of us have had to parse command line arguments from time to time. If we don't have a
convenient utility, then we simply walk the array of strings that is passed into the main function. There are
several good utilities available from various sources; but none of them do exactly what | want. So, of
course, | decided to write my own. | call it: Ar gs.

Args isvery simpleto use. You simply construct the Ar gs class with the input arguments, and a
format string, and then query the Ar gs instance for the values of the arguments. Consider the following
simple example:

public static void main(String[] args) {

try {
Args arg = new Args("l, p#,d*", args);
bool ean | oggi ng = arg. getBool ean('!1"');
int port = arg.getlnt('p');
String directory = arg.getString('d");
execut eApplication(logging, port, directory);
} catch (ArgsException e) {
Systemout.printf("Argunent error: 9%\n", e.errorMessage());

You can see how smple thisis. We simply create an instance of the Ar gs class with two parameters.
Thefirst parameter isthe format, or schema, string: " |, p#, d*" . It defines three command-line arguments.
The first: —I , is a Boolean argument. The second: - p, is an integer argument. The third: - d, is a string
argument. The second parameter to the Ar gs constructor is smply the array of command-line argument
passed into main.

If the constructor returns without throwing an Ar gsExcept i on, then the incoming command-line was
parsed, and the Args instance is ready to be queried. Methods like get Bool ean, get I nt eger, and
get St ri ng alow usto access the values of the arguments by their names.

If there is a problem, either in the format string, or in the command-line arguments themselves, an
Ar gsExcept i on will be thrown. A convenient description of what went wrong can be retrieved from the
er r or Message method of the exception.

Args I mplementation

Here is the implementation of the Args class. Please read it very carefully. | consider it to be an
example of very clean code. The style of this code is something | think isworth emulating.




package com objectnmentor.utilities.args;

i mport static comobjectnentor.utilities.args.ArgsException. Error Code. *;
i mport java.util.*;

public class Args {
private Map<Character, ArgunentMarshal er> narshal ers;
private Set<Character> argsFound;
private Listlterator<String> currentArgunent;

public Args(String schema, String[] args) throws ArgsException {
mar shal ers = new HashMap<Char act er, Argument Marshal er>();
argsFound = new HashSet <Character>();

par seSchema(schems) ;
par seArgunment St ri ngs(Arrays. asList(args));

private void parseSchema(String schema) throws ArgsException {
for (String elenent : schema.split(","))
if (elenent.length() > 0)
par seSchemaEl enent (el ement . trim());

}

private void parseSchemaEl ement (String el enent) throws ArgsException {
char elementld = el enent.charAt(0);
String elementTail = el ement. substring(1);
val i dat eSchemaEl enent | d( el enment | d) ;
if (elenmentTail.length() == 0)
mar shal ers. put (el enment 1 d, new Bool eanAr gurrent Mar shal er () ) ;
else if (elenentTail.equal s("*"))
mar shal ers. put (el ement 1 d, new StringArgument Marshal er());
else if (elenentTail.equal s("#"))
mar shal ers. put (el enment 1 d, new | nt eger Argurment Mar shal er());
else if (elenentTail.equal s("##"))
mar shal ers. put (el ement | d, new Doubl eAr gurrent Mar shal er());
else if (elenmentTail.equals("[*]"))
mar shal ers. put (el ement 1 d, new StringArrayArgunent Marshal er());
el se
t hrow new ArgsExcepti on(l NVALI D_ARGUVENT_FORMAT, elementld, elementTail);

}

private void validateSchemaEl enentld(char el ementld) throws ArgsException {
if (!Character.isLetter(elenentld))
t hrow new ArgsExcepti on(| NVALI D_ARGUVENT_NAME, el enentld, null);

}

private void parseArgunent Strings(List<String> argsList) throws ArgsException
{

for (currentArgument = argsList.listlterator(); currentArgunment.hasNext();)
{
String argString = current Argunent. next();
if (argString.startsWth("-")) {
par seAr gunment Char acters(argString. substring(1));
} else {
current Argunent . previ ous();
br eak;
}
}
}

private void parseArgunent Characters(String argChars) throws ArgsException {
for (int i =0; i < argChars.length(); i++)



par seAr gunent Char act er (argChars. charAt(i));
}

private void parseArgument Character(char argChar) throws ArgsException {
Argunent Marshal er m = nmarshal ers. get (argChar) ;
if (m==null) {
t hrow new ArgsExcepti on( UNEXPECTED ARGUMENT, argChar, null);
} else {
ar gsFound. add(argChar) ;
try {
m set (current Argunent) ;
} catch (ArgsException e) {
e.setErrorArgunent | d(argChar);
t hrow e;
}
}
}

publi ¢ bool ean has(char arg) {
return argsFound. contai ns(arg);

}

public int nextArgunent() {
return currentArgunent . next | ndex();

}

publ i ¢ bool ean get Bool ean(char arg) {
return Bool eanAr gunment Mar shal er. get Val ue(mar shal ers. get(arg));

}

public String getString(char arg) {
return StringArgunent Marshal er. get Val ue(mar shal ers. get(arg));

}

public int getlnt(char arg) {
return | ntegerArgunent Marshal er. get Val ue(mar shal ers. get(arg));

}

publ i ¢ doubl e get Doubl e(char arg) {
return Doubl eAr gunent Mar shal er. get Val ue(mar shal ers. get (arg));

}

public String[] getStringArray(char arg) {
return StringArrayArgument Marshal er. get Val ue( marshal ers. get(arg));
}

Notice that you can read this code from the top to the bottom without a lot of jumping around or
looking ahead. The one thing you may have had to look ahead for is the definition of
Ar gument Mar shal er; which | left out intentionally. Having read this code carefully, you should
understand what the Ar gurrent Mar shal er interface is, and what its derivatives do. I'll show a few of
them to you now.

public interface Argunent Marshal er {
void set(lterator<String> currentArgunent) throws ArgsException;
}

public cl ass Bool eanAr gunent Marshal er i npl ements Argunent Marshal er {
private bool ean bool eanVal ue = fal se;



public void set(lterator<String> currentArgunent) throws ArgsException {
bool eanVal ue = true;

}

public static bool ean getVal ue( Argunent Marshal er an) {
if (am!= null && aminstanceof Bool eanAr gunent Marshal er)
return ((Bool eanArgunent Marshal er) an). bool eanVal ue;
el se
return fal se;
}

}

i mport static comobjectnentor.utilities.args.ArgsException. Error Code. *;

public class StringArgument Marshal er inplenents Argunent Marshal er {
private String stringvalue = "";

public void set(lterator<String> currentArgunent) throws ArgsException {
try {
stringVal ue = current Argunent. next();
} catch (NoSuchEl enent Exception e) {
t hrow new ArgsExcepti on(M SSI NG_STRI NG) ;
}
}

public static String getVal ue( Argunent Marshal er an) {
if (am!= null && aminstanceof StringArgunentMarshal er)
return ((StringArgunent Marshal er) am.stringVal ue;
el se
return "";
}

}

i mport static comobjectnentor.utilities.args.ArgsException. Error Code. *;

public class IntegerArgunent Marshal er inpl ements Argunent Marshal er {
private int intValue = 0;

public void set(lterator<String> currentArgunent) throws ArgsException {
String parameter = null;

try {
parameter = current Argunment. next();
i ntVal ue = | nteger. parselnt(paraneter);

} catch (NoSuchEl enent Exception e) {

t hrow new ArgsExcepti on(M SSI NG_| NTEGER) ;
} catch (Nunber For mat Exception e) {

t hrow new ArgsExcepti on(l NVALI D_I| NTEGER, paraneter);
}

}

public static int getVal ue( Argunent Marshal er an) {
if (am!= null && am i nstanceof |ntegerArgunent Marshal er)
return ((IntegerArgunent Marshal er) am.intVal ue;
el se
return O;

The other Ar gument Mar shal er derivatives simply replicate this pattern for doubles, and string
arrays; and would serveto clutter this paper. 1I'll leave them to you as an exercise.

One other bit of information might be troubling you: the definition of the error code constants. They



areintheAr gsExcepti on class.

i mport static comobjectnentor.utilities.args.ArgsException. Error Code. *;

public class ArgsException extends Exception {
private char errorArgunentld = '\0";
private String errorParaneter = null;
private ErrorCode errorCode = CK;

public ArgsException() {}
public ArgsException(String nessage) {super(nessage);}

publ i c ArgsException(ErrorCode errorCode) {
this.errorCode = errorCode;
}

publ i ¢ ArgsException(ErrorCode errorCode, String errorParaneter) {
this.errorCode = errorCode;
this.errorParaneter = errorParaneter;

}

publ i c ArgsException(ErrorCode errorCode,
char errorArgumentld, String errorParaneter) {
this.errorCode = errorCode;
this.errorParanmeter = errorParaneter;
this.errorArgumentld = errorArgunent|d;

}

public char getErrorArgunentld() {
return errorArgunent | d;
}

public void setErrorArgunentld(char errorArgunentld) {
this.errorArgumentld = errorArgunent|d;
}

public String getErrorParaneter() {
return errorParaneter;
}

public void setErrorParaneter(String errorParaneter) {
this.errorParaneter = errorParaneter;
}

public ErrorCode getErrorCode() {
return error Code;
}

public void setErrorCode( ErrorCode errorCode) ({
this.errorCode = errorCode;
}

public String errorMssage() {
switch (errorCode) {
case K
return "TILT: Should not get here.";
case UNEXPECTED ARGUMENT:
return String.format("Argument -% unexpected.", errorArgumentld);
case M SSI NG_STRI NG
return String.format("Could not find string paranmeter for -%.",



error Argunent | d);
case | NVALI D_| NTEGER:
return String.format("Argunent -% expects an integer but was '%'."
error Argunentld, errorParaneter);
case M SSI NG_| NTEGER:
return String.format("Could not find integer paraneter for -%."
error Argunent | d);

case | NVALI D_DOUBLE:
return String.format("Argunent -% expects a double but was '%'.",
error Argunentld, errorParaneter);
case M SSI NG _DOUBLE:
return String.format("Could not find double paranmeter for -%."
error Argunent | d);
case | NVALI D_ARGUVMENT _NAME:
return String.format("' %' is not a valid argunent nane.",
error Argunent | d);
case | NVALI D_ARGUMENT_FORMAT:
return String.format ("' %' is not a valid argunent format.",
errorParaneter);

}

return ""

}

publ i c enum Error Code {
OK, | NVALI D_ARGUVMENT_FORVAT, UNEXPECTED ARGUMENT, | NVALI D_ARGUVMENT _NANVE,
M SSI NG_STRI NG
M SSI NG_| NTECER, | NVALI D_I NTEGER,
M SSI NG_DOUBLE, | NVALI D_DOUBLE}

It's remarkable how much code is required to flesh out the details of this simple concept. One of the
reasons for thisis that we are using a particularly wordy language. Java, being a staticaly typed language,
requires alot of words in order to satisfy the type system. In alanguage like Ruby, Python, or Smalltalk,
this program would be much smaller.

Please read the code over one moretime. Pay specid attention to the way things are named, the size of
the functions, and the formatting of the code. If you are an experienced programmer, you may have some
quibbles here and there with various parts of the style or structure. Overall, however, | would expect you to
conclude that this program is very nicely written, with avery clean structure.

For example, it should be obvious how you would add a new argument type, such as a date argument,
or acomplex number argument; and that such an addition would require atrivial amount of effort. In short,
it would simply require anew derivative of Ar gument Mar shal er , anew get XXX function, and a new case
statement in the par seSchemaEl ement function. There would aso probably be a new Args-
Except i on. Err or Code, and anew error message.

How did | dothis?

Let me set your mind at rest. | did not smply write this program from beginning to end in its current
form. More importantly, | am not expecting you to be able to write clean and elegant programsin one pass.
If we have learned anything over the last couple of decades, it isthat programming is a craft, morethanit is
ascience. Towrite clean code, you must first write dirty code; and then clean it.

This should not be a surprise to you. We learned this truth in grade school when our teachers tried
(usually in vain) to get usto write rough drafts of our compositions. The process, they told us, was that we
should write a rough draft, then a second draft, then N subsequent drafts until we had our final version.
Writing clean compositions, they tried to tell us, is amatter of successiverefinement.

Most freshman programmers (like most gradeshoolers) don’t follow this advice particularly well.
They believe that the primary goal isto get the program working. Onceit’s“working” they move on to the



next task, leaving the “working” program in whatever state they finaly got it to “work”. Most seasoned
programmers know that thisis professional suicide.

| s Successive Refinement Cost Effective?

If you have been a programmer for more than two or three years, you have probably been significantly
slowed down by someone else’s messy code. If you have been a programmer for longer than two or three
years, you have probably been slowed down by your own messy code. The degree of the slow-down can be
significant. Over the span of ayear or two, teams that were moving very fast at the beginning of a project
can find themselves moving at a snail’s pace. Every change they make to the code breaks two or three
other parts of the code. No changeistrivial. Every addition or modification to the system requires that the
tangles, twists, and knots be “understood” so that more tangles, twists, and knots can be added. Over time
the mess becomes so big and so deep and so tall, they can not clean it up. Thereisno way at all.

As the mess builds, the productivity of the team continues to decrease, asymptotically approaching
zero. As productivity decreases, management does the only thing they can; they add more staff to the
project in hopes of increasing productivity. But that new staff is not versed in the design of the system.
They don't know the difference between a change that matches the design intent, and a change that thwarts
the design intent. Furthermore, they, and everyone else on the team are under horrific pressure to increase
productivity. So they all make more and more messes, driving the productivity ever further towards zero.

Productivity vs Time
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Eventually the team rebels; and they inform management that they cannot continue to develop in this
horrific code base. They demand a redesign. Management does not want to expend the resources on a
whole new redesign of the project, but they cannot deny that productivity is terrible. Eventually they bend
to the demands of the devel opers, and authorizethe grand redesign in the sky.

A new tiger team is selected. Everyone wants to be on this team because it's a greenfield project.
They get to start over and create something truly beautiful. But only the best and brightest are chosen for
the tiger team. Everyone else must continue to maintain the current system.

Now thetwo teamsarein arace. Thetiger team must build a new system that does everything that the
old system does. Not only that, they have to keep up with the changes that are continuously being made to
the old system. Management will not replace the old system until the new system can do everything that
the old system does, on the day of the change.

This race can go on for a very long time. I've seen it take 10 years. And by the time it's done, the
original members of the tiger team are long gone, and the current members are demanding that the new
system be redesigned because it’ s such amess.

If you have experienced even one small part of the story | just told, then you aready know that
spending time keeping your code clean is not just cost effective; it's a matter of professional survival.

Args: the rough draft.



Below isan early version of theAr gs class. It “works’. Andit's messy.

package com objectmentor.utilities.getopts;

i mport java.text.ParseException;
i mport java.util.*;

public class Args {
private String schens;
private String[] args;
private bool ean valid = true;
private Set<Character> unexpectedArgunents = new TreeSet <Character>();
private Map<Character, Bool ean> bool eanArgs =
new HashMap<Char act er, Bool ean>();
private Map<Character, String> stringArgs = new HashMap<Character, String>();
private Map<Character, Integer> intArgs = new HashMap<Character, |nteger>();
private Set<Character> argsFound = new HashSet <Char acter>();
private int currentArgunent;
private char errorArgumentld = '\0";
private String errorParaneter = "TILT";
private ErrorCode errorCode = ErrorCode. OK;

private enum ErrorCode {
OK, M SSI NG _STRING, M SSI NG | NTEGER, | NVALI D_| NTEGER, UNEXPECTED_ ARGUVENT}

public Args(String schema, String[] args) throws ParseException {
this.schema = schens;
this.args = args;
valid = parse();

}

private bool ean parse() throws ParseException {

if (schema.length() == 0 & args.length == 0)
return true;

par seSchema() ;

try {
par seAr gunment s() ;

} catch (ArgsException e) {

}

return valid;

}

private bool ean parseSchema() throws ParseException {
for (String elenent : schema.split(",")) {
if (element.length() > 0) {
String trinmredEl ement = elenent.trinm);
par seSchemaEl enent (tri mredEl enent) ;
}

}

return true;

}

private void parseSchemaEl enent (String el enent) throws ParseException {
char elenentld = el enent.charAt(0);
String elementTail = el ement. substring(1);
val i dat eSchenaEl enent | d(el enent 1 d) ;
i f (isBool eanSchenaEl ement (el ement Tail))
par seBool eanSchemaEl enent (el ement | d) ;
else if (isStringSchemaEl enent (el enentTail))
par seStri ngSchenaEl enent (el enent1d);
el se if (islntegerSchemaEl enent (el ementTail)) {
par sel nt eger SchemaEl enent (el ement 1 d) ;



} else {
t hrow new Par seExcepti on(
String.format ("Argunent: % has invalid format: 9%.",
elementld, elementTail), 0);
}
}

private void validateSchemaEl ement | d(char el ementld) throws ParseException {
if (!Character.islLetter(elementlid)) {
t hrow new Par seExcepti on(
"Bad character:" + elenmentld + "in Args format: " + schema, 0);
}

}

private void parseBool eanSchenaEl enent (char el enentld) {
bool eanArgs. put (el emrent 1 d, fal se);
}

private void parsel nteger SchenaEl enent (char el enentld) {
intArgs. put(elenmentld, 0);
}

private void parseStringSchemaEl enent (char el enentld) ({
stringArgs. put(elementlid, "");
}

private bool ean i sStringSchenmaEl ement (String elenentTail) {
return el ementTail.equal s("*");

}

private bool ean i sBool eanSchenmaEl enment (String el enentTail) {
return elenentTail.length() == 0;

}

private bool ean islntegerSchemaEl ement (String elenentTail) {
return el enentTail . equal s("#");
}

private bool ean parseArgunents() throws ArgsException {
for (currentArgument = 0; currentArgunent < args.length; currentArgunent ++)
{
String arg = args[current Argunent];
par seArgunent (arg);
}

return true;

}

private void parseArgument (String arg) throws ArgsException {
if (arg.startsWth("-"))
par seEl ement s(arg);

}
private void parseEl enents(String arg) throws ArgsException {
for (int i =1; i < arg.length(); i++)
par seEl enent (arg. charAt(i));
}

private void parseEl enent (char argChar) throws ArgsException {
i f (setArgument(argChar))
ar gsFound. add(argChar);
el se {
unexpect edAr gunent s. add( ar gChar) ;
error Code = Error Code. UNEXPECTED ARGUNMENT;



valid = fal se;

}
}

private bool ean set Argunent (char argChar) throws ArgsException {
i f (isBool eanArg(argChar))
set Bool eanAr g(argChar, true);
else if (isStringArg(argChar))
set StringArg(argChar);
else if (islntArg(argChar))
setlntArg(argChar);
el se
return fal se;

return true;

}

private bool ean islntArg(char argChar) {return intArgs.containsKey(argChar);}

private void setlntArg(char argChar) throws ArgsException {
current Argunment ++;
String parameter = null;
try {
parameter = args[current Argunent];
i nt Args. put (argChar, new | nteger(paraneter));
} catch (Arrayl ndexQut Of BoundsException e) {
valid = fal se;
error Argunentld = argChar;
error Code = Error Code. M SSI NG_| NTEGER;
t hrow new ArgsException();
} catch (Nunber For mat Exception e) {
valid = fal se;
error Argunentld = argChar;
errorParaneter = paraneter;
error Code = ErrorCode. | NVALI D_I NTEGER;
t hrow new ArgsException();
}
}

private void setStringArg(char argChar) throws ArgsException {
current Argunment ++;
try {
stringArgs. put (argChar, args[currentArgunent]);
} catch (Arrayl ndexQut Of BoundsException e) {
valid = fal se;
error Argunentld = argChar;
error Code = ErrorCode. M SSI NG_STRI NG
t hrow new ArgsException();
}
}

private bool ean isStringArg(char argChar) {
return stringArgs. contai nskKey(argChar);

}

private void setBool eanArg(char argChar, bool ean val ue) {
bool eanAr gs. put (argChar, val ue);

}

private bool ean i sBool eanArg(char argChar) {
return bool eanArgs. cont ai nsKey(ar gChar);

}



public int cardinality() {
return argsFound. si ze();

}

public String usage() {
if (schema.length() > 0)
return "-[" + schema + "]"
el se
return ""
}

public String errorMessage() throws Exception {
switch (errorCode) {

case K
t hrow new Exception("TILT: Should not get here.");

case UNEXPECTED ARGUVENT:
return unexpect edAr gunent Message() ;

case M SSI NG_STRI NG
return String.format("Could not find string paraneter for -%.",

error Argunent | d);
case | NVALI D_| NTEGER:

return String.format("Argument -% expects an integer but was '%'."

error Argunentld, errorParaneter);
case M SSI NG_| NTEGER:
return String.format("Could not find integer paraneter for -%.",
error Argunent | d);
}

return "";

}

private String unexpect edAr gunent Message() {
StringBuf fer nmessage = new StringBuffer("Argunent(s) -");
for (char ¢ : unexpectedArgunents) {
nmessage. append(c) ;
}

nmessage. append(" unexpected.");

return nessage.toString();

}

publ i ¢ bool ean get Bool ean(char arg) {
return fal sel fNull (bool eanArgs. get(arg));

}

private bool ean fal sel fNull (Bool ean b) {
return b !'= null && b;

}

public String getString(char arg) {
return blanklfNull (stringArgs.get(arg));

}

public int getlnt(char arg) {
return zerol fNull (intArgs.get(arg));

}

private int zerolfNull (Integer i) {
returni == null ?2 0 : i;

}

private String blanklfNull (String s) {
return s == null ?2"" : s;

}



publ i ¢ bool ean has(char arg) {
return argsFound. contai ns(arg);

}

public boolean isValid() {
return valid,

}

private class ArgsException extends Exception {

}

| hope your initia reaction to this mass of codeis. “I’'m certainly glad he didn’'t leave it like that!” If
you fed like this, then remember that’s how other people are going to feel about code that you leave in
rough-draft form.

Actualy “rough-draft” is probably the kindest thing you can say about this code. It's clearly a work-
in-progress. The sheer number of instance variables is daunting. The odd strings like “TILT", the
HashSet s and Tr eeSet s, and the try-catch-catch blocks, all add up to afestering pile.

| had not wanted to write a festering pile. Indeed, | was trying to keep things reasonably well
organized. You can probably tell that from my choice of function and variable names; and the fact that
thereis a crude structure to the program. But, clearly, | had let the problem get away from me.

The mess built gradually. Earlier versions had not been nearly so nasty. For example, here is an
earlier version in which only Boolean arguments were working.

package com objectnmentor.utilities.getopts;
i mport java.util.*;

public class Args {
private String schens;
private String[] args;
private bool ean valid;
private Set<Character> unexpect edArgunents = new TreeSet <Character>();
private Map<Character, Bool ean> bool eanArgs =
new HashMap<Char acter, Bool ean>();
private int nunberOf Argunents = O;

public Args(String schema, String[] args) {
this.schema = schems;
this.args = args;
valid = parse();

}

public boolean isValid() {
return valid,

}

private bool ean parse() {
if (schema.length() == 0 & args.length == 0)
return true;
par seSchema() ;
par seArgument s() ;
return unexpect edArgunents. size() ==

}

private bool ean parseSchema() {
for (String elenent : schema.split(",")) {
par seSchemaEl enent (el ement) ;

}

return true;



}

private void parseSchemaEl ement (String el enent) {
if (element.length() == 1) {
par seBool eanScheraEl enent (el enent) ;
}

}

private void parseBool eanSchenaEl enent (String el enent) {
char ¢ = el enent.char At (0);
if (Character.isLetter(c)) {
bool eanArgs. put (¢, false);
}

}

private bool ean parseArgunents() {
for (String arg : args)
par seAr gunent (arg) ;
return true;

}

private void parseArgument (String arg) {
if (arg.startsWth("-"))
par seEl ement s(arg) ;

}
private void parseEl enents(String arg) {
for (int i =1; i < arg.length(); i++)
par seEl enent (arg. charAt(i));
}

private void parseEl enent (char argChar) {
i f (isBoolean(argChar)) {
nunber OF Ar gument s++;
set Bool eanAr g(argChar, true);
} else
unexpect edAr gunent s. add( ar gChar) ;
}

private void setBool eanArg(char argChar, bool ean val ue) {
bool eanAr gs. put (argChar, val ue);

}

private bool ean i sBool ean(char argChar) {
return bool eanArgs. cont ai nsKey(ar gChar);

}

public int cardinality() {
return nunmber OF Argunent s;

}

public String usage() {
if (schema.length() > 0)
return "-["+schema+"]";
el se
return ""
}

public String errorMessage() {
i f (unexpectedArgunents.size() > 0) {
return unexpect edAr gunent Message() ;
} else
return ""

1



}

private String unexpect edAr gunent Message() {
StringBuffer message = new StringBuffer("Argunent(s) -");
for (char ¢ : unexpectedArgunents) {
nmessage. append(c) ;
}

nmessage. append(" unexpected.");

return nmessage.toString();

}

publ i ¢ bool ean get Bool ean(char arg) {
return bool eanArgs. get (arg);
}
}

Although you can find plenty to complain about in this code, it's really not al that bad. I1t's compact
and smple, and easy to understand. However, within this code it is easy to see the seeds of the later
festering pile. 1t's quite clear how this grew into the latter mess.

Notice that the latter mess has only two more argument types than this. string and integer. The
addition of just two more argument types had a massive negative impact on the code. It converted it from
something that would have been reasonably maintainable, into something that | would expect to become
riddled with bugs and warts.

| added the two argument typesincrementally. Firg | added the string argument, which yielded this:

package com objectnmentor.utilities.getopts;

i mport java.text.ParseException;
i mport java.util.*;

public class Args {
private String schens;
private String[] args;
private boolean valid = true;
private Set<Character> unexpectedArgunents = new TreeSet <Char act er>();
private Map<Character, Bool ean> bool eanArgs =
new HashMap<Char act er, Bool ean>();
private Map<Character, String> stringArgs =
new HashMap<Character, String>();
private Set<Character> argsFound = new HashSet <Char acter>();
private int currentArgument;
private char errorArgunment = '\0';

enum Error Code {
OK, M SSI NG_STRI NG

private ErrorCode errorCode = ErrorCode. OK;

public Args(String schema, String[] args) throws ParseException {
this.schema = schems;
this.args = args;
valid = parse();

}

private bool ean parse() throws ParseException {
if (schema.length() == 0 & args.length == 0)
return true;
par seSchenma() ;
par seArgunment s();
return valid,

}



private bool ean parseSchema() throws ParseException {
for (String elenent : schema.split(",")) {
if (elenment.length() > 0) {
String trimredEl ement = elenent.trim);
par seSchemaEl enent (tri nmedEl enent) ;
}
}

return true;

}

private void parseSchenmaEl enent (String el enent) throws ParseException {
char elementld = el enent.charAt(0);
String elementTail = el ement. substring(1);
val i dat eSchemaEl enent | d( el enment | d) ;
i f (isBool eanSchenaEl enent (el ementTail))
par seBool eanSchemaEl enent (el ement | d) ;
else if (isStringSchenaEl enent(elenentTail))
par seStri ngSchemaEl enent (el enent 1 d);

}

private void validateSchenaEl enentld(char el ementld) throws ParseException {
if (!Character.isLetter(elementld)) ({
t hr ow new Par seExcepti on(
"Bad character:" + elenmentld + "in Args format:

+ schema, 0);

}

private void parseStringSchemaEl enent (char el enentld) ({
stringArgs. put(elementlid, "");
}

private bool ean isStringSchemaEl ement(String elementTail) {
return el ementTail.equal s("*");

}

private bool ean i sBool eanSchenmaEl enment (String el enentTail) {
return elenentTail.length() == 0;

}

private void parseBool eanSchenaEl enent (char el enentld) {
bool eanArgs. put (el emrent 1 d, false);
}

private bool ean parseArgunents() {
for (currentArgument = 0; currentArgunent < args.length; currentArgunent ++)
{
String arg = args[current Argunment];
par seArgunent (arg);
}

return true;

}

private void parseArgument (String arg) {
if (arg.startsWth("-"))
par seEl ement s(arg);

}

private void parseEl enents(String arg) {
for (int i =1; i < arg.length(); i++)
par seEl enent (arg. charAt(i));



private void parseEl enent (char argChar) {
i f (setArgunent(argChar))
ar gsFound. add(argChar) ;
el se {
unexpect edAr gunent s. add( ar gChar) ;
valid = fal se;
}
}

private bool ean set Argunment (char argChar) {
bool ean set = true;
i f (isBool ean(argChar))
set Bool eanAr g(argChar, true);
else if (isString(argChar))
set StringArg(argChar, "");
el se
set = fal se;

return set,;

}

private void setStringArg(char argChar, String s) {
current Argunment ++;
try {
stringArgs. put (argChar, args[currentArgunent]);
} catch (Arrayl ndexQut Of BoundsException e) {
valid = fal se;
error Argunent = argChar;
error Code = ErrorCode. M SSI NG_STRI NG

}
}

private bool ean isString(char argChar) {
return stringArgs. contai nskey(argChar);

}

private void setBool eanArg(char argChar, bool ean val ue) {
bool eanAr gs. put (argChar, val ue);

}

private bool ean i sBool ean(char argChar) {
return bool eanArgs. cont ai nsKey(ar gChar);

}

public int cardinality() {
return argsFound. si ze();

}

public String usage() {
if (schema.length() > 0)
return "-[" + schema + "]"
el se
return ""
}

public String errorMessage() throws Exception {

i f (unexpectedArgunents.size() > 0) {

return unexpect edAr gunent Message();
} else

switch (errorCode) {

case M SSI NG_STRI NG
return String.format("Could not find string paranmeter for -%.",
error Argunent) ;



case XK
t hrow new Exception("TILT: Should not get here.");
}

return "";

}

private String unexpect edAr gunent Message() {
StringBuf fer message = new StringBuffer("Argunent(s) -");
for (char ¢ : unexpectedArgunents) {
nmessage. append(c) ;
}

nmessage. append(" unexpected.");

return nmessage.toString();

}

publ i ¢ bool ean get Bool ean(char arg) {
return fal sel fNull (bool eanArgs. get(arg));

}

private bool ean fal sel fNull (Bool ean b) {
return b == null ? false : b;

}

public String getString(char arg) {
return blankl fNull (stringArgs.get(arg));

}

private String blanklfNull (String s) {
return s == null ?2"" : s;

}

publi ¢ bool ean has(char arg) {
return argsFound. contains(arg);
}

public boolean isValid() {
return valid;
}

}

You can see that this is starting to get out of hand. It's still not horrible; but the mess is certainly
starting to grow. It's apile, but it's not festering quite yet. It took the addition of the integer argument
typeto get this pilereally fermenting and festering.

So | stopped.

| had at least two more argument types to add, and | could tell that they would make things much
worse. If | bulldozed my way forward, | could probably get them to work; but I'd leave behind a mess that
wastoo largetofix. If the structure of this code was ever going to be maintainable, now was the time to fix
it.

So | stopped adding features, and started refactoring. Having just added the string and integer
arguments, | knew that each argument type required new code in three magjor places. Firg, each argument
type required some way to parse its schema element, in order to select the Hashmap for that type. Next,
each argument type needed to be parsed in the command-line strings and converted to itstrue type. Findly,
each argument type needed aget XXX method so that it could be returned to the caller asitstrue type.

Many different types, dl with similar methods, that sounds like a class to me. And so the
Ar gument Mar shal er concept was born.



On Incrementalism

One of the best ways to ruin a program is to make massive changes to its structure in the name of
improvement. Some programs never recover from such “improvements’. The problem is that it's very
hard to get the program working the same way it worked before the “improvement”.

To avoid this, | use the discipline of Test Driven Development (TDD). One of the central doctrines of
this approach is to keep the system running at all times. In other words, using TDD, | am not alowed to
make a change to the system that breaks that system. Every change | make must keep the system working,
asit worked before.

To achieve this, | need a suite of automated tests that | can run on a whim, that verifies that the
behavior of the system is unchanged. For the Ar gs class, | had created a suite of unit and acceptance tests
while | was building the festering pile. The unit tests were written in Java and administered by JUnit. The

acceptance tests were written as wiki pages in FitNesse. | could run these tests any time | wanted, and if
they passed, | was confident that the system wasworking as | specified.

So | proceeded to make a large number of very tiny changes. Each change moved the structure of the
system towards the Ar gunent Mar shal er concept. And yet, each change kept the system working. The
first change | made wasto add the skeleton of the Ar gunent Mar shal | er to the end of the festering pile.

private class Argunent Marshal er {
private bool ean bool eanVal ue = fal se;

public void setBool ean(bool ean val ue) {
bool eanVal ue = val ue;

}

publ i ¢ bool ean get Bool ean() {return bool eanVal ue;}

}

private cl ass Bool eanAr gunent Mar shal er extends Argunent Marshal er {

}

private class StringArgunent Marshal er extends Argunent Marshal er {

}

private class I ntegerArgunent Marshal er extends Argunent Marshal er {

}

Clearly this wasn't going to break anything. So then | made the simplest modification | could, that
would break as little as possible. | changed the Hashmap for the Boolean arguments to take an
Ar gunent Mar shal er.

private Map<Character, ArgunentMarshal er> bool eanArgs =
new HashMap<Character, Argumnent Marshal er>();

Thisbroke afew statements, which | quickly fixed.

private void parseBool eanSchemaEl enent (char el ementld) {
bool eanAr gs. put (el ement 1 d, new Bool eanAr gunent Marshal er ());

}

private void setBool eanArg(char argChar, bool ean val ue) {
bool eanAr gs. get (argChar) . set Bool ean(val ue) ;

}

publ i ¢ bool ean get Bool ean(char arg) {
return fal sel fNul | (bool eanArgs. get (arg). get Bool ean());

}




Notice how these changes are in exactly the areas that | had mentioned before. The parse, set, and get
for the argument type. Unfortunately, small as this change was, some of the tests started failing. If you
look carefully at get Bool ean you'll see that if you cdl it with * y’, but thereisno * y’ argument, then
bool eanArgs. get (‘y’) will return nul I ; and the function will throw a Nul | Poi nt er exception. The
fal sel f Nul I function had been used to protect against this, but the change | made caused that function to
becomeirrelevant.

Incrementalism demands that | get this working quickly, before making any other changes. Indeed, the
fix is not too difficult. | just have to move the check for nul I . Itisno longer the bool ean that | need to
check, it'sthe Ar guent Mar shal | er.

First | removed the fal sel f Nul | call in the get Bool ean function. It was useless now, so | aso
diminated the function itself. The tests ill failed in the same way, so | was confident that | hadn’t
introduced any new errors.

publ i ¢ bool ean get Bool ean(char arg) {
return bool eanArgs. get (arQg). get Bool ean();
}

Next | split the function into two lines and put the Ar gunent Mar shal | er into its own variable.

publ i ¢ bool ean get Bool ean(char arg) ({
Args. Argunent Mar shal er ar gunment Mar shal er = bool eanAr gs. get (arg);
return argunment Marshal er. get Bool ean() ;

}

| didn't care for the long variable name; it was badly redundant and cluttered up the function. So |
shortened it to *and.

publ i ¢ bool ean get Bool ean(char arg) {
Ar gs. Argument Mar shal er am = bool eanAr gs. get (arg);

return am get Bool ean();

}

Andthen | putinthenul | detection logic.

publi ¢ bool ean get Bool ean(char arg) {
Ar gs. Argument Mar shal er am = bool eanAr gs. get (arg);
return am!= null && am get Bool ean();

At this point you might be wondering if you should keep reading. After dl, if | continue to walk you
through the changes | madein such fine grained detail, it's going to take alot of words and space. | suspect
that you might not have the timeto invest in such aproject. So from this point on I’'m going to pick up the
pace and spare you the minute details.

Keep in mind, however, that even though we're going to start moving faster through the chain of
refactorings, each one was made just like the one above. The stepsweretiny.

String Arguments

Adding String arguments was very similar to adding bool ean arguments. | had to change the
HashMap, and get the parse, set, and get functions working. There shouldn’t be any surprises in what
follows except, perhaps, that | seem to be putting al the marshalling implementation in the
Ar gument Mar shal | er base classinstead of distributing it to the derivatives. All in good time, dearie.



private Map<Character, ArgunentMarshal er> stringArgs =
new HashMap<Character, Argumnent Marshal er>();

private void parseStringSchemaEl enent (char el enentld) {
stringArgs. put(elenmentld, new StringArgunent Marshaler());

}

private void setStringArg(char argChar) throws ArgsException {
current Ar gunment ++;
try {
stringArgs. get(argChar).setString(args[currentArgunent]);
} catch (Arrayl ndexQut Of BoundsException e) {
valid = fal se;
error Argunentld = argChar;
error Code = ErrorCode. M SSI NG_STRI NG
t hrow new ArgsException();
}
}
public String getString(char arg) {
Args. Argunment Marshal er am = stringArgs. get(arg);
return am== null ? "" : amgetString();

}

private class Argunment Marshal er {
private bool ean bool eanVal ue = fal se;
private String stringVal ue;

public void setBool ean(bool ean val ue) {
bool eanVal ue = val ue;

}

publ i ¢ bool ean get Bool ean() {
return bool eanVal ue;

}

public void setString(String s) {
stringVal ue = s;

}
public String getString() {

return stringVvValue == null ? "" : stringVal ue;
}

}

Again, these changes were made one at a time and in such a way that the tests kept running, if not
passing. When atest broke, | made sure to get it passing again before continuing with the next change.

By now you should be able to see my intent. One | get al the current marshalling behavior into the
Ar gunent Mar shal er base class, I’'m going to start pushing that behavior down into the derivatives. This
will allow meto keep everything running while | gradually change the shape of this program.

The obvious next step is to move the integer argument functionality into the Ar gunent Mar shal er .
Again, there aren’t any surprises.

private Map<Character, ArgunentMarshaler> intArgs =
new HashMap<Character, ArgunentMarshal er>();

private void parsel nteger SchenaEl enent (char el enentld) {
i ntArgs. put (elenmentld, new |IntegerArgunent Marshal er());

}
private void setIntArg(char argChar) throws ArgsException {
current Ar gunment ++;
String parameter = null;
try {
paranmeter = args[current Argunent];
i nt Args. get (argChar). setlnteger(lnteger. parselnt(paraneter));




} catch (Arrayl ndexQut Of BoundsException e) {
valid = fal se;
error Argunentld = argChar;
error Code = ErrorCode. M SSI NG_| NTEGER;
t hrow new ArgsException();

} catch (Nunber For mat Exception e) ({
valid = fal se;
error Argunentld = argChar;
error Paraneter = paraneter;
error Code = ErrorCode. | NVALI D_I NTEGER;
t hrow new ArgsException();

}
}

public int getlnt(char arg) {
Args. Argunment Marshal er am = intArgs. get(arg);
return am== null ? 0 : amagetlnteger();

}

private class Argunent Marshal er {
private bool ean bool eanVal ue = fal se;
private String stringVal ue;
private int integerVal ue;

public void setBool ean(bool ean val ue) {
bool eanVal ue = val ue;
}

publ i ¢ bool ean get Bool ean() {
return bool eanVal ue;
}

public void setString(String s) {
stringVal ue = s;

}
public String getString() {

return stringvalue == null ? "" : stringVal ue;
}

public void setlnteger(int i) {
i ntegerValue = i;
}

public int getlnteger() {
return integerVal ue;
}

}

With al the marshalling moved to the Ar gunent Mar shal er, | can start pushing functionality into the
derivatives. My first step isto move the set Bool ean function into the Bool eanAr gunent Mar shal | er,
and make sure it gets called correctly. So I'll delete setBoolean from ArgumentMarshaller, and replace it
with an abstract set method.

private abstract class Argunent Marshaler {
prot ect ed bool ean bool eanVal ue = fal se;
private String stringVal ue;
private int integerVal ue;

public void setBool ean(bool ean val ue) {
bool eanVal ue = val ue;
}

publ i ¢ bool ean get Bool ean() {



return bool eanVal ue;

}

public void setString(String s) {
stringVal ue = s;

}
public String getString() {

return stringvalue == null ? "" : stringVal ue;
}

public void setlnteger(int i) {
i ntegerValue = i;
}

public int getlnteger() {
return integerVal ue;
}

public abstract void set(String s);

}

Then I'll implement the set method in Bool eanAr gument Mar shal | er.

private cl ass Bool eanAr gunent Mar shal er extends Argunent Marshal er {
public void set(String s) {
bool eanVal ue = true;
}
}

Andfinaly I'll replace the call toset Bool ean with acall toset .

private void setBool eanArg(char argChar, bool ean value) {
bool eanAr gs. get (argChar) . set ("true");

}

Thetests al still pass, but now set is being deployed to the Bool eanAr gunent Mar shal er. So now
| can remove theset Bool ean method from the Ar gurrent Mar shal er base class.

Next, | want to deploy the get method into Bool eanAr gument Mar shal er . Deploying get functions
is aways ugly because the return type aways has to be Qbj ect, and in this case needs to be cast to a
Bool ean.

publ i ¢ bool ean get Bool ean(char arg) ({
Ar gs. Argunment Mar shal er am = bool eanAr gs. get (arg);
return am!= null && (Bool ean)am get();

}

Just to get thisto compile, | add theget function to the Ar gunent Mar shal er .
private abstract class Argunent Marshal er {

public Onject get() {
return null;
}
}

This compiles, and obvioudy fails the tests. Getting the tests working again is smply a matter of
making get abstract, and implementingitin Bool eanAgument Mar shal er .

private abstract class Argunent Marshal er {
prot ect ed bool ean bool eanVal ue = fal se;

public abstract Cbject get();
}

private cl ass Bool eanAr gunent Mar shal er extends Argunent Marshal er {



public void set(String s) {
bool eanVal ue = true;
}

public Object get() {
return bool eanVal ue;
}

}

Once again the tests pass. Now both get and set have been deployed to the Bool eanAr gunent -
Mar shal er! This means | can remove the old get Bool ean function from Ar gument Mar shal er, and
move the protected bool eanVval ue variable down to Bool eanAr gunent Mar shal er , and make it private.

Now | can do the same pattern of changes for strings. | can deploy both set and get, delete the unused

functions, and move the variables.
private void setStringArg(char argChar) throws ArgsException {
current Ar gunment ++;

try {
stringArgs. get(argChar).set(args[current Argunent]);

} catch (Arrayl ndexQut Of BoundsException e) {
valid = fal se;
error Argunentld = argChar;
error Code = ErrorCode. M SSI NG_STRI NG
t hrow new ArgsException();

}

}

public String getString(char arg) {
Ar gs. Argument Marshal er am = stringArgs. get(arg);
return am== null ? "" : (String) amaget();

}

private abstract class Argunent Marshal er {
private int integerVal ue;

public void setlnteger(int i) {

i ntegerValue = i;
}

public int getlnteger() {
return integerVal ue;
}

public abstract void set(String s);

public abstract Cbject get();
}

private cl ass Bool eanAr gunent Mar shal er extends Argument Marshal er {
private bool ean bool eanVal ue = fal se;

public void set(String s) {
bool eanVal ue = true;
}

public Ohject get() {
return bool eanVal ue;
}

}

private class StringArgunent Marshal er extends Argunent Marshal er {
private String stringValue = "";

public void set(String s) {
stringVal ue = s;



}

public Ohject get() {
return stringVal ue;
}

}
private cl ass | ntegerArgunent Marshal er extends Argument Marshal er {

public void set(String s) {

}

public Object get() {
return null;

}

}
}

Finally, we can repeat the process for integers. Thisisjust alittle more complicated because integers
need to be parsed, and the parse operation can throw an exception. But the result is better because the
whole concept of Nunber For mat Except i on gets buried in thel nt eger Ar gunent Mar shal er .

private bool ean islntArg(char argChar) {return intArgs.containsKey(argChar);}

private void setlntArg(char argChar) throws ArgsException {
current Argunment ++;
String parameter = null;
try {
parameter = args[current Argunent];
i nt Args. get (argChar). set (paraneter);
} catch (Arrayl ndexQut O BoundsException e) {
valid = fal se;
error Argunentld = argChar;
error Code = Error Code. M SSI NG_| NTEGER;
t hrow new ArgsException();
} catch (ArgsException e) {
valid = fal se;
error Argunentld = argChar;
errorParaneter = paraneter;
error Code = ErrorCode. | NVALI D_I NTEGER;
throw e;

}
}
private void setBool eanArg(char argChar) {
try {
bool eanArgs. get (argChar) . set("true");
} catch (ArgsException e) {
}
}
public int getlnt(char arg) {
Args. Argument Marshal er am = int Args. get(arg);
return am== null ? 0 : (Integer) amaget();

}

private abstract class Argunent Marshal er {
public abstract void set(String s) throws ArgsException;
public abstract Cbject get();

}

private cl ass I ntegerArgunment Marshal er extends Argunent Marshal er {
private int intValue = 0;

public void set(String s) throws ArgsException {
try {



i ntValue = Integer.parselnt(s);
} catch (Nunber For mat Exception e) {
t hrow new ArgsException();
}
}

public Object get() {
return intVal ue;
}

Of course the tests continue to pass. Now we can get rid of the three different maps up at the top of the
agorithm, and make the whole system much more generic. However, we can't do that just by deleting
them, because that would break the system. Instead, we'll add a new Map for the Ar gurrent Mar shal er,
and then one-by-one change the methods to use it instead of the three original maps.

public class Args {

private Map<Character, ArgunentMarshal er> bool eanArgs =
new HashMap<Char act er, Argunent Marshal er>();

private Map<Character, ArgunentMarshal er> stringArgs
new HashMap<Char act er, Argunent Marshal er>();

private Map<Character, ArgunentMarshaler> intArgs =
new HashMap<Char act er, Argunent Marshal er>();

private Map<Character, ArgunentMarshal er> nmarshal ers
new HashMap<Char acter, Argunent Marshal er>();

private void parseBool eanSchenaEl enent (char el enentld) {
Ar gunent Mar shal er m = new Bool eanAr gunent Mar shal er () ;
bool eanArgs. put (el ementld, m;
mar shal ers. put (el enentld, m;

}

private void parsel nteger SchenaEl enent (char el enentld) {
Argunent Marshal er m = new | nt eger Ar gunent Mar shal er () ;
intArgs. put(elementld, m;
mar shal ers. put (el enentld, m;

}

private void parseStringSchemaEl enent (char el enentld) ({
Argunent Mar shal er m = new St ri ngArgunent Marshal er () ;
stringArgs. put(elenmentlid, m;
mar shal ers. put (el enentld, m;

}

Of coursethe tests all still pass. Now we need to changei sBool eanAr g fromthis:
private bool ean i sBool eanArg(char argChar) {
return bool eanArgs. cont ai nsKey(ar gChar);

}

Tothis:

private bool ean isBool eanArg(char argChar) {
Argunent Marshal er m = narshal ers. get (argChar) ;
return minstanceof Bool eanArgunent Marshal er;

}

Thetests till pass. So now we can make the same changetoi sl nt Ar g, andi sStri ngAr g.
private bool ean islntArg(char argChar) {

Argunent Marshal er m = narshal ers. get (argChar) ;

return minstanceof I|ntegerArgunent Marshal er;

}

private bool ean isStringArg(char argChar) {
Ar gunent Marshal er m = narshal ers. get (argChar) ;
return minstanceof StringArgunentMarshal er;




Thetestsstill pass. Now we can eliminate all the duplicate callstonmar shal er s. get asfollows:
private bool ean set Argunent (char argChar) throws ArgsException {
Argunent Marshal er m = narshal ers. get (argChar) ;
i f (isBool eanArg(n))
set Bool eanAr g(argChar);
else if (isStringArg(m)
set StringArg(argChar);
else if (islntArg(m)
setl nt Arg(argChar);
el se
return fal se;

return true;

}

private bool ean islntArg(Argunment Marshal er m) {
return minstanceof I|ntegerArgunent Marshal er;

}

private bool ean isStringArg(Argunent Marshaler n) {
return minstanceof StringArgument Marshal er;

}

private bool ean i sBool eanAr g( Argunment Marshal er m) {
return minstanceof Bool eanArgunent Marshal er;

}

But now there's no good reason for the threei sxxxAr g methods. So we can just inline them:
private bool ean set Argunent (char argChar) throws ArgsException {
Argunent Marshal er m = narshal ers. get (argChar) ;
if (minstanceof Bool eanArgunent Marshal er)
set Bool eanAr g(argChar);
else if (minstanceof StringArgument Marshal er)
set StringArg(argChar);
else if (minstanceof I|ntegerArgunent Marshal er)
setl nt Arg(argChar);
el se
return fal se;

return true;

}

Now we can start using the mar shal er s map in the set functions, breaking the use of the other three
maps. We start with thebool eans.
private bool ean set Argunment (char argChar) throws ArgsException {
Argunent Mar shal er m = nmarshal ers. get (argChar) ;
if (minstanceof Bool eanArgunent Marshal er)
set Bool eanArg(m;
else if (minstanceof StringArgument Marshal er)
set StringArg(argChar);
else if (minstanceof I|ntegerArgunent Marshal er)
setlntArg(argChar);
el se
return fal se;

return true;

}
private void setBool eanAr g( Argunent Marshaler m) {
try {
mset("true"); // was: bool eanArgs. get (argChar).set("true");
} catch (ArgsException e) {




The tests still pass, so now we can do the same with Strings and I ntegers. This alows us to

integrate some of the ugly exception management code into theset Ar gument function.
private bool ean set Argunment (char argChar) throws ArgsException {
Argunent Mar shal er m = nmarshal ers. get (argChar) ;
try {
if (minstanceof Bool eanAr gunent Marshal er)
set Bool eanArg(m ;
else if (minstanceof StringArgunment Marshal er)
set StringArg(n);
else if (minstanceof I|ntegerArgunent Marshal er)
setlntArg(m;
el se
return fal se;
} catch (ArgsException e) {
valid = fal se;
error Argunentld = argChar;
t hrow e;

}

return true;

private void setlntArg(Argunment Marshal er m) throws ArgsException {
current Ar gunment ++;
String paranmeter = null;
try {
paranmeter = args[current Argunent];
m set (paraneter);
} catch (Arrayl ndexQut Of BoundsException e) {
error Code = ErrorCode. M SSI NG_| NTEGER;
t hrow new ArgsException();
} catch (ArgsException e) {
error Paraneter = paraneter;
error Code = ErrorCode. | NVALI D_I NTEGER;
throw e;
}
}

private void setStringArg(Argunment Marshal er m) throws ArgsException {
current Ar gunment ++;

try {
m set (args[current Argunent]);
} catch (Arrayl ndexQut Of BoundsException e) {
error Code = ErrorCode. M SSI NG_STRI NG
t hrow new ArgsException();
}
}

OK, we're getting close to being able to remove the three old maps. First, we need to change the

get Bool ean function from this:
publ i ¢ bool ean get Bool ean(char arg) {
Ar gs. Argunment Mar shal er am = bool eanAr gs. get (arg);
return am!= null && (Bool ean) am get();

}

Tothis:

publ i ¢ bool ean get Bool ean(char arg) ({
Ar gs. Argument Mar shal er am = narshal ers. get (arg);
bool ean b = fal se;

try {
b = am!= null && (Bool ean) amget();




} catch (C assCast Exception e) {
b = fal se;

return b;
}

This last change might have been a surprise.  Why did | suddenly decide to dea with the
Cl assCast Excepti on? Thereasonisthat | have a set of unit tests, and a separate set of acceptance tests
written in Fitnesse. It turns out that the FitNesse tests made sure that if you called get Bool ean on a hon
boolean argument, you got afalse. The unit testsdid not. Up to thispoint, | had only been running the unit
tests.

This points out a danger with using acceptance tests and unit tests. Unit test coverage can languish if
the programmer knows that the acceptance tests are covering. | fixed this here by adding a unit test that ran
all the acceptance tests.

Thislast change allows usto pull out another use of the boolean map:
private void parseBool eanSchenaEl enent (char el enentld) {
Ar gunent Mar shal er m = new Bool eanAr gunent Mar shal er () ;

mar shal ers. put (el enentld, m;

}

And now we can delete the bool ean map.
public class Args {

private Map<Character, ArgunentMarshal er> stringArgs
new HashMap<Character, Argument Marshal er>();

private Map<Character, ArgunentMarshaler> intArgs =
new HashMap<Character, Argument Marshal er>();

private Map<Character, ArgunentMarshal er> marshal ers
new HashMap<Character, Argument Marshal er>();

Now we can migrate the St ri ng and | nt eger arguments in the same manner, and do alittle cleanup

with the booleans.
private void parseBool eanSchenaEl enent (char el enentld) {
mar shal ers. put (el ement 1 d, new Bool eanAr gunent Mar shal er ());

}

private void parsel nteger SchenaEl enent (char el enentld) {
mar shal ers. put (el ement1d, new | nteger Argunment Marshal er());

}

private void parseStringSchemaEl enent (char el enentld) ({
mar shal ers. put (el ement1d, new StringArgunment Marshal er());

}

public String getString(char arg) {
Ar gs. Argument Mar shal er am = narshal ers. get (arg);

try {

return am== null ? "" : (String) amget();
} catch (C assCast Exception e) {

return ""
}

}

public int getlnt(char arg) {
Ar gs. Argument Marshal er am = marshal ers. get (arQg);
try {
return am== null ? 0 : (Integer) amget();
} catch (Exception e) {
return O;



}
}

public class Args {

private Map<Character, ArgunentMarshal er> narshalers =
new HashMap<Character, Argument Marshal er>();

Now we can inline the three parse methods, since they don’t do much anymore:

private void parseSchenmaEl enent (String el enent) throws ParseException {
char elementld = el enent.charAt(0);
String elementTail = el ement. substring(1);
val i dat eSchemaEl enent | d( el enent | d) ;
i f (isBool eanSchenaEl enent (el ementTail))
mar shal ers. put (el enent 1 d, new Bool eanAr gunment Mar shal er () ) ;
else if (isStringSchenaEl enent (el enentTail))
mar shal ers. put (el ementld, new StringArgunent Marshal er());
else if (islntegerSchemaEl enent(elenmentTail)) {
mar shal ers. put (el enent 1 d, new | nteger Argunment Marshal er());

} else {
t hrow new Par seException(String.format(
"Argunent: % has invalid format: %.", elenentld, elenentTail), 0);
}

OK, so now let’slook at the whole picture again. Here'sthe current form of theAr gs class.

package com objectnmentor.utilities.getopts;

i mport java.text.ParseException;
i mport java.util.*;

public class Args {
private String schens;
private String[] args;
private boolean valid = true;
private Set<Character> unexpect edArgunents = new TreeSet <Char act er>();
private Map<Character, ArgunentMarshal er> narshalers =
new HashMap<Character, Argument Marshal er>();
private Set<Character> argsFound = new HashSet <Char acter>();
private int currentArgument;
private char errorArgunentld = '\0';
private String errorParaneter = "TILT";
private ErrorCode errorCode = ErrorCode. OK;

private enum Error Code {
OK, M SSI NG _STRING, M SSI NG | NTEGER, | NVALI D | NTEGER, UNEXPECTED_ ARGUVENT}

public Args(String schema, String[] args) throws ParseException {
this.schema = schens;
this.args = args;
valid = parse();

}

private bool ean parse() throws ParseException {
if (schema.length() == 0 & args.length == 0)
return true;
par seSchema() ;

try {
par seAr gunment s();



} catch (ArgsException e) {
}

return valid;

}

private bool ean parseSchema() throws ParseException {
for (String elenent : schema.split(",")) {
if (element.length() > 0) {
String trinmredEl ement = elenent.trim);
par seSchemaEl enent (tri mredEl enent) ;
}
}

return true;

}

private void parseSchemaEl enent (String el enent) throws ParseException {
char elenentld = el enent.charAt(0);
String elementTail = el ement. substring(1);
val i dat eSchenaEl enent | d(el ement 1 d) ;
i f (isBool eanSchenaEl ement (el ement Tail))
mar shal ers. put (el ement 1 d, new Bool eanAr gurrent Mar shal er () ) ;
else if (isStringSchemaEl enent (el enentTail))
mar shal ers. put (el ement |1 d, new StringArgunent Marshal er());
el se if (islntegerSchemaEl enent (el ementTail)) {
mar shal ers. put (el ement1d, new | nteger Argurment Marshal er());

} else {
t hr ow new Par seException(String. format (
"Argunent: % has invalid format: %.", elenmentld, elenmentTail), 0);
}

}

private void validateSchemaEl ement | d(char el ementld) throws ParseException {
if (!Character.islLetter(elementlid)) {
t hrow new Par seExcepti on(
"Bad character:" + elenmentld + "in Args format: " + schema, 0);
}

}

private bool ean isStringSchemaEl enent (String el enentTail) {
return el ementTail.equal s("*");

}

private bool ean i sBool eanSchenmaEl ement (String el enentTail) {
return elenentTail.length() == 0;

}

private bool ean islntegerSchemaEl ement (String elenentTail) {
return el enentTail . equal s("#");
}

private bool ean parseArgunents() throws ArgsException {
for (currentArgunent =0; current Argunment <args.|ength; currentArgunment ++) {
String arg = args[current Argunent];
par seAr gunent (arg) ;

return true;

}

private void parseArgunment (String arg) throws ArgsException {
if (arg.startsWth("-"))
par seEl enent s(arg);



private void parseEl enents(String arg) throws ArgsException {
for (int i =1; i < arg.length(); i++)
par seEl enent (arg. charAt (i));

}

private void parseEl enent (char argChar) throws ArgsException {
i f (setArgunment(argChar))
ar gsFound. add(argChar);
el se {
unexpect edAr gunent s. add( ar gChar) ;
error Code = Error Code. UNEXPECTED ARGUNMENT;
valid = fal se;
}
}

private bool ean set Argunment (char argChar) throws ArgsException {
Argunent Mar shal er m = nmarshal ers. get (argChar) ;
try {
if (minstanceof Bool eanAr gunent Marshal er)
set Bool eanArg(m ;
else if (minstanceof StringArgunment Marshal er)
set StringArg(m;
else if (minstanceof I|ntegerArgunent Marshal er)
setlntArg(m;
el se
return fal se;
} catch (ArgsException e) {
valid = fal se;
error Argunentld = argChar;
t hrow e;

}

return true;

}

private void setlntArg(Argunent Marshaler m throws ArgsException {
current Ar gunment ++;
String paranmeter = null;
try {
paranmeter = args[current Argunent];
m set ( paraneter);
} catch (Arrayl ndexQut Of BoundsException e) {
error Code = ErrorCode. M SSI NG_| NTEGER;
t hrow new ArgsException();
} catch (ArgsException e) {
error Paraneter = paraneter;
error Code = ErrorCode. | NVALI D_I NTEGER;
throw e;

}
}

private void setStringArg(Argunent Marshal er m) throws ArgsException {
current Ar gunment ++;
try {
m set (args[ current Argunent]);
} catch (Arrayl ndexQut Of BoundsException e) {
error Code = ErrorCode. M SSI NG_STRI NG
t hrow new ArgsException();
}
}

private void setBool eanAr g( Argunent Marshaler m {

try {
mset("true");



} catch (ArgsException e) {
}
}

public int cardinality() {
return argsFound. si ze();

}

public String usage() {
if (schema.length() > 0)
return "-[" + schema + "]";
el se
return "";
}

public String errorMessage() throws Exception {
switch (errorCode) {
case K
t hrow new Exception("TILT: Should not get here.");
case UNEXPECTED ARGUVMENT:
return unexpect edAr gunent Message() ;
case M SSI NG_STRI NG
return String.format("Could not find string paraneter for -%.",
error Argunent | d);
case | NVALI D_| NTEGER:
return String.format("Argument -% expects an integer but was '%'."
error Argunentld, errorParaneter);
case M SSI NG_| NTEGER:
return String.format("Could not find integer paraneter for -%.",
error Argunent | d);
}

return :

}

private String unexpect edAr gunent Message() {
StringBuffer message = new StringBuffer("Argunent(s) -");
for (char ¢ : unexpectedArgunents) {
nmessage. append(c) ;
}

nmessage. append(" unexpected.");

return nessage.toString();

}

publ i ¢ bool ean get Bool ean(char arg) {
Ar gs. Argument Mar shal er am = marshal ers. get (arg);
bool ean b = fal se;
try {
b =am!= null && (Boolean) amget();
} catch (O assCast Exception e) {
b = fal se;

return b;

}

public String getString(char arg) {
Args. Argument Mar shal er am = nmarshal ers. get (arg);

try {

return am== null ? "" : (String) amget();
} catch (O assCast Exception e) {

return "";
}

}



public int getlnt(char arg) {
Ar gs. Argument Mar shal er am = narshal ers. get (arg);
try {
return am== null ? 0 : (Integer) amget();
} catch (Exception e) {
return O;
}
}

publi ¢ bool ean has(char arg) {
return argsFound. contains(arg);
}

public boolean isValid() {
return valid;
}

private class ArgsException extends Exception {

}

private abstract class Argunent Marshal er {
public abstract void set(String s) throws ArgsException;
public abstract Cbject get();

}

private cl ass Bool eanAr gunent Mar shal er extends Argunent Marshal er {
private bool ean bool eanVal ue = fal se;

public void set(String s) {
bool eanVal ue = true;

}

public Object get() {
return bool eanVal ue;
}
}

private class StringArgunent Marshal er extends Argunment Marshal er {

private String stringVal ue = ;

public void set(String s) {
stringVal ue = s;

}

public Object get() {
return stringVval ue;
}
}

private class | ntegerArgunent Marshal er extends Argunent Marshal er {
private int intValue = 0;

public void set(String s) throws ArgsException {

try {
i ntValue = Integer.parselnt(s);

} catch (Nunber For mat Exception e) {
t hrow new ArgsException();
}

}

public Object get() {
return intVal ue;



After all that work, thisis a bit disappointing. The structure might be a bit better, but we till have al
those variables up at the top, there' s till ahorrible type-casein set Ar gunent , and all thoseset functions
areredly ugly. Not to mention al the error processing. We still have alot of work ahead of us.

How long did it take to get to this point?

To build the festering pile took me about 5 hours of work. That may seem like alot of time, and it is.
However, I'm abusy guy. My phonerings dl thetime. | travel alot. | have a dozen people working for
me on various jobs around the world. So that five hours was spread over seven sessions that began on the
12" of November, 2005, and ended 11 days later on the 23" | suppose that if | had been able to truly
concentrate on what | was doing, | might have gotten the whole festering pile built in about three hours.

How much time have | spent refactoring it? The work you see above started at 11:52 on the 23° and
got to the current point at 12:57. So, just about an hour so far, and there’ s till alot to do.

Refactoring takestime. Isit worthit? Let'skeep pressing on, and we'll see.

I’d really like to get rid of that type-case up in set Argunent. What I'd like in set Argunent isa
single call to Ar gunent Mar shal er. set. This means | need to push set I nt Ar g, set Stri ngArg, and
set Bool eanAr g down into the appropriate Ar gument Mar shal er derivatives. But thereisaproblem.

If you look closdly a setlntArg, you'll notice that it uses two instance variables. args, and
current Arg. To move set | nt Arg down into Bool eanAr gurment Mar shal er, I'll have to pass both
args andcurrent Ar gs asfunction arguments. That'sdirty. I'd rather pass one argument instead of two.
Fortunately, there is asimple solution. We can convert the ar gs array into alist, and passan I t er at or
down to the set functions. The following took me 10 steps, passing all the tests after each. But I'll just
show you the result. Y ou should be able figure out what most of the tiny little steps were.

public class Args {
private String schenms;

private boolean valid = true;
private Set<Character> unexpectedArgunents = new TreeSet <Character>();
private Map<Character, ArgunentMarshal er> narshalers =
new HashMap<Character, Argument Marshal er>();
private Set<Character> argsFound = new HashSet <Char act er>();
private lterator<String> currentArgunent;
private char errorArgumentld = '\0";
private String errorParaneter = "TILT";
private ErrorCode errorCode = ErrorCode. OK;
private List<String> argsList;

private enum Error Code {
OK, M SSI NG_STRING M SSI NG | NTEGER, | NVALI D_| NTEGER, UNEXPECTED_ ARGUMENT}

public Args(String schema, String[] args) throws ParseException {
this.schema = schems;
argsLi st = Arrays. asList(args);
valid = parse();

}

private bool ean parse() throws ParseException {

if (schema.length() == 0 & argsList.size() == 0)
return true;

par seSchema() ;

try {
par seArgunment s();

} catch (ArgsException e) {

}

return valid;




private bool ean parseArgunents() throws ArgsException {
for (currentArgument = argsList.iterator(); currentArgument.hasNext();) {
String arg = current Argunent. next () ;
par seAr gunent (arg) ;

return true;

}

private void setlntArg(Argunment Marshaler m throws ArgsException {
String paranmeter = null;

try {
parameter = current Argunment. next();

m set ( paraneter);

} catch (NoSuchEl enent Exception e) {
error Code = ErrorCode. M SSI NG_| NTEGER;
t hrow new ArgsException();

} catch (ArgsException e) {
error Paraneter = paraneter;
error Code = ErrorCode. | NVALI D_I NTEGER;
throw e;

}
}

private void setStringArg(Argunent Marshal er m) throws ArgsException {

try {
m set (current Argunent . next ());

} catch (NoSuchEl enent Exception e) {
error Code = ErrorCode. M SSI NG_STRI NG
t hrow new ArgsException();
}
}

These were simple changes that kept al the tests passing. Now we can start moving the set functions
down into the appropriate derivatives. Firgt, | need to make the following changein set Ar gunent .

private bool ean set Argunent (char argChar) throws ArgsException {
Argunent Marshal er m = narshal ers. get (argChar) ;

if (m== null)
return fal se;
try {

if (minstanceof Bool eanArgunent Marshal er)
set Bool eanArg(m ;
else if (minstanceof StringArgument Marshal er)
set StringArg(n;
else if (minstanceof I|ntegerArgunent Marshal er)
setlntArg(m;
——¢clse
—rolornltoloos
} catch (ArgsException e) {
valid = fal se;
error Argunentld = argChar;
throw e;

}

return true;

}

This change is important because we want to completely eliminate the if-else chain. Therefore we
needed to get the error condition out of it.

Now we can start to move the set functions. The set Bool eanAr g function is trivial, so we'll
prepare that one first. Our god is to change the set Bool eanAr g function to smply forward to the
Bool eanAr gunent Mar shal er.

private bool ean set Argunent (char argChar) throws ArgsException {
Argunent Marshal er m = narshal ers. get (argChar) ;



if (m==null)
return fal se;
try {
i f (minstanceof Bool eanArgunent Marshal er)
set Bool eanArg(m current Argunent);
else if (minstanceof StringArgument Marshal er)
set StringArg(n;
else if (minstanceof I|ntegerArgunent Marshal er)
setlntArg(m;

} catch (ArgsException e) {
valid = fal se;
error Argunentld = argChar;
t hrow e;
}
return true;
}
private void setBool eanAr g( Argunent Marshal er m
Iterator<String> current Argunent)
t hrows ArgsException {

—yt

mset("true");

—
)

Didn’t we just put that exception processing in? Putting things in so you can take them out again is
pretty common in refactoring. The smallness of the steps, and the need to keep the tests running, means
that you move things around alot.

Refactoring is a lot like solving a Rubick’s cube. There are lots of little steps required to achieve a
large goal. Each step enables the next.

Why did we pass that i t er at or ; set Bool eanAr g cetainly doesn’'t need it. True, but setIntArg
and set StringArg willl And since | want to deploy al three of these functions through an abstract
method in Ar gument Mar shal | er, | need to passit toset Bool eanAr g.

So, now set Bool eanAr g is useless. If there were a set function in Ar gunent Mar shal er, we
could call it directly. Soit’stimeto make that function! Thefirst step isto add the new abstract method to
Ar gunent Mar shal er.

private abstract class Argunent Marshal er {
public abstract void set(lterator<String> currentArgunent)
t hrows ArgsExcepti on;

public abstract void set(String s) throws ArgsException;

public abstract Cbject get();
}

Of coursethisbreaks all the derivatives. So let’simplement the new method in each.

private cl ass Bool eanAr gunent Mar shal er extends Argument Marshal er {
private bool ean bool eanVal ue = fal se;

public void set(lterator<String> currentArgument) throws ArgsException {
bool eanVal ue = true;

}
public void set(String s) {

}

public Ohject get() {
return bool eanVal ue;
}
}



private class StringArgunent Marshal er extends Argunment Marshal er {

private String stringVal ue = ;

public void set(lterator<String> currentArgunment) throws ArgsException {

}

public void set(String s) {
stringVal ue = s;

}

public Object get() {
return stringVal ue;
}
}

private cl ass | ntegerArgunent Marshal er extends Argument Marshal er {
private int intValue = 0;

public void set(lterator<String> currentArgunment) throws ArgsException {

}

public void set(String s) throws ArgsException {
try {
i ntValue = Integer.parselnt(s);
} catch (Nunber For mat Exception e) {
t hrow new ArgsException();
}

}

public Object get() {
return intVal ue;
}
}

And now we can eliminateset Bool eanAr g!
private bool ean set Argunment (char argChar) throws ArgsException {
Argunent Marshal er m = narshal ers. get (argChar) ;
if (m==null)
return fal se;
try {
i f (minstanceof Bool eanArgunent Marshal er)
m set (current Argunent) ;
else if (minstanceof StringArgument Marshal er)
set StringArg(n;
else if (minstanceof I|ntegerArgunent Marshal er)
setlntArg(m;

} catch (ArgsException e) {
valid = fal se;
error Argunentld = argChar;
t hrow e;

}

return true;

}
The tests dl pass, and the set function is deploying to Bool eanAr gunent Mar shal er! Now we can

dothesameforStrings and | nt egers.
private bool ean set Argunment (char argChar) throws ArgsException {
Argunent Marshal er m = narshal ers. get (argChar) ;
if (m== null)
return fal se;

try {
if (minstanceof Bool eanAr gunent Marshal er)




m set (current Argunent) ;

else if (minstanceof StringArgument Marshal er)
m set (current Argunent) ;

else if (minstanceof I|ntegerArgunent Marshal er)
m set (current Argunent);

} catch (ArgsException e) {
valid = fal se;
error Argunentld = argChar;
t hrow e;

}

return true;

}

private class StringArgunent Marshal er extends Argunment Marshal er {

private String stringVal ue = ;

public void set(lterator<String> currentArgunment) throws ArgsException {
try {
stringVal ue = current Argunent. next ();
} catch (NoSuchEl enent Exception e) {
error Code = ErrorCode. M SSI NG_STRI NG,
t hrow new ArgsException();

}
}

public void set(String s) {
}

public Object get() {
return stringVal ue;
}
}

private class | ntegerArgunent Marshal er extends Argunent Marshal er {
private int intValue = O;

public void set(lterator<String> currentArgunment) throws ArgsException {

String paranmeter = null;

try {
parameter = current Argunent. next ();
set (paraneter);

} catch (NoSuchEl enent Exception e) {
error Code = ErrorCode. M SSI NG _| NTEGER;
t hrow new ArgsException();

} catch (ArgsException e) {
errorParaneter = paraneter;
error Code = ErrorCode. | NVALI D_I NTEGER;

t hrow e;
}
}
public void set(String s) throws ArgsException {
try {
i ntValue = Integer.parselnt(s);

} catch (Nunber For mat Exception e) {
t hrow new ArgsException();
}
}

public Object get() {
return intVal ue;
}
}



And so the coup-de-grace  The type-case can be removed! Touche!

private bool ean set Argunment (char argChar) throws ArgsException {
Argunent Marshal er m = narshal ers. get (argChar) ;

if (m== null)
return false;
try {

m set (current Argunent) ;
return true;

} catch (ArgsException e) {
valid = fal se;
error Argunentld = argChar;
t hrow e;

Now we can get rid of some crufty functionsin | nt eger Ar gunent Mar shal er, and clean it up abit.

private cl ass I ntegerArgunment Marshal er extends Argument Marshal er {
private int intValue = 0;

public void set(lterator<String> currentArgunent) throws ArgsException {
String parameter = null;

try {
parameter = current Argunment. next();
i ntVal ue = I nteger. parselnt(paraneter);

} catch (NoSuchEl enent Exception e) {
error Code = Error Code. M SSI NG_| NTEGER;
t hrow new ArgsException();

} catch (Nunber For mat Exception e) ({
errorParaneter = paraneter;
error Code = ErrorCode. | NVALI D_I NTEGER;
t hrow new ArgsException();

}
}

public Object get() {
return intVal ue;
}
}

We can also turn Ar gunent Mar shal er into an interface.

private interface Argument Marshaler {
void set(lterator<String> currentArgunent) throws ArgsException;
hj ect get();

So, now let’s see how easy it isto add anew argument typeto our structure. 1t should require very few
changes, and those changes should be isolated.

First we begin by adding anew test case to check that the double argument works correctly.
public void testSi npl eDoubl ePresent () throws Exception {

Args args = new Args("x##", new String[] {"-x","42.3"});

assertTrue(args.isValid());

assert Equal s(1, args.cardinality());

assertTrue(args. has('x'));

assert Equal s(42.3, args.getDouble('x'), .001);

First we clean up the schema parsing code and add the ## detection for the double argument type.
private void parseSchemaEl enent (String el enent) throws ParseException {

char elenentld = el enent.charAt(0);

String element Tail = el ement. substring(1);

val i dat eSchenaEl enent | d(el enent 1 d) ;

if (elementTail.length() == 0)




mar shal ers. put (el ement 1 d, new Bool eanAr gurrent Mar shal er () ) ;
else if (elenentTail.equals("*"))
mar shal ers. put (el ement |1 d, new StringArgunent Marshal er());
else if (elenentTail.equal s("#"))
mar shal ers. put (el ement1d, new | nteger Argurment Marshal er());
else if (elenentTail.equal s("##"))
mar shal ers. put (el ement | d, new Doubl eAr gurrent Mar shal er ());
el se
t hr ow new Par seException(String. format(
"Argunent: % has invalid format: %.", elementld, elementTail), 0);

Next we write the Doubl eAr gunent Mar shal er class.

private class Doubl eArgunent Marshal er 1 npl ements Argunent Marshal er {
private doubl e doubl eval ue = 0;

public void set(lterator<String> currentArgunent) throws ArgsException {
String paranmeter = null;
try {
parameter = current Argunent. next ();
doubl eVal ue = Doubl e. par seDoubl e( paraneter);
} catch (NoSuchEl enent Exception e) {
error Code = ErrorCode. M SSI NG_DOUBLE;
t hrow new ArgsException();
} catch (Nunber For mat Exception e) {
errorParaneter = paraneter;
error Code = ErrorCode. | NVALI D_DOUBLE;
t hrow new ArgsException();
}
}

public Object get() {
return doubl eval ue;
}

}

Thisforcesusto add anew Er r or Code.
private enum Error Code {

OK, M SSI NG _STRING, M SSI NG | NTEGER, | NVALI D_| NTEGER, UNEXPECTED_ ARGUVENT,
M SSI NG DOUBLE, | NVALI D_DOUBLE}

And we need aget Doubl e function.
publ'i c doubl e getDoubl e(char arg) {
Args. Argunent Mar shal er am = marshal ers. get (arg);

try {
return am== null ? 0 : (Double) amget();

} catch (Exception e) {
return 0.0;
}

}

And dl the tests pass! That was pretty painless. So now let's make sure al the error processing
works correctly. The next test case checks that an error is declared if an unparseable string is fed to a ##
argument.

public void testlnvalidDoubl e() throws Exception {

Args args = new Args("x##", new String[] {"-x","Forty two"});

assert Fal se(args.isValid());

assert Equal s(0, args.cardinality());

assert Fal se(args. has('x'));

assert Equal s(0, args.getlnt('x"));

assert Equal s("Argunment -x expects a double but was 'Forty two'.",
args. error Message());




public String errorMessage() throws Exception {
switch (errorCode) {
case XK
t hrow new Exception("TILT: Should not get here.");
case UNEXPECTED_ ARGUMENT:
return unexpect edAr gunent Message();
case M SSI NG_STRI NG
return String.format("Could not find string paranmeter for -%.",
errorArgunent 1 d);
case | NVALI D_| NTEGER:
return String.format("Argunent -% expects an integer but was '%'.",
error Argunentld, errorParaneter);
case M SSI NG_| NTEGER:
return String.format("Could not find integer paraneter for -%.",
errorArgunent 1 d);
case | NVALI D_DOUBLE:
return String.format("Argument -% expects a double but was '%'.",
error Argunentld, errorParaneter);
case M SSI NG DOUBLE:
return String.format("Could not find double paraneter for -%.",
error Argunent | d);

} nn

return )

And the tests pass.
The next test makes sure we detect a missing double argument properly.

public void testM ssingDouble() throws Exception {
Args args = new Args("x##", new String[]1{"-x"});
assert Fal se(args.isValid());
assert Equal s(0, args.cardinality());
assert Fal se(args. has('x"'));
assert Equal s(0. 0, args.getDouble('x"), 0.01);
assert Equal s("Coul d not find double paranmeter for -x.",
args. error Message());

This passes as expected. Wewrote it simply for completeness.

The exception code is pretty ugly, and doesn’t really belong in the Ar gs class. We are aso throwing
Par seExcept i on, which doesn't really belong to us. So let's merge al the exceptions into a single
Ar gsExcept i on class, and moveit into its own module.

public class ArgsException extends Exception {
private char errorArgunentlid = "\0";
private String errorParaneter = "TILT";
private ErrorCode errorCode = ErrorCode. CK;

public ArgsException() {}
public ArgsException(String nessage) {super(nessage);}
public enum Error Code {

OK, M SSING STRING M SSI NG | NTEGER | NVALI D | NTEGER, UNEXPECTED ARGUVENT,
M SSI NG DOUBLE, | NVALI D_DOUBLE}

}

public class Args {
private char errorArgunentld = '\0';
private String errorParaneter = "TILT";

private ArgsException. ErrorCode errorCode = ArgsExcepti on. Error Code. OK;
private List<String> argsList;

public Args(String schema, String[] args) throws ArgsException {



this.schema = schems;
argsList = Arrays. asList(args);
valid = parse();

}

private bool ean parse() throws ArgsException {

if (schema.length() == 0 && argsList.size() == 0)
return true;

par seSchema() ;

try {
par seArgunment s();

} catch (ArgsException e) {

}

return valid;

}

private bool ean parseSchema() throws ArgsException {

}

private void parseSchemaEl ement (String el enent) throws ArgsException {
el se
t hrow new ArgsExcepti on(
String.format ("Argunent: % has invalid format: 9%.",
elementl d, el ementTail));

}

private void validateSchemaEl erent| d(char el ementld) throws ArgsException {
if (!Character.isLetter(elementld)) ({
t hrow new ArgsExcepti on(
"Bad character:" + elenmentld + "in Args format:

+ schems) ;

private void parseEl enent (char argChar) throws ArgsException {
i f (setArgument(argChar))
ar gsFound. add(argChar);
el se {
unexpect edAr gunent s. add( ar gChar) ;
error Code = ArgsExcepti on. Err or Code. UNEXPECTED ARGUVMENT;
valid = fal se;

private class StringArgunent Marshal er inpl ements Argunent Marshal er {
private String stringvalue = "";

public void set(lterator<String> currentArgunent) throws ArgsException {
try {
stringVal ue = current Argunent. next();
} catch (NoSuchEl enent Exception e) {
error Code = ArgsException. Error Code. M SSI NG_STRI NG
t hrow new ArgsException();
}
}

public Object get() {
return stringVal ue;



}
}

private cl ass | ntegerArgunent Marshal er inpl ements Argumnent Marshal er {
private int intValue = 0;

public void set(lterator<String> currentArgunent) throws ArgsException {
String parameter = null;

try {
parameter = current Argunment. next();
i ntVal ue = | nteger. parselnt(paraneter);

} catch (NoSuchEl enent Exception e) {
error Code = ArgsException. Error Code. M SSI NG_| NTEGER;
t hrow new ArgsException();

} catch (Nunber For mat Exception e) {
errorParaneter = paraneter;
error Code = ArgsException. Error Code. | NVALI D_|I NTEGER;
t hrow new ArgsException();

}

}

public Object get() {
return intVal ue;
}

}

private cl ass Doubl eAr gunent Marshal er i npl ements Argunent Marshal er {
private doubl e doubl eVal ue = 0;

public void set(lterator<String> currentArgunment) throws ArgsException {
String paranmeter = null;
try {
paranmeter = current Argunent. next();
doubl eVal ue = Doubl e. par seDoubl e( par aneter);
} catch (NoSuchEl enent Exception e) {
error Code = ArgsException. Error Code. M SSI NG_DOUBLE;
t hrow new ArgsException();
} catch (Nunber For mat Exception e) ({
error Paraneter = paraneter;
error Code = ArgsException. Error Code. | NVALI D_DOUBLE;
t hrow new ArgsException();
}
}

public Ohject get() {
return doubl eVal ue;
}

}
}

Thisisnice. Now the only exception thrown by Ar gs iSAr gsExcepti on. Moving Ar gsExcept i on
into its own module means that we can move alot of the miscellaneous error support code into that module
and out of the Ar gs module. It provides a natural and obvious place to put all that code, and will really
help us clean up the Ar gs module going forward.

It took about half an hour to make the following set of changes that completely separate the exception
and error code from the Args module. This was achieved through a series of about 30 tiny steps
(according to the local history that IntellJ keeps for me), keeping the tests passing between each step.
package com objectnmentor.utilities.args;

i mport junit.framework. Test Case;

public class ArgsTest extends Test Case {



public void testCreateWthNoSchemaOr Argunents() throws Exception {
Args args = new Args("", new String[0]);
assert Equal s(0, args.cardinality());

}

public void testWthNoSchemaBut Wt hOneArgunent () throws Exception {
try {
new Args("", new String[]{"-x"});
fail();
} catch (ArgsException e) {
assert Equal s( ArgsExcepti on. Error Code. UNEXPECTED_ ARGUVENT,
e. get Error Code());
assert Equal s('x', e.getErrorArgunentid());

}
}
public void testWthNoSchemaBut WthMul ti pl eArgunents() throws Exception {
try {
new Args("", new String[]{"-x", "-y"});
fail();

} catch (ArgsException e) {
assert Equal s( ArgsExcepti on. Error Code. UNEXPECTED ARGUMENT,
e. getErrorCode());
assert Equal s('x', e.getErrorArgunmentid());

}

public void testNonLetterSchema() throws Exception {
try {
new Args("*", new String[]{});
fail ("Args constructor should have thrown exception");
} catch (ArgsException e) {
assert Equal s( ArgsExcepti on. Error Code. | NVALI D_ARGUVENT _NANME,
e. getErrorCode());
assert Equal s('*', e.getErrorArgunmentid());
}
}

public void testlnvalidArgument Format () throws Exception {
try {
new Args("f~", new String[]{}):
fail ("Args constructor should have throws exception");
} catch (ArgsException e) {
assert Equal s( ArgsExcepti on. Error Code. | NVALI D_FORVAT, e. getErrorCode());
assert Equal s('f', e.getErrorArgunmentid());

}
}

public void testSinpl eBool eanPresent () throws Exception {
Args args = new Args("x", new String[]{"-x"});
assert Equal s(1, args.cardinality());
assert Equal s(true, args. getBoolean('x'));

}

public void testSinpleStringPresent() throws Exception {
Args args = new Args("x*", new String[]{"-x", "parani});
assert Equal s(1, args.cardinality());
assertTrue(args. has('x'));
assert Equal s("param', args.getString('x'));

}

public void testM ssingStringArgunent() throws Exception {



try {
new Args("x*", new String[]{"-x"});
fail();

} catch (ArgsException e) {
assert Equal s( ArgsExcepti on. Error Code. M SSI NG_STRI NG, e. get Error Code());
assert Equal s('x', e.getErrorArgunmentid());

}

}

public void testSpaceslnFormat() throws Exception {
Args args = new Args("x, y", new String[]{"-xy"});
assert Equal s(2, args.cardinality());
assertTrue(args. has('x'));
assertTrue(args. has('y'));

}

public void testSinplelntPresent() throws Exception {
Args args = new Args("x#", new String[]{"-x", "42"});
assert Equal s(1, args.cardinality());
assert True(args. has('x'));
assert Equal s(42, args.getlnt('x"));

}
public void testlnvalidlnteger() throws Exception {
try {
new Args("x#", new String[]{"-x", "Forty two"});
fail();

} catch (ArgsException e) {
assert Equal s( ArgsExcepti on. Error Code. | NVALI D_I NTEGER, e. getError Code());
assert Equal s('x', e.getErrorArgunmentid());
assert Equal s("Forty two", e.getErrorParaneter());

}
}
public void testM ssinglnteger() throws Exception {
tI’%e\{NArgs("x#", new String[]{"-x"});
fail();

} catch (ArgsException e) {
assert Equal s( ArgsExcepti on. Error Code. M SSI NG _| NTEGER, e. get Error Code());
assert Equal s('x', e.getErrorArgunmentid());
}
}

public void testSinpl eDoubl ePresent () throws Exception {
Args args = new Args("x##", new String[]{"-x", "42.3"});
assert Equal s(1, args.cardinality());
assertTrue(args. has('x'));
assert Equal s(42.3, args.getDouble('x"), .001);

}
public void testlnvalidDouble() throws Exception {
try {
new Args("x##", new String[]{"-x", "Forty tw"});
fail();

} catch (ArgsException e) {
assert Equal s( ArgsExcepti on. Error Code. | NVALI D_DOUBLE, e. get Error Code());
assert Equal s('x', e.getErrorArgunentid());
assert Equal s("Forty two", e.getErrorParanmeter());



public void testM ssingDoubl e() throws Exception {
try {
new Args("x##", new String[]{"-x"});
fail();
} catch (ArgsException e) {
assert Equal s( ArgsExcepti on. Error Code. M SSI NG_DOUBLE, e. get Error Code());
assert Equal s('x', e.getErrorArgunentid());
}
}
}

public class ArgsExceptionTest extends TestCase {
public void testUnexpectedMessage() throws Exception {
ArgsException e =
new ArgsExcepti on( ArgsExcepti on. Error Code. UNEXPECTED ARGUMENT,

x'", null);
assert Equal s("Argunent -x unexpected.", e.errorMessage());

}

public void testM ssingStringMessage() throws Exception {
ArgsException e = new ArgsExcepti on( ArgsExcepti on. Error Code. M SSI NG_STRI NG,

x', null);
assert Equal s("Could not find string paraneter for -x.", e.errorMssage());

}

public void testlnvalidlntegerMessage() throws Exception {
ArgsException e =
new ArgsExcepti on(ArgsException. Error Code. | NVALI D_| NTEGER,
"X, "Forty two");
assert Equal s("Argument -x expects an integer but was 'Forty two'.",
e.errorMessage());

}

public void testM ssinglntegerMessage() throws Exception {
ArgsException e =
new ArgsException(ArgsException. Error Code. M SSI NG_| NTEGER, 'x', null);
assert Equal s("Could not find integer paraneter for -x.", e.errorMessage());

}

public void testlnvalidDoubl eMessage() throws Exception {
ArgsException e = new ArgsExcepti on( ArgsExcepti on. Error Code. | NVALI D_DOUBLE,
"x', "Forty two");
assert Equal s("Argunent -x expects a double but was 'Forty two'.",
e.errorMessage());

}

public void testM ssi ngDoubl eMessage() throws Exception {
ArgsException e = new ArgsExcepti on( ArgsExcepti on. Error Code. M SSI NG_DOUBLE,

x'", null);
assert Equal s("Coul d not find double paranmeter for -x.", e.errorMessage());

}

public class ArgsException extends Exception {
private char errorArgumentld = '\0";
private String errorParaneter = "TILT";
private ErrorCode errorCode = ErrorCode. OK;

public ArgsException() {}
public ArgsException(String nessage) {super(nmessage);}

publ i c ArgsException(ErrorCode errorCode) {
this.errorCode = errorCode;
}



publ i c ArgsException(ErrorCode errorCode, String errorParameter) {

this.errorCode = errorCode;
this.errorParaneter = errorParaneter;

}

publ i ¢ ArgsException(ErrorCode errorCode, char errorArgunentld,
String errorParaneter) {
this.errorCode = errorCode;
this.errorParaneter = errorParaneter;
this.errorArgunmentld = errorArgunentld;

}

public char getErrorArgunentld() {
return errorArgunentld,
}

public void setErrorArgunentld(char errorArgunentld) ({
this.errorArgunmentld = errorArgunentld;
}

public String getErrorParaneter() {
return errorParaneter;
}

public void setErrorParaneter(String errorParaneter) ({
this.errorParanmeter = errorParaneter;
}

publ i c ErrorCode getErrorCode() ({
return error Code;
}

public void setErrorCode( ErrorCode errorCode) ({
this.errorCode = errorCode;
}

public String errorMessage() throws Exception {
switch (errorCode) {
case K
t hrow new Exception("TILT: Should not get here.");
case UNEXPECTED ARGUVMENT:

return String.format("Argunent -% unexpected.", errorArgunentld);

case M SSI NG_STRI NG

return String.format("Could not find string paraneter for -%.",

error Argunent | d);
case | NVALI D_| NTEGER:

return String.format("Argument -% expects an integer but was

error Argunentld, errorParaneter);
case M SSI NG_| NTEGER:

U8 .

return String.format("Could not find integer paraneter for -%.",

error Argunent | d);
case | NVALI D_DOUBLE:

return String.format("Argument -% expects a double but was '%'.

error Argunentld, errorParaneter);
case M SSI NG _DOUBLE:

return String.format("Could not find double paraneter for -%.",

error Argunent | d);

} nn

return ;

}

publ i c enum Error Code {



OK, | NVALI D_FORVAT, UNEXPECTED ARGUVMENT, | NVALI D_ARGUMENT_NAME,
M SSI NG_STRI NG,

M SSI NG_| NTEGER, | NVALI D_| NTECGER,

M SSI NG_DOUBLE, | NVALI D_DOUBLE}

}

public class Args {
private String schens;
private Map<Character, ArgunentMarshal er> narshalers =
new HashMap<Char acter, Argument Marshal er>();
private Set<Character> argsFound = new HashSet <Char acter>();
private lterator<String> currentArgunent;
private List<String> argslList;

public Args(String schema, String[] args) throws ArgsException {
this.schema = schens;
argsLi st = Arrays. asList(args);
parse();

}

private void parse() throws ArgsException {
par seSchema() ;
par seAr gument s();

}

private bool ean parseSchema() throws ArgsException {
for (String element : schema.split(",")) {
if (elenment.length() > 0) {
par seSchenaEl enent (el enent. trin());
}

}

return true;

}

private void parseSchemaEl ement (String el enent) throws ArgsException {
char elementld = el enent.charAt(0);
String elementTail = el ement. substring(1);
val i dat eSchemaEl enent | d( el enment | d) ;
if (elenmentTail.length() == 0)
mar shal ers. put (el enment 1 d, new Bool eanAr gurrent Mar shal er () ) ;
else if (elenentTail.equal s("*"))
mar shal ers. put (el ement 1 d, new StringArgument Marshal er());
else if (elenentTail.equal s("#"))
mar shal ers. put (el ement 1 d, new | nt eger Argurment Mar shal er());
else if (elenentTail.equal s("##"))
mar shal ers. put (el ement | d, new Doubl eAr gurrent Mar shal er());
el se
t hrow new ArgsExcepti on( ArgsExcepti on. Error Code. | NVALI D_FORVAT,
elementld, elenentTail);

}

private void validateSchemaEl erent| d(char el ementld) throws ArgsException {
if (!Character.islLetter(elementlid)) {
t hrow new ArgsExcepti on( ArgsExcepti on. Error Code. | NVALI D_ARGUVENT_NAME,
elementld, null);
}

}

private void parseArgunments() throws ArgsException {
for (currentArgument = argsList.iterator(); currentArgument.hasNext();) {
String arg = current Argunent. next () ;
par seAr gunent (arg) ;



private void parseArgument (String arg) throws ArgsException {
if (arg.startsWth("-"))
par seEl ement s(arg);

}
private void parseEl enents(String arg) throws ArgsException {
for (int i =1; i < arg.length(); i++)
par seEl enent (arg. charAt(i));
}

private void parseEl enent (char argChar) throws ArgsException {
i f (setArgument(argChar))
ar gsFound. add(argChar);
el se {
t hrow new ArgsExcepti on( ArgsExcepti on. Error Code. UNEXPECTED ARGUMENT,
argChar, null);
}
}

private bool ean set Argunent (char argChar) throws ArgsException {
Argunent Marshal er m = narshal ers. get (argChar) ;
if (m==null)
return fal se;
try {
m set (current Argunent) ;
return true;
} catch (ArgsException e) {
e.setErrorArgunent | d(argChar);
t hrow e;
}
}

public int cardinality() {
return argsFound. si ze();

}

public String usage() {
if (schema.length() > 0)
return "-[" + schema + "]";
el se
return "";
}

publ i ¢ bool ean get Bool ean(char arg) {
Argunent Mar shal er am = marshal ers. get (arg);
bool ean b = fal se;
try {
b =am!= null && (Boolean) amget();
} catch (O assCast Exception e) {
b = fal se;

return b;

}

public String getString(char arg) {
Argunent Mar shal er am = marshal ers. get (arg);

try {

return am== null ? "" : (String) amget();
} catch (O assCast Exception e) {

return ""
}

}



public int getlnt(char arg) {
Argunent Mar shal er am = marshal ers. get (arg);
try {
return am== null ? 0 : (Integer) amget();
} catch (Exception e) {
return O;
}
}

publ i ¢ doubl e get Doubl e(char arg) {
Argunent Mar shal er am = marshal ers. get (arg);
try {
return am== null ? 0 : (Double) amget();
} catch (Exception e) {
return 0.0;
}
}

publi ¢ bool ean has(char arg) {
return argsFound. contains(arg);
}
}

The majority of the changes to the Ar gs class were deletions. A lot of code just got moved out of

Ar gs and put into Ar gsExcept i on. Nice. We also moved all theAr gunent Mar shal | er s into their own
files. Nicer!

Much of good software design is simply about partioning -- creating appropriate places to put different
kinds of code. This separation of concerns makes the code much simpler to understand, and maintain.

Of specia interest istheer r or Message method of Ar gsExcept i on. Clearly it wasaviolation of the
SRP to put the error message formatting into Ar gs. Ar gs should be about the processing of arguments, not
about the format of the error messages. However, does it really make sense to put the error message
formatting code into Ar gsExcept i on?

Frankly, it's a compromise. Users who don't like the error messages supplied by Ar gsExcepti on
will have to write their own. But the convenience of having canned error messages aready prepared for
you is not insignificant.

By now it should be clear that we are within striking distance of the final solution that appeared at the
start of this chapter. I'll leave the final transformationsto you as an exercise.

Conclusion

It is not enough for code to work. Code that works is often badly broken. Programmers who satisfy
themselves with merely working code are behaving unprofessionally. They may fear thet they don’t have
time to improve the structure and design of their code; but | disagree. Nothing has a more profound and
long-term degrading effect upon a development project than bad code. Bad schedules can be redone, bad
requirements can be redefined. Bad team-dynamics can be repaired. But bad code rots and ferments,
becoming an inexorable weight that drags the team down. Time and time again | have seen teams grind to
acrawl because, in their haste, they created a malignant morass of code that forever thereafter dominated
their destiny.

Of course bad code can be cleaned up. But it's very expensive. As code rots the modules insinuate
themselves into each other, creating lots of hidden and tangled dependencies. Finding and breaking old
dependencies is along an arduous task. On the other hand, keeping code clean is relatively easy. If you
make amessin amodulein the morning, it is easy to clean it up in the afternoon. Better yet, if you make a
made amess 5 minutes ago, it’ svery easy to clean it up right now.

So the solution isto continuously keep your code as clean and simple asit can be. Never let therot get
started.



