


Developing with
compile time in
mind

richard cattermole

This book is for sale at
http://leanpub.com/ctfe

This version was published on 2015-10-12

This is a Leanpub book. Leanpub empowers
authors and publishers with the Lean
Publishing process. Lean Publishing is the act
of publishing an in-progress ebook using
lightweight tools and many iterations to get
reader feedback, pivot until you have the
right book and build traction once you do.

http://leanpub.com/ctfe
http://leanpub.com
http://leanpub.com/manifesto


©2015 richard cattermole



Tweet This Book!
Please help richard cattermole by spreading
the word about this book on Twitter!

The suggested hashtag for this book is
#ThinkCTFE.

Find out what other people are saying about
the book by clicking on this link to search for
this hashtag on Twitter:

https://twitter.com/search?q=#ThinkCTFE

http://twitter.com
https://twitter.com/search?q=%23ThinkCTFE
https://twitter.com/search?q=%23ThinkCTFE


Also By richard
cattermole
The way to program

http://leanpub.com/u/alphaglosined
http://leanpub.com/u/alphaglosined
http://leanpub.com/twp-d


Contents

Preface . . . . . . . . . . . . . . . . . i

Introduction . . . . . . . . . . . . . . 1

Exploring language support . . . . . 2
The D programming language . . 3

Developing CTFE’able code . . 5
Reflection . . . . . . . . . . . . 9

__traits . . . . . . . . . 10
“compiles” . . . . 11
“getAttributes” . . 12
“allMembers” . . 14
“hasMember” . . 16

Standard library (std.traits) 18
Lisp family of languages . . . . . . 19

Different Types . . . . . . . . . . . . 20



CONTENTS

Constant expansion . . . . . . . . 21
Macros . . . . . . . . . . . . . . . 22
Execution . . . . . . . . . . . . . . 23
AST execution . . . . . . . . . . . 24
External execution . . . . . . . . . 25

Design patterns . . . . . . . . . . . . 26
Helper generators . . . . . . . . . 29
Get checker generators . . . . . . 30
Import checker generators . . . . . 33
Mix gen checked . . . . . . . . . . 35

Use cases . . . . . . . . . . . . . . . . 38
Web servics - Routing . . . . . . . 39
Web services - ORM . . . . . . . . 40
Web services - Templating . . . . . 41
JNI - Wrapping Java Types . . . . 42

Tutorials . . . . . . . . . . . . . . . . 44
ORM . . . . . . . . . . . . . . . . 45

References . . . . . . . . . . . . . . . 50

Glossary . . . . . . . . . . . . . . . . 52

Example code . . . . . . . . . . . . . 53
Tutorial code . . . . . . . . . . . . 54



CONTENTS

Simple example . . . . . . . . . 54
Example model . . . . . . . . . 55
User defined attributes . . . . . 58
Reflection wrapper . . . . . . . 60
Compatibility UDA code . . . . 98
Does symbol have UDA? . . . . 102
UDA value . . . . . . . . . . . 115



Preface
To me this book represents hope. Hope

for the future learning this book will provide.
Exploring of new language designs and how it
can affect the real world usage.

As the author, I’ve felt the research and
resource into CTFE is just lacking. I discovered
this during 2014. I was writing a research
paper for my degree all about how D could
benefit business and using CTFE as an ex-
ample. All the while only finding a couple
research papers in total that used CTFE in
any form. In almost all the cases they were
not using it to the lengths possible in the D
programming language.

Because of the striking lack of information
and some free time, I started work on this
book to remedy based uponwhat I had learned
by creating a range of libraries which utilized
CTFE heavily.



Introduction
Developing software is an amazing pro-

cess that can take many different forms. In
the case of this book we look towards a lit-
tle known and used concept. Compile Time
Function Execution or Evaluation for those in-
clined, is the ability to execute code during the
compilation phase of a program. This opens
up many different avenues for automation
of code generation. But it is a double edged
sward. The time it takes during compilation
is heavily dependent upon what the compiler
must do.

When reading this book, have inmind that
very few languages actually support CTFE
currently. Those that do generally do not sup-
port it to the extent that is expected for this
book. Because of this and the experiance with
the D programming language. It has been cho-
sen by the author to use D as the base language
refered to within the book.



Exploring
language support

Language support for CTFE is rather var-
ied. From the most utter basic of constant
expansion such as parsing of a number literal.
To the more complex of having a GUI toolkit
running.

Because of how varied CTFE support can
be, it must be classified. The LISP family lan-
guages are a great starting point in everything
from simple to complex designs. The D pro-
graming language on the other hand, can be
more familiar because of its C family orig-
ination. Unlike the C/C++ where the macro
preprocessor was used, D does not have this.
However in some ways the macro pre-proces-
sor in C/C++ could be considered a form of
CTFE.
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The D programming
language

To fully grasp the usage of CTFE in a
codebase. Let’s start off with a language that
has a semi decent support. For this the D pro-
gramming language will be used. D has good
CTFE support but it does have limitations
which are intentional.

D has meta-programming support which
has been described as compile time arguments.
A particularly unique language feature D has
is known as a mixin template. A mixin tem-
plate is a template that instead of creates a new
type, can be effectively be thought of as output
AST in a given context¹.

A mixin template should not be confused
with a normal template. Where a normal tem-
plate effectively creates a new symbol uniquely
to the arguments given².

¹http://dlang.org/template-mixin.html
²http://dlang.org/template.html
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To further make use of CTFE code, it can
be useful to take input in some form or an-
other. That does not rely on hard coding into
the file the values. There are two known ways
for this, string imports and using a tool such
as Bin2D[ˆBin2DGithub].

String imports have the syntax of enum

string thefile = import("file");. The
search path for the file must be provided to
the compiler via the -J flag or for dub via
stringImportPaths property.

Bin2D is a very useful tool in that it can
generate a file that contains many directories
or files as byte arrays. Alternatively it can
also export at runtime on request. However
because of it being an external tool it does re-
quire a preprocess action which can be slower.
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Developing CTFE’able code
To develop D code compatible with com-

pile time, there is one main restriction. All re-
quired information to execute must be passed
in. There is no global data in any form includ-
ing static variables within a function.

As a result of this restriction the pure

attribute is in heavy use by the author in
his code bases. The pure attribute reflects the
same restrictions that CTFE comprises of. No
access to global data. Most of the time it would
also be wise to add @safe. Where by removing
the direct use of pointers.

An exception to the rule of no global data
is constants. A constant such as enum is well
known by the compiler, as such it can be
utilized. However the opposite of this rule is
no external code such as extern(C) functions.
An example of a CTFE’able function would be
factorial.
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Factorial function callable at compile time.

1 size_t factorial(size_t n) pure {

2 assert(n < 11);

3

4 if (n == 0)

5 return 1;

6 else

7 return n * factorial(n - 1);

8 }

9

10 static assert(factorial(5) == 120);

As shown by the code sample for a facto-
rial callable at compile time it must execute
and output the value of 120 during compila-
tion. We know that it must by the static assert
statement on line 10.

The pure attribute is listed on the right of
the statement declaration before the opening
bracket. For those unfamiliar with D this has
the same effect as it being of the left. However
contested. Some consider it good practice for
attributes on the right to refer to the function
and the left return type. Further, size_t is used
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as the data type. This is an unsigned integer
dependent upon the word size of the resulting
binary. Such as for 32bit, uint.

During optimised targets (-release) as-
sert at compile time (not static version) should
also be assumed to work and work like a static
assert.

The declaration of size_t is an alias within
two version statements. One for x86 the other
for x86_64. Lastly, there is two different types
of asserts in D. First the normal runtime based
assert and secondly the compile time static
assert. The static assert is a declaration at
compile time that must be true to compile.
Whereas during a debug build an assert will
throw an exception if it is not true. This is
useful for contract based programming.

However this is not the only type of static
statement, there is another: Static if! Static if
is just like a regularly if statement except it
can conditionally include code based upon the
statement at runtime. This is comparable to
the #if or #ifdef macro in C/C++. However do
note, this is part of the language and not part
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of a preprocessor like in C/C++ ³.
Going forward it is necessary to discern

the difference between runnable at runtime
and not. Not all code that is written with
CTFE in mind should be ever ran during run-
time. This produces three groups of code. 1.
Runnable during runtime 2. Runnable during
compile time 3. Runnable during runtime and
compile time

The first is the most obvious, in most lan-
guages you write for this predominately. If
manipulation of types is required, runtime
based reflection is used. In D however this
is not possible comparatively without explicit
compile time knowledge and expectation of
this. Second, to execute at compile time is
mostly what this book is about. However it
would be useless if it couldn’t produce code to
be executed during runtime. This is the third
group.

Third, to execute at both compile time and
runtime. To execute during runtime, informa-
tion is passed in during compilation. While
this may include the most basic generic like

³http://www.cplusplus.com/doc/tutorial/preprocessor/
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functionality found in Java. For all all intents
and purposes it is not for this book. That is
categories under the first, runtime based. This
is because while it does change code gener-
ation, it does not produce code specifically
based upon the input. Code that uses this
functionality include ranges and generics for
e.g. all three string types (string, dstring and
wstring).

Reflection
Previously it has been said that in the D

programming language there is very limited
means of reflecting over types during runtime.
While this produces more solid, performant
code it does introduce some serious restric-
tions. Because of this the usage of CTFE is
heavily used when reflection is required.

D’s support for reflection usage during
compilation is separated out into two different
parts. First the __traits expression. In a way
this can be thought of as a pragma⁴, a compiler
specific expression to gain information about

⁴http://en.wikipedia.org/wiki/Directive_(programming)
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types. The second being a module within the
standard library, std.traits. Which provides
many useful functions to gain information
about types by using the information provided
by e.g. __traits.

There is three useful parts of the language.
First typeof statement. Which gives you the
type of any variable or expression. Second
stringof property. This is a property of a type
where it gives you a representation of it. This
can be changed at any time, it is not standard
defined. Lastly, .mangleof for types (including
methods) will give you the name the ABI has
generated.

__traits
Traits are extensions to a language, to en-

able at compile time, to get information in-
ternal to the compiler. This is also known as
compile time reflection. It is done as a special,
easily extended syntax (similar to Pragmas)
so that new capabilities can be added as re-
quired. There are many trait expressions that
the D language support. Only a few will be
mentioned here. They are the most useful
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when working at compile time and using it to
identify and produce code. At the time of this
writing there are many traits. The following
will be covered.

• compiles
• getAttributes
• allMembers
• hasMember

This is far from complete. A full list would
be the length of this page. The list is available
on the D language reference traits page ⁵.

“compiles” The compiles expression is use-
ful for when differentiating between code that
can be used and cannot. This has two uses. 1.
There is no method via e.g. traits to determine
something that is available in the actual lan-
guage. 2. Workaround compiler issues, with
unknown workable code.

While it would be preferable that the sec-
ond didn’t exist, realistically even if the com-
piler was stable bug wise issues would still

⁵http://dlang.org/traits.html
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cause it to be needed. To demonstrate a simple
hello world example will be used.
Example code where compiles trait checks that
writeln is defined

1 import std.stdio;

2

3 static if (__traits(compiles, { write\

4 ln("hi"); })) {

5 void main() {

6 writeln("hi");

7 }

8 }

In this example importing of the std.stdio
module is included. Then a static if to check
that writeln is provided. If so include in amain
function that write outs.

“getAttributes” This expression, getAttributes
is used in conjunction with UDA’s or User
Defined Types. These are heavily used in lan-
guages such as Java using the term annotation.
These languages use them for everything from
data models property definitions for ORM’s to
serializers. An example of using UDA’s with
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the getAttributes traits expression is to get all
attributes on a given function.
__traits getAttributes example usage with a func-
tion declaration

1 @("a")

2 @("b")

3 void func() {}

4

5 pragma(msg, __traits(getAttributes, f\

6 unc));

Output

1 tuple("a", "b")

In the given code, a function (func) has
two separate UDA’s applied to it. These then
are printed during compilation by using the
msg pragma. This also works with types and
properties.
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“allMembers” The allMembers trait is a highly
important one when in usage in libraries that
will automatically register types or declara-
tions. It can be used to get all declarations
and types within a module and class/struc-
t/union/enum. It has such great importance
that the author wants to express that this is
considered a pet language feature for him.
This is because, if this fails in any way it can
be the difference between configuring all data
models at runtime for a web service and not.
An important quirk to be aware of is that in
any module in D, it will automatically import
object.d. This provides everything from type
info for types to exceptions. Because of this,
some extra symbols can be outputted from it.
They may need to be checked for depending
on the use case. For an example the difference
between an enum, module and class will be
used:
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Traits allMembers example for a module, enum and
class

1 module mymodule;

2

3 enum MyEnum {

4 AValue,

5 BValue

6 }

7

8 class MyClass {

9 int x;

10 bool y;

11

12 void myfunc() {}

13 int myfunc2() { return 0; }

14 }

15

16 pragma(msg, __traits(allMembers, mymo\

17 dule));

18 pragma(msg, __traits(allMembers, MyEn\

19 um));

20 pragma(msg, __traits(allMembers, MyCl\

21 ass));

In the given code, there has been declared
an enum and a class. Do note that modules can
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be referred to, just liked imported modules by
name. If the given code was to be ran it would
output:

Output

1 tuple("object", "MyEnum", "MyClass")

2 tuple("AValue", "BValue")

3 tuple("x", "y", "myfunc", "myfunc2", \

4 "toString", "toHash", "opCmp", "opEqu\

5 als", "Monitor", "factory")

“hasMember” The last of the traits that will
be discussed, but this one has some great uses
in both workaround and in general feature de-
tection. A great example of feature detection
is to determine if the given method on a class
was provided by Object or a super class/in-
terface. To showcase this, a simple output if
a class has a method:
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Traits hasMember example, comparing a class and
the Object class

1 class MyClass {

2

3 void myfunc() {}

4 }

5

6 pragma(msg, __traits(hasMember, MyCla\

7 ss, "myfunc"));

8 pragma(msg, __traits(hasMember, MyCla\

9 ss, "toString"));

10 pragma(msg, __traits(hasMember, Objec\

11 t, "toString"));

In the given code, it should output true
three times. This is a bool value returned by
the trait. So it is safe to check against.
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Standard library (std.traits)
Unlike the language supplied traits, the

standard library functions does not add new
support. They utilized the language support,
parses the mangling to gain information about
types and declarations. Not all functions are
needed to be understood, but here are some
key ones:

• moduleName
• isBasicType
• isSomeString
• ReturnType
• ParameterTypeTuple
• ParameterIdentifierTuple

These can be divided into information about
a type and manipulating a type to get infor-
mation. Information about a type is things
like its module and manipulating a type (for
a function) is getting it’s return type.
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Lisp family of languages
The LISP family languages cover a large

variety. Common-LISP, Dylan and Converge
are great examples. They each have some form
of support for CTFE. They base their im-
plementation upon macros. Common-LISP is
the most basic of all the support. The macro
support evaluating new code based upon the
call. But expands out in a forced inline. While
this is fairly powerful, Dylan provides much
more access to the compiler. Dylan’s macros
are meant for direct extension to the language
for both statements, definitions and opera-
tors. What is unique about Dylan is many
features that would be considered on a type
is moved into macros. Lastly in Converge,
CTFE is thought of as compile-time meta-
programming. This is different in other LISP
languages primarily in that it gives full access
to the AST at that macros entry point. This
is by using a “CEI” object. This is considered
the main method at CTFE to interact with the
compiler.



Different Types
Implementation of any functionality can

vary widely. In the case of CTFE there is
a number of different versions that can be
implemented. To understandwhat can be used
in hypothetical languages or implementations
we will be categorizing them as:

• Constant expansion
• Macros
• Execution
• AST execution
• External execution
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Constant expansion
An implementation defined as constant

expansion is used primarily for numbers.While
it does not form function execution during
runtime, this is the basis for majority of the
implementations.

All languages used this to some degree.
Some have fancy support where by number
constants can be in any number of formats.
They could even form other types such as
strings.
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Macros
Themacro implementation, hasmany great

examples but primarily this can be defined as
a preprocessor of sorts. A preprocessor such as
C/C++’s would be the end definition.

Having support for conditional compila-
tion, definition of values and conditional ma-
nipulation of input data these are functionality
to be expected. However string manipulation
might be out of scope. The preprocessor func-
tionality will be heavily defined and limited.
It should not be expected to extend it.

While this is called a macro implemen-
tation it does not include support for mod-
ifying a language statements or expressions
the compiler supports. As seen in LISP family
of languages. Nor does it allow for directly
manipulating the compiler. A LISP macro is
not the same as a macro defined by this.
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Execution
It is expected that an execution implemen-

tation is capable of:

• Executing self contained functions that
might have limitiations upon. These in-
clude:

– No global data
– Only functions with sources may
be executed

– Raw memory manipulation, not
allowed

• Syntax might be special for function
execution

• Meta-programming (compile time ar-
guments) in some form is heavily rec-
ommended

• AST being able to be queried in some
form. This may be limited to the com-
pile unit or symbols passed via meta-
programming
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AST execution
Unlike Execution style CTFE, AST exe-

cution provides full access and manipulation
directly to the compiler and AST. This can be
very powerful in producing executable code
that is highly efficient based upon reflected
information.

Due to the direct nature, a compiler front
end that supports this will have multiple iter-
ations of code when it runs CTFE.

1. Argument deduction
2. Parse files
3. CTFE execution
4. Repeat 2 and 3 till there is none left to

do
5. Produce binary

Of course there will be custom require-
ments based upon language needs.
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External execution
External execution utilize the same sup-

port that AST execution supports except it has
the capacity to execute unknown but linkable
functions during compile time. This includes
the C standard library for e.g. printf.

Most likely this will include access to three
functions comparable to these three *nix func-
tions:

• dlopen
• dlsym
• dlclose

At the very least, if the references gotten
from it are wrapped in a type that can and will
have its destructor called during compilation
when the compile time value is no longer used.
Then it should not leak and force the Operat-
ing System to clean up after the compiler.



Design patterns
To fully take advantage of compile time

functionality, it may not be possible to use
design patterns that are well known. Normally
they take advantage of well definated virtual
interfaces to classes to enable swapping be-
tween implementations. This is a hinderence
when working with compile time and meta-
programming. For these situations you must
know the exact implementation that you are
deal with at all points. A great example of a
common design pattern that can be adapted
to compile time easily is the visitor pattern.
The core difference is in the element instead
of specifying the visitor abstraction interface,
you use an abstract class as part of the meta
programming arguments. An Example in the
D programming language:
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1 class ConcreteElement : Element {

2 override void accept(T : Visitor)(T \

3 visitor) {

4 visitor.visit(this);

5 }

6 }

At this point it would be simple on Visitor
to implement a specific implementation for
the Element implementation. Alternatively a
similar method to the one above could be used
to handle it abstractly. Such as:

1 class ConcreteVisitor : Visitor {

2 void visit(T : Element)(T obj) {

3 pragma(msg, T.stringof);

4 }

5 }

Of note is the runtime if statement support
for determining if a class instance inherits
from a specific interfaces/class.
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1 if (Type to = cast(Type)from) {

2 ...

3 }

This might be useful at compile time if the
possible types were limited. However if the
purpose is to generate code for runtime usage
then checking type using a static if is the
right tool.
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Helper generators
This design pattern is a general use case

one. The term generator is a rather awful
designation, but it pushes the thought of what
a generator does. It creates something to be
used. Under this design pattern there is two
types of functions. A helper function is a sin-
gle purpose function that is designed to exe-
cute only at compile time. It mostly requires
some form of compile time arguments via
e.g. metaprogramming. It uses type informa-
tion to derive new information and return it.
Attributes and returning a specific piece of
information from it are a great example. A
generator function produces a function to be
executed at runtime, but uses compile time
information. This calls helper functions to do
so.



Design patterns 30

Get checker generators
As suggested in helper generator section,

the usage of helper functions is to gain infor-
mation from types. In this case by utilizing
attributes on types and function/method dec-
larations. This is followed from a registration
function call. From this call the required hook-
ing into the generators occur. The registration
of types, functions ext. occur in a centralized
manner. It is common to expect during reg-
istration some form of determinacy of what
the input type is. The checking of types and
determining what they are capable of is done
by functions called checkers these are in the
same category as helper functions however
they unlike helper functions may do many
things to archive there purpose.
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Get checker design pattern
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As shown in the a UML diagram, is how
this would be used in the D programming
language. The main thing to be aware of is
D has module (a file) constructors. Enabling
initiation and running of code before the main
function. This handles registration of types.
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Import checker
generators

This is an unusual design pattern in that it
can be used both at compile time and runtime.
The reason why this work at compile time is
that it assumes all information required to do
its work is available in some form of context
data type. As an example the D programming
language is used to facilitate demonstrating
how it could be designed.

Themeta-programming version of genera-
teX is not required. This is only useful for pass-
ing in symbols or doing some other import
related transformation that is only possible at
compile time aware features.

The generation function acts in in a linear
algorithm. Possible psuedo code is:

• Optional: transform input
• Call parseX
• Call handleX with result from parseX
• Return apropriete value(s) from the in-
termediate context variable from par-
seX/generateX.
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Import checker generator design pattern
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Mix gen checked
This design pattern has similarities to the

get checker generator pattern. The two main
difference in them are:

• Get checker generator uses UDA’s and
a type for input during generation. Mix
gen checked instead uses other types
such as templated structs.

• Mix gen checked does not require types
to be manually registered. Instead the
usage of a language feature such as D’s
mixin template, is its own registration
mechanism.

This pattern can be thought of as the ex-
ternal api version of the get checker generator
pattern. Where it being the internal version.
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Import checker generator design pattern
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As shown in the UML diagram example,
the structural implementation for the D pro-
gramming language. It can be made slightly
differently in that the checkers may be com-
bined with the generator. The arguments to
the mixin template within definitions may
also be changed to accommodate per the pur-
pose. Because of this, it is safe to assume that
they might be modified before being passed to
the generator.



Use cases
Web service development is quite a ma-

jor use case for compile time reflection and
execution. The reason being, you really don’t
want any code running at runtime then what
needs to be.

So in a way for web development CTFE is
an optimization technique to get faster page
request completion. It’s preferable in larger
web services to take penalties at the start of
execution then during it. Combining this with
CTFE can be a very powerful ally to a web
developer.
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Web servics - Routing
Routing is one of the most fundamental

parts to any web service framework. The Get
checker generator pattern is ideal for generate
efficient route checking code. In a breakdown
the components required for this system are:

• A mechanism to register a unit (either
a module/file or a class/struct or lastly
the actual function/method.

• Appropriate UDA’s along with the re-
quired helper generators functions for
manipulating them.

• What will it be generated into? This
is the runtime based library that will
handle the usage of the compile time
generation.

• Parser that handles the given input from
the registrationmechanism. Should only
accept e.g. a function or for a class/struct
class along with the method name.

• Generator, which generates based upon
the parsers instructions for the runtime
library to work with.
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Web services - ORM
Unlike routing there is considerable amount

of unknown parts to the system. Database
providers can be swapped at runtime. This can
also be a hindrance to optimizing calls to the
database.

Usage of CTFE can be broken down into
two types. Serializing/deserializing data to and
from database safely, and enabling a custom
query syntax per data structure.

Unless you are going full Hibernate like
for UDA’s the issue of serialization is not a
worry. However if you want good support
you may need quite a few functions one for
each primitive type in the database provider.
Remember UDA’s are just instructions on how
to handle the serialization and deserialization.

Query generation is the hard part here.
These are data structures that contains queries
to the data base. They should be customized
fully to the data model and data backend.
The data model part should be generated at
compile time and database provider should be
handled by the database provider.
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Web services -
Templating

Vibe.d has an implementation for templat-
ing running at compile time called Diet. Diet
is based off of Jade a templating solution for
Node.js.

Compile time templating has the benefit of
optimizing a template to straight native code.
Providing faster response time and memory.
It does have the down side of not enabling
runtime reloading if it supports the languages
code like Diet does.

This use case can take advantage of the
import checker generator pattern. Of course at
the end of the generation it would need to pro-
duce some sort of function/delegate that can
be executed at runtime given some arguments
requested by the template.

When pairedwith shared libraries for reload-
ing and some means to detect and recompile
(with required imports) this can be an effec-
tive development and production mechanism.
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JNI - Wrapping Java Types
Java Native Interface is a C API to interact

with the JVM. To effectively use Java classes
in a language the ability to wrap the objects
in native types and enabling calling/creating
them is preferable. This includes both strings,
primitive types and actual objects.

Compilation timewill increase significantly
if definitions for the generated code is not
used instead of the actual source files. Expan-
sion of the definitions provided is a major re-
quirement for large interfaces. If for example
implementation of full bindings to the Java
API was to be made. Further the generated
interfaces should be paired with e.g. a static
library with the actual implementation. This
should be handled by the build manager.

In such a library there is a clear structure
that the code must be made to meet.

• Definition

Raw bindings to JNI.
• Linkage
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Will contain niceties so raw JNI usage
should not be needed in user code. It
should be wrapped up into types includ-
ing for calling of methods. There will
also be the ability to transform a defi-
nition and mock it in some form with
the actual JNI calling code. This could
be generated in place of the definition
or as a seperate object.

• Interfaces

This is the bindings for e.g. the Java API.
Will utilise the Linkage code.

• User code

Uses Interfaces and almost never should
have to interact with the raw JNI or
linkage sections. There will most likely
some sort of object that governs the in-
teractions to JNI that can be configured.
Within the linkage package.Which should
be used.

The implementationwill most likely utilise
the mix gen checked design pattern for sim-
plicity of the definitions.



Tutorials
Currently there are two tutorials on how

to work with CTFE. The first is a simple ex-
ample which just mutates some text and runs
it. The second is a far more complicated and
partially incomplete ORM implementation.

The code for both is provided at the back
of the book and accompanying zip file.
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ORM
In understanding anything, writing code

is the best way. Of course the next best thing
to actually doing it yourself, is following al-
long with a tutorial. The tutorial that you are
reading is going to implement reflection capa-
bilities for an ORM. It is the key component to
transfering the data models around by.

Steps to do this:

1. Define the subset of the language that
will be supported. Classes and structs.
UsingUDA’s to altermapping and prim-
itive types for data. As well as array
support for e.g. strings.

2. Create example data model (to model
what is intended)

3. Implement UDA’s to match the given
code

4. Createwrappers around a registered data
model For this you will need to imple-
ment helper functions as well as traits.
For each of the UDA’s. This provides a
reflection interface to use.
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The tutorial code is based upon DNet-
Dev’s⁶ future web service framework. For fu-
ture reference, when this code was written
hasUDA and getUDA where not in Phobos. The
ORM that this is for supports D (static)methods
on a data model for quering the database.
These queries utilise the underlying architec-
ture that the ORM supports for queries. But
these are specific instances for the datamodel.
But they must still obey the restrictions of the
ORM e.g. types for arguments.

⁶http://github.com/DNetDev
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Lets now step through the list of things
that we need to do. Define the types that will
be supported for fields and methods.

• ubyte
• byte
• ushort
• short
• uint
• int
• ulong
• long
• float
• double
• string
• wstring
• dstring
• data model
• ubyte[]
• byte[]
• ushort[]
• short[]
• uint[]
• int[]
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• ulong[]
• long[]
• float[]
• double[]
• string[]
• wstring[]
• dstring[]
• data model[]

A very long list of types that are allowed.
With recursion and std.traits this isn’t re-
ally all that much work. The example im-
plementation that does the real work in de-
termining if a type is viable is doIsAData-

Model function in webdev.base.traits.are.
You can see how it is applied in the func-
tion isADataModel. In essence it checks every
property and validates the types associated
with it. For application in ORM query meth-
ods (both static and non), check out isAData-
ModelQueryMethod / isADataModelQueryStat-
icMethodwhich performs the validation of the
types.

Where data model is a valid data model
type.
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The next and last stage to making this
reflection algorithm is also the most complex.
As part of this API there are:

• Type reflection instance
– Constructing of an instance
– Querying fields/query methods
– Get table name

• Type instance reflection instance
– Modification of fields
– Execute ORM query

• Storing type reflection instances for lookup

Of note is that the implementation given is
highly overload unfriendly. It should test and
error out if overloads exist or work with them.
It will also allocate constantly. It is highly
recommend that it goes through an allocator
that reserves lazily and calls destructors and
finalizes the memory after every request. So it
can be reallocated for the next one.
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Glossary
• API, Application Program Interface
• AST, Abstract Syntax Tree
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Example code
The below code is here for reference pur-

poses. However it is highly recommend to
look at the extra zip file provided with this
ebook instead of relying on this.
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Tutorial code

Simple example

simpleExample.d

1  string doIt(string value) pure @safe\

2 {

3 import std.array : replace;

4 return value.replace("Hello", "He\

5 y");

6 }

7

8 mixin(doIt(`

9 void main() {

10 import std.stdio : writeln;

11 writeln("Hello World!");

12 }

13 `));
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Example model

model.d

1 module webdev.base.models.pagetemplat\

2 e;

3 import webdev.base.orm;

4 import webdev.base.udas;

5

6 @ormTableName("PageTemplate")

7 struct PageTemplateModel {

8 @ormId {

9 /**

10 * The name of the page templ\

11 ate.

12 */

13 @ormPropertyHint(OrmPropertyT\

14 ypes.String, 0)

15 @ormDescription("The name of \

16 the template. Should include location\

17 information such as file path.")

18 string name;

19

20 /**

21 * UTC+0 time of when this wa\

22 s last edited.
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23 */

24 @ormPropertyHint(OrmPropertyT\

25 ypes.DateTime, 8) // we could hint at\

26 this being able to store at the more\

27 common definition or 4 bytes

28 @ormDescription("When was thi\

29 s last changed. Do not change.")

30 long lastEdited;

31 }

32

33 @ormOptional

34 @ormPropertyHint(OrmPropertyTypes\

35 .Blob, 0)

36 @ormDescription("Optionally the t\

37 emplate itself")

38 string value;

39

40 //TODO: mixin OrmModel!PageTempla\

41 teModel;

42

43 bool isValid() {

44 return lastEdited > 0 && name\

45 !is null; // custom validation

46 }

47
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48 @ormQuery {

49 void setValue(string value) {

50 this.value = value;

51 updateLastEdited;

52 }

53

54 void updateLastEdited() {

55 import webdev.base.util.t\

56 ime : utc0Time;

57 lastEdited = utc0Time();

58 }

59

60 static {

61 PageTemplateModel[] allLa\

62 testVersions() {

63 PageTemplateModel[] r\

64 et;

65 // TODO: some query h\

66 ere!

67 return ret;

68 }

69 }

70 }

71 }
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User defined attributes

udas.d

1 module webdev.base.udas;

2

3 struct ormTableName {

4 string name;

5 }

6

7 struct ormPropertyName {

8 string name;

9 }

10

11 struct ormIgnore {}

12 struct ormOptional {}

13 struct ormId {}

14 struct ormOverrideUseArrays {}

15

16 struct ormDescription {

17 string text;

18 }

19

20 enum OrmPropertyTypes {

21 Integer,

22 Float,
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23 Number,

24 String,

25 Blob,

26 DateTime

27 }

28

29 struct ormPropertyHint {

30 /**

31 * What type is the property

32 */

33 OrmPropertyTypes type;

34

35 /**

36 * The number of bytes that shoul\

37 d be stored

38 * Use 0 for unknown

39 */

40 size_t size;

41 }

42

43 struct ormQuery {}
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Reflection wrapper

reflection.d

1 module webdev.base.reflection.model;

2 import webdev.base.traits.are : isADa\

3 taModel, isADataModelProperty, isData\

4 ModelMemberId, isADataModelQueryMetho\

5 d, isADataModelQueryStaticMethod;

6 import webdev.base.traits.have : getD\

7 ataModelName, getDataModelDescription\

8 , getDataModelPropertyDescription, ge\

9 tDataModelPropertyHints, getDataModel\

10 PropertyName;

11 import webdev.base.udas : OrmProperty\

12 Types;

13

14 private __gshared {

15 import std.variant : Algebraic;

16 import std.traits : fullyQualifie\

17 dName, isArray, ReturnType, Parameter\

18 TypeTuple;

19

20 AReflectedModel*[string] models;

21 AReflectedModel*[string] modelsBy\

22 TableName;
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23 }

24

25 /*

26 * Basic interactions of the differen\

27 t kinds of models

28 */

29

30 /**

31 * Gets all names of data models regi\

32 stered

33 * Uses the fully qualified name (pac\

34 kage + module + class/struct name)

35 *

36 * Returns:

37 * The names to all data mode\

38 ls

39 */

40 string[] reflectedModelNames() {

41 return models.keys;

42 }

43

44 /**

45 * Lazily registers and gets a reflec\

46 ted model given the data model type

47 *
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48 * Returns:

49 * The reflected model

50 */

51 AReflectedModel* getReflectModel(T)()\

52 if(isADataModel!T) {

53 return getReflectedModel(fullyQua\

54 lifiedName!T);

55 }

56

57

58 /**

59 * Gets a reflected model based upon \

60 its fully qualified name

61 *

62 * Params:

63 * name = Name of the m\

64 odel

65 *

66 * Returns:

67 * The reflected model

68 */

69 AReflectedModel* getReflectedModel(st\

70 ring name) {

71 if (name !in models) return null;

72 return models[name].dup();
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73 }

74

75 /**

76 * Gets a reflected model based upon \

77 its table name

78 *

79 * Params:

80 * name = Name of the m\

81 odel

82 *

83 * Returns:

84 * The reflected model

85 */

86 AReflectedModel* getReflectedModelByT\

87 ableName(string name) {

88 if (name !in modelsByTableName) r\

89 eturn null;

90 return modelsByTableName[name].du\

91 p();

92 }

93

94 /*

95 * General reflection based types

96 */

97
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98 ///

99 enum OrmActualPropertyTypes {

100 Unknown,

101

102 UByte,

103 Byte,

104 UShort,

105 Short,

106 UInt,

107 Int,

108 ULong,

109 Long,

110 Float,

111 Double,

112 String,

113 WString,

114 DString,

115

116 Array,

117 DataModel

118 }

119

120 ///

121 alias ModelValidTypes = Algebraic!(AR\

122 eflectedModelInstance*, ubyte, byte, \
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123 ushort, short, uint, int, ulong, long\

124 , float, double, string, wstring, dst\

125 ring);

126

127 ///

128 struct PropertyHint {

129 ///

130 string name;

131

132 ///

133 OrmActualPropertyTypes actualType;

134

135 ///

136 OrmActualPropertyTypes arrayActua\

137 lType;

138

139 ///

140 AReflectedModel* objectActualType;

141

142 ///

143 OrmPropertyTypes hintType;

144

145 ///

146 size_t size;

147
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148 ///

149 string description;

150

151 ///

152 bool isId;

153 }

154

155 ///

156 struct QueryDescriptor {

157 ///

158 QueryTypeDescriptor[] arguments;

159

160 ///

161 QueryTypeDescriptor returnType;

162

163 struct QueryTypeDescriptor {

164 ///

165 OrmActualPropertyTypes actual\

166 Type;

167

168 ///

169 OrmActualPropertyTypes arrayA\

170 ctualType;

171

172 ///
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173 AReflectedModel* objectActual\

174 Type;

175 }

176 }

177

178 /*

179 * The actual reflection mechanism

180 */

181

182 struct AReflectedModel {

183 static AReflectedModel* reflect(T\

184 )() if(isADataModel!T) {

185 AReflectedModel* ret = new AR\

186 eflectedModel;

187

188 ret.dup = () { return AReflec\

189 tedModel.reflect!T(); };

190

191 /// constructs function deleg\

192 ates for a model instance aware of th\

193 e type

194 void funcCalls(AReflectedMode\

195 lInstance* retm) {

196 static if (__traits(hasMe\

197 mber, T, "isValid")) {
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198 retm.isValid = () { r\

199 eturn (cast(T*)retm.instance_).isVali\

200 d(); };

201 } else {

202 retm.isValid = () { r\

203 eturn true; };

204 }

205

206 retm.get = (string name) {

207 foreach(member; __tra\

208 its(allMembers, T)) {

209 static if (isADat\

210 aModelProperty!(T, member)) {

211 if (member ==\

212 name) {

213 return ne\

214 w ModelValidTypes(mixin("(cast(T*)ret\

215 m.instance_)." ~ member));

216 }

217 }

218 }

219

220 return null;

221 };

222
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223 retm.set = (string name, \

224 ModelValidTypes* value) {

225 foreach(member; __tra\

226 its(allMembers, T)) {

227 mixin("alias MTYP\

228 E = typeof(T." ~ member ~ ");");

229

230 static if (isADat\

231 aModelProperty!(T, member)) {

232 if (member ==\

233 name) {

234 static if\

235 (__traits(compiles, {MTYPE t = null;\

236 })) {

237 if (v\

238 alue is null) {

239 m\

240 ixin("(cast(T*)retm.instance_)." ~ me\

241 mber ~ " = null;");

242 } els\

243 e if (value.convertsTo!MTYPE) {

244 m\

245 ixin("(cast(T*)retm.instance_)." ~ me\

246 mber ~ " = value.get!MTYPE;");

247 } els\
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248 e {

249 r\

250 eflectedAssert(0, value.type.toString\

251 ~ " is not convertable to " ~ MTYPE.\

252 stringof);

253 }

254 } else {

255 if (v\

256 alue !is null && value.convertsTo!MTY\

257 PE) {

258 m\

259 ixin("(cast(T*)retm.instance_)." ~ me\

260 mber ~ " = value.get!MTYPE;");

261 } els\

262 e {

263 r\

264 eflectedAssert(0, value.type.toString\

265 ~ " is not convertable to " ~ MTYPE.\

266 stringof);

267 }

268 }

269 }

270 }

271 }

272 };
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273

274 retm.query = (string name\

275 , ModelValidTypes[] values...) {

276 foreach(member; __tra\

277 its(allMembers, T)) {

278 mixin("alias MTYP\

279 E = typeof(T." ~ member ~ ");");

280

281 static if (isADat\

282 aModelQueryMethod!(T, member)) {

283 alias MRET = \

284 ReturnType!MTYPE;

285

286 if (member ==\

287 name) {

288 alias ARG\

289 U = ParameterTypeTuple!MTYPE;

290

291 if (value\

292 s.length != ARGU.length)

293 refle\

294 ctedAssert(0, "Not enough arguments")\

295 ;

296

297 foreach(i\
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298 , ARG; ARGU) {

299 if (!\

300 values[i].convertsTo!ARG)

301 r\

302 eflectedAssert(0, "Wrong types for ar\

303 guments");

304 }

305

306 static if\

307 (is(MRET == void)) {

308 // re\

309 turn call

310 mixin\

311 ("(cast(T*)retm.instance)." ~ member \

312 ~ "(" ~ getCallToMethodSyntaxVarient!\

313 ("values", "ARGU", ARGU) ~ ");");

314 retur\

315 n cast(ModelValidTypes[])null;

316 } else {

317 // ca\

318 ll

319 mixin\

320 ("auto ret = (cast(T*)retm.instance_)\

321 ." ~ member ~ "(" ~ getCallToMethodSy\

322 ntaxVarient!("values", "ARGU", ARGU) \
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323 ~ ");");

324

325 stati\

326 c if (isArray!MRET) {

327 M\

328 odelValidTypes[] ret2;

329

330 f\

331 oreach(v; ret) {

332 \

333 ret2 ~= ModelValidTypes(v);

334 }

335

336 r\

337 eturn ret2;

338 } els\

339 e {

340 r\

341 eturn cast(ModelValidTypes[])[ModelVa\

342 lidTypes(v)];

343 }

344 }

345 }

346 }

347 }
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348

349 reflectedAssert(0);

350 };

351 }

352

353 ret.create = () {

354 AReflectedModelInstance* \

355 retm = new AReflectedModelInstance;

356 retm.model_ = ret;

357

358 static if (is(T == class))

359 retm.instance_ = &(ne\

360 w T);

361 else static if (is(T == s\

362 truct))

363 retm.instance_ = new \

364 T;

365 else static assert(0);

366

367 funcCalls(retm);

368 return retm;

369 };

370

371 ret.fromInstance = (void* val\

372 ue) {
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373 /// in

374

375 reflectedAssert(value !is\

376 null);

377

378 if (T* ttv = cast(T*)valu\

379 e){}

380 else reflectedAssert(0, "\

381 Argument is not of type " ~ T.stringo\

382 f);

383

384 /// body

385

386 AReflectedModelInstance* \

387 retm = new AReflectedModelInstance;

388 retm.model_ = ret;

389

390 retm.instance_ = value;

391

392 funcCalls(retm);

393 return retm;

394 };

395

396 ret.tableName = () { return g\

397 etDataModelName!T; };
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398 ret.fullName = () { return fu\

399 llyQualifiedName!T; };

400 ret.description = () { return\

401 getDataModelDescription!T; };

402

403 ret.propertyNames = () {

404 string[] retm;

405

406 foreach(member; __traits(\

407 allMembers, T)) {

408 static if (isADataMod\

409 elProperty!(T, member)) {

410 retm ~= member;

411 }

412 }

413

414 return retm;

415 };

416

417 ret.propertyHints = (string n\

418 ame) {

419 PropertyHint retm;

420

421 foreach(member; __traits(\

422 allMembers, T)) {
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423 static if (isADataMod\

424 elProperty!(T, member)) {

425 if (member == nam\

426 e) {

427 mixin("alias \

428 MTYPE = typeof(T." ~ member ~ ");");

429

430 retm.name = g\

431 etDataModelPropertyName!(T, member);

432

433 // actualType

434 enum MTYPEA =\

435 actualTypeFromType!MTYPE;

436 retm.actualTy\

437 pe = MTYPEA;

438

439 // arrayActua\

440 lType

441 static if (MT\

442 YPEA == OrmActualPropertyTypes.Array)

443 retm.arra\

444 yActualType = actualTypeFromType!(typ\

445 eof(MTYPE.init)[0]);

446

447 // objectActu\
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448 alType

449 static if (MT\

450 YPEA == OrmActualPropertyTypes.DataMo\

451 del)

452 retm.obje\

453 ctActualType = getReflectModel!MTYPE;

454

455 auto hint = g\

456 etDataModelPropertyHints!(T, member);

457

458 // hintType

459 retm.hintType\

460 = hint.type;

461

462 // size

463 if (hint.size\

464 == 0) {

465 static if\

466 (isArray!MTYPE) {

467 } else

468 hint.\

469 size = MTYPE.sizeof;

470 } else

471 retm.size\

472 = hint.size;
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473

474 // description

475 retm.descript\

476 ion = getDataModelPropertyDescription\

477 !(T, member);

478

479 // isId

480 retm.isId = i\

481 sDataModelMemberId!(T, member);

482 }

483 }

484 }

485

486 return retm;

487 };

488

489 ret.query = (string name, Mod\

490 elValidTypes[] values...) {

491 foreach(member; __traits(\

492 allMembers, T)) {

493 mixin("alias MTYPE = \

494 typeof(T." ~ member ~ ");");

495

496 static if (isADataMod\

497 elQueryStaticMethod!(T, member)) {
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498 alias MRET = Retu\

499 rnType!MTYPE;

500

501 if (member == nam\

502 e) {

503 alias ARGU = \

504 ParameterTypeTuple!MTYPE;

505

506 if (values.le\

507 ngth != ARGU.length)

508 reflected\

509 Assert(0, "Not enough arguments");

510

511 foreach(i, AR\

512 G; ARGU) {

513 if (!valu\

514 es[i].convertsTo!ARG)

515 refle\

516 ctedAssert(0, "Wrong types for argume\

517 nts");

518 }

519

520 static if (is\

521 (MRET == void)) {

522 // return\
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523 call

524 mixin("T.\

525 " ~ member ~ "(" ~ getCallToMethodSyn\

526 taxVarient!("values", "ARGU", ARGU) ~\

527 ");");

528 return ca\

529 st(ModelValidTypes[])null;

530 } else {

531 // call

532 mixin("au\

533 to ret = T." ~ member ~ "(" ~ getCall\

534 ToMethodSyntaxVarient!("values", "ARG\

535 U", ARGU) ~ ");");

536

537 ModelVali\

538 dTypes[] ret2;

539

540 static if\

541 (isArray!MRET) {

542 forea\

543 ch(v; ret) {

544 s\

545 tatic if (is(typeof(v) == class) || i\

546 s(typeof(v) == struct)) {

547 \
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548 ret2 ~= ModelValidTypes(getReflect\

549 Model!(typeof(v))().fromInstance(&v))\

550 ;

551 }\

552 else {

553 \

554 ret2 ~= ModelValidTypes(v);

555 }

556 }

557 } else {

558 stati\

559 c if (is(MRET == class) || is(MRET ==\

560 struct)) {

561 r\

562 et2 ~= ModelValidTypes(getReflectMode\

563 l!(MRET)().fromInstance(&ret));

564 } els\

565 e {

566 r\

567 et2 ~= ModelValidTypes(ret);

568 }

569 }

570

571 return re\

572 t2;
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573 }

574 }

575 }

576 }

577

578 reflectedAssert(0);

579 };

580

581 // queryNames

582 ret.queryNames = () {

583 string[] ret;

584

585 foreach(member; __traits(\

586 allMembers, T)) {

587 mixin("alias MTYPE = \

588 typeof(T." ~ member ~ ");");

589

590 static if (isADataMod\

591 elQueryStaticMethod!(T, member)) {

592 ret ~= member;

593 }

594 }

595

596 return ret;

597 };
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598

599 // queryParameters

600 ret.queryParameters = (string\

601 name) {

602 QueryDescriptor ret;

603

604 foreach(member; __traits(\

605 allMembers, T)) {

606 static if (isADataMod\

607 elQueryStaticMethod!(T, member)) {

608 if (member == nam\

609 e) {

610

611 // arguments

612 foreach(ARG; \

613 ParameterTypeTuple!(mixin("T." ~ name\

614 ))) {

615 QueryDesc\

616 riptor.QueryTypeDescriptor rett;

617

618 // actual\

619 Type

620 enum MTYP\

621 EA = actualTypeFromType!ARG;

622 rett.actu\
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623 alType = MTYPEA;

624

625 // arrayA\

626 ctualType

627 static if\

628 (MTYPEA == OrmActualPropertyTypes.Ar\

629 ray)

630 rett.\

631 arrayActualType = actualTypeFromType!\

632 (typeof(ARG.init)[0]);

633

634 // object\

635 ActualType

636 static if\

637 (MTYPEA == OrmActualPropertyTypes.Da\

638 taModel)

639 rett.\

640 objectActualType = getReflectModel!AR\

641 G;

642

643 ret.argum\

644 ents ~= rett;

645 }

646

647 // return type
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648

649 alias RETM = \

650 ReturnType!(mixin("T." ~ m));

651

652 // actualType

653 enum MTYPEA =\

654 actualTypeFromType!RETM;

655 ret.returnTyp\

656 e.actualType = MTYPEA;

657

658 // arrayActua\

659 lType

660 static if (MT\

661 YPEA == OrmActualPropertyTypes.Array)

662 ret.retur\

663 nType.arrayActualType = actualTypeFro\

664 mType!(typeof(ARG.init)[0]);

665

666 // objectActu\

667 alType

668 static if (MT\

669 YPEA == OrmActualPropertyTypes.DataMo\

670 del)

671 ret.retur\

672 nType.objectActualType = getReflectMo\
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673 del!ARG;

674 }

675 }

676 }

677

678 return ret;

679 };

680

681 // queryInstanceNames

682 ret.queryInstanceNames = () {

683 string[] ret;

684

685 foreach(member; __traits(\

686 allMembers, T)) {

687 mixin("alias MTYPE = \

688 typeof(T." ~ member ~ ");");

689

690 static if (isADataMod\

691 elQueryMethod!(T, member)) {

692 ret ~= member;

693 }

694 }

695

696 return ret;

697 };
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698

699 // queryInstanceParameters

700 ret.queryInstanceParameters =\

701 (string name) {

702 QueryDescriptor ret;

703

704 foreach(member; __traits(\

705 allMembers, T)) {

706 static if (isADataMod\

707 elQueryMethod!(T, member)) {

708 if (member == nam\

709 e) {

710

711 // arguments

712 foreach(ARG; \

713 ParameterTypeTuple!(mixin("T." ~ name\

714 ))) {

715 QueryDesc\

716 riptor.QueryTypeDescriptor rett;

717

718 // actual\

719 Type

720 enum MTYP\

721 EA = actualTypeFromType!ARG;

722 rett.actu\
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723 alType = MTYPEA;

724

725 // arrayA\

726 ctualType

727 static if\

728 (MTYPEA == OrmActualPropertyTypes.Ar\

729 ray)

730 rett.\

731 arrayActualType = actualTypeFromType!\

732 (typeof(ARG.init)[0]);

733

734 // object\

735 ActualType

736 static if\

737 (MTYPEA == OrmActualPropertyTypes.Da\

738 taModel)

739 rett.\

740 objectActualType = getReflectModel!AR\

741 G;

742

743 ret.argum\

744 ents ~= rett;

745 }

746

747 // return type
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748

749 alias RETM = \

750 ReturnType!(mixin("T." ~ m));

751

752 // actualType

753 enum MTYPEA =\

754 actualTypeFromType!RETM;

755 ret.returnTyp\

756 e.actualType = MTYPEA;

757

758 // arrayActua\

759 lType

760 static if (MT\

761 YPEA == OrmActualPropertyTypes.Array)

762 ret.retur\

763 nType.arrayActualType = actualTypeFro\

764 mType!(typeof(ARG.init)[0]);

765

766 // objectActu\

767 alType

768 static if (MT\

769 YPEA == OrmActualPropertyTypes.DataMo\

770 del)

771 ret.retur\

772 nType.objectActualType = getReflectMo\
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773 del!ARG;

774 }

775 }

776 }

777

778 return ret;

779 };

780

781 models[fullyQualifiedName!T] \

782 = ret;

783 models[ret.tableName()] = ret;

784 return ret;

785 }

786

787 AReflectedModel* delegate() dup;

788 AReflectedModelInstance* delegate\

789 () create;

790 AReflectedModelInstance* delegate\

791 (void*) fromInstance;

792

793 string delegate() tableName;

794 string delegate() fullName;

795 string delegate() description;

796

797 const(string[]) delegate() proper\
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798 tyNames;

799 PropertyHint delegate(string name\

800 ) propertyHints;

801

802 ModelValidTypes[] delegate(string\

803 func, ModelValidTypes[] values...) q\

804 uery;

805 const(string[]) delegate() queryN\

806 ames;

807 QueryDescriptor delegate(string n\

808 ame) queryParameters;

809

810 const(string[]) delegate() queryI\

811 nstanceNames;

812 QueryDescriptor delegate(string n\

813 ame) queryInstanceParameters;

814 }

815

816 struct AReflectedModelInstance {

817 private {

818 AReflectedModel* model_;

819

820 void* instance_;

821 }

822
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823 AReflectedModel* model() { return\

824 model; }

825 void* instance() { return instanc\

826 e; }

827

828 /*

829 *

830 * Shouldn't everything below thi\

831 s, stored in the model instead of the\

832 state?

833 *

834 */

835

836 bool delegate() isValid;

837

838 /*

839 * Get/Set for all approved prope\

840 rties given a name and the value for \

841 a model instance

842 */

843 ModelValidTypes* delegate(string \

844 name) get;

845 void delegate(string name, ModelV\

846 alidTypes* value) set;

847
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848 ModelValidTypes[] delegate(string\

849 func, ModelValidTypes[] values...) q\

850 uery;

851 }

852

853 alias NotReflectedModel = Exception;

854

855 private {

856 void reflectedAssert(lazy bool va\

857 lue, string msg="", string file = __F\

858 ILE__, size_t line = __LINE__) {

859 if (!value)

860 throw new NotReflectedMod\

861 el(msg, file, line);

862 }

863

864 OrmActualPropertyTypes actualType\

865 FromType(T)() {

866 static if (is(T == ubyte))

867 return OrmActualPropertyT\

868 ypes.UByte;

869 else static if (is(T == byte))

870 return OrmActualPropertyT\

871 ypes.Byte;

872 else static if (is(T == ushor\
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873 t))

874 return OrmActualPropertyT\

875 ypes.UShort;

876 else static if (is(T == short\

877 ))

878 return OrmActualPropertyT\

879 ypes.Short;

880 else static if (is(T == uint))

881 return OrmActualPropertyT\

882 ypes.UInt;

883 else static if (is(T == int))

884 return OrmActualPropertyT\

885 ypes.Int;

886 else static if (is(T == ulong\

887 ))

888 return OrmActualPropertyT\

889 ypes.ULong;

890 else static if (is(T == long))

891 return OrmActualPropertyT\

892 ypes.Long;

893 else static if (is(T == float\

894 ))

895 return OrmActualPropertyT\

896 ypes.Float;

897 else static if (is(T == doubl\
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898 e))

899 return OrmActualPropertyT\

900 ypes.Double;

901 else static if (is(T == strin\

902 g))

903 return OrmActualPropertyT\

904 ypes.String;

905 else static if (is(T == wstri\

906 ng))

907 return OrmActualPropertyT\

908 ypes.WString;

909 else static if (is(T == dstri\

910 ng))

911 return OrmActualPropertyT\

912 ypes.DString;

913 else static if (is(T == class\

914 ) || is(T == struct))

915 return OrmActualPropertyT\

916 ypes.DataModel;

917 else static if (isArray!T)

918 return OrmActualPropertyT\

919 ypes.Array;

920 else

921 return OrmActualPropertyT\

922 ypes.Unknown;
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923 }

924

925 string getCallToMethodSyntaxVarie\

926 nt(string valuesName, string argName,\

927 ARGS...)() pure {

928 import std.conv : text;

929 string ret;

930

931 foreach(i, ARG; ARGS) {

932 string TI = text(i);

933 ret ~= valuesName ~ "[" ~\

934 TI ~ "].get!(" ~ argName ~ "[" ~ TI \

935 ~ "]), ";

936 }

937

938 if (ARGS.length > 0)

939 ret.length -= 2;

940

941 return ret;

942 }

943 }
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Compatibility UDA code

defs.d

1  module webdev.base.traits.defs;

2

3 template hasUDA(UDATYPE) {

4 bool hasUDA(T)() pure {

5 static if (__traits(compiles,\

6 __traits(getAttributes, T))) {

7

8 foreach(uda; __traits(get\

9 Attributes, T)) {

10 static if (is(typeof(\

11 uda) == UDATYPE)) {

12

13 return true;

14 }

15 }

16

17 }

18

19 return false;

20 }

21

22 bool hasUDA(T, string member)() p\
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23 ure {

24 static if (__traits(compiles,\

25 __traits(getAttributes, mixin("T." ~\

26 member)))) {

27

28 foreach(uda; __traits(get\

29 Attributes, mixin("T." ~ member))) {

30

31 static if (__traits(c\

32 ompiles, {alias U = typeof(uda);})) {

33 static if (is(typ\

34 eof(uda) == UDATYPE)) {

35 return true;

36 }

37 } else {

38 static if (is(uda\

39 == UDATYPE)) {

40 return true;

41 }

42 }

43

44 }

45

46 }

47
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48 return false;

49 }

50 }

51

52 template getUDA(UDATYPE) {

53 UDATYPE getUDA(T)() pure {

54

55 foreach(uda; __traits(getAttr\

56 ibutes, T)) {

57 static if (is(typeof(uda)\

58 == UDATYPE)) {

59 return uda;

60 }

61 }

62

63 return UDATYPE.init;

64 }

65

66 UDATYPE getUDA(T, string member)(\

67 ) pure {

68

69 foreach(uda; __traits(getAttr\

70 ibutes, mixin("T." ~ member))) {

71 static if (__traits(compi\

72 les, {alias U = typeof(uda);})) {
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73 static if (is(typeof(\

74 uda) == UDATYPE)) {

75 return uda;

76 }

77 } else {

78 static if (is(uda == \

79 UDATYPE)) {

80 return uda;

81 }

82 }

83 }

84

85 return UDATYPE.init;

86 }

87 }
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Does symbol have UDA?

are.d

1  module webdev.base.traits.are;

2 import webdev.base.traits.defs;

3 import webdev.base.udas;

4

5 ///

6 bool isADataModel(T, bool inADataMode\

7 l = false)() pure {

8 static if (isADataModelBase!T) {

9 bool ret = true;

10 bool gotProperties;

11 bool hasIds;

12

13 foreach(member; __traits(allM\

14 embers, T)) {

15 doIsADataModel!(T, mixin(\

16 "typeof(T." ~ member ~ ")"), member, \

17 inADataModel)(ret, gotProperties, has\

18 Ids);

19 }

20

21 return ret && gotProperties &\

22 & hasIds;
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23 } else {

24 return false;

25 }

26 }

27

28 ///

29 bool isADataModelProperty(T, string n\

30 ame)() pure {

31 static if (__traits(hasMember, T,\

32 name)) {

33 bool ret = true;

34 bool gotProperties;

35 bool hasIds;

36

37 doIsADataModel!(T, mixin("typ\

38 eof(T." ~ name ~ ")"), name, false)(r\

39 et, gotProperties, hasIds);

40

41 return ret && gotProperties;

42 } else {

43 return false;

44 }

45 }

46

47 ///
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48 bool isADataModelQueryMethod(T, strin\

49 g name)() pure {

50 static if (__traits(hasMember, T,\

51 name)) {

52 static if(!__traits(isStaticF\

53 unction, mixin("T." ~ name)) && isDat\

54 aModelMethodQueryUDA!(T, name)) {

55 bool ret = true;

56

57 // check argument types

58 foreach(ARG; ParameterTyp\

59 eTuple!(mixin("T." ~ name))) {

60 // ensure return type\

61 is not a pointer!

62 static if (isBasicTyp\

63 e!ARG || isSomeString!ARG || isADataM\

64 odel!ARG) {

65 } else static if (isA\

66 rray!ARG) {

67 alias AT = typeof\

68 (ARG.init[0]);

69

70 static if (isBasi\

71 cType!AT || isSomeString!AT || isADat\

72 aModel!AT) {
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73 } else {

74 ret = false;

75 }

76 } else {

77 ret = false;

78 }

79 }

80

81 // check return type

82 alias MRET = ReturnType!(\

83 mixin("T." ~ m));

84

85 // ensure return type is \

86 not a pointer!

87 static if (isBasicType!MR\

88 ET || isSomeString!MRET || isADataMod\

89 el!MRET) {

90 } else static if (isArray\

91 !MRET) {

92 alias AT2 = typeof(MR\

93 ET.init[0]);

94

95 static if (isBasicTyp\

96 e!AT2 || isSomeString!AT2 || isADataM\

97 odel!AT2) {
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98 } else {

99 ret = false;

100 }

101 } else {

102 ret = false;

103 }

104

105 return ret;

106 } else {

107 return false;

108 }

109 } else {

110 return false;

111 }

112 }

113

114 ///

115 bool isADataModelQueryStaticMethod(T,\

116 string name)() pure {

117 static if (__traits(hasMember, T,\

118 name)) {

119 static if(__traits(isStaticFu\

120 nction, mixin("T." ~ name)) && isData\

121 ModelMethodQueryUDA!(T, name)) {

122 bool ret = true;
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123

124 // check argument types

125 foreach(ARG; ParameterTyp\

126 eTuple!(mixin("T." ~ name))) {

127 // ensure return type\

128 is not a pointer!

129 static if (isBasicTyp\

130 e!ARG || isSomeString!ARG || isADataM\

131 odel!ARG) {

132 } else static if (isA\

133 rray!ARG) {

134 alias AT = typeof\

135 (ARG.init[0]);

136

137 static if (isBasi\

138 cType!AT || isSomeString!AT || isADat\

139 aModel!AT) {

140 } else {

141 ret = false;

142 }

143 } else {

144 ret = false;

145 }

146 }

147
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148 // check return type

149 alias MRET = ReturnType!(\

150 mixin("T." ~ m));

151

152 // ensure return type is \

153 not a pointer!

154 static if (isBasicType!MR\

155 ET || isSomeString!MRET || isADataMod\

156 el!MRET) {

157 } else static if (isArray\

158 !MRET) {

159 alias AT2 = typeof(MR\

160 ET.init[0]);

161

162 static if (isBasicTyp\

163 e!AT2 || isSomeString!AT2 || isADataM\

164 odel!AT2) {

165 } else {

166 ret = false;

167 }

168 } else {

169 ret = false;

170 }

171

172 return ret;
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173 } else {

174 return false;

175 }

176 } else {

177 return false;

178 }

179 }

180

181 alias isADataModelBase = hasUDA!ormTa\

182 bleName;

183 alias isDataModelMemberIgnored = hasU\

184 DA!ormIgnore;

185 alias isDataModelMemberId = hasUDA!or\

186 mId;

187 alias isDataModelMemberUseArrays = ha\

188 sUDA!ormOverrideUseArrays;

189

190 private {

191 import std.traits : isBasicType, \

192 isSomeString, isArray, ReturnType, Pa\

193 rameterTypeTuple;

194

195 alias isDataModelMethodQueryUDA =\

196 hasUDA!ormQuery;

197
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198 /**

199 *

200 * Params:

201 * T =

202 * MTYPE =

203 * member =

204 * inADataModel =

205 * noArray = \

206 Bad practice to use arrays for data m\

207 odel properties! As databases don't s\

208 upport it. Default: true, currently n\

209 ot overridable.

210 *

211 * ret \

212 =

213 * gotProperties =\

214

215 * hasIds =

216 */

217 void doIsADataModel(T, MTYPE, str\

218 ing member, bool inADataModel, bool n\

219 oArray = true)(ref bool ret, ref bool\

220 gotProperties, ref bool hasIds) pure\

221 {

222 static if(isDataModelMemberIg\
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223 nored!(T, member)) {

224 // if it is ignored, it w\

225 on't be included in the definition pe\

226 riod

227 } else {

228 enum IsID = isDataModelMe\

229 mberId!(T, member);

230

231 static if (IsID) {

232 hasIds = true;

233 }

234

235 static if (is(MTYPE == cl\

236 ass) || is(MTYPE == struct)) {

237 static if (!IsID) {

238 gotProperties = t\

239 rue;

240

241 static if (!isADa\

242 taModel!(MTYPE, true))

243 ret = false;

244 } else {

245 ret = false;

246 pragma(msg, "Recu\

247 rsive data models as id's are not all\
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248 owed. Perhaps alias this is in order?\

249 At: " ~ T.stringof ~ " " ~ member);

250 }

251 } else static if (isSomeS\

252 tring!MTYPE || isBasicType!MTYPE) {

253 gotProperties = true;

254 } else static if (isArray\

255 !MTYPE) {

256 // ugg databases don'\

257 t support arrays, atleast normally

258 static if (isDataMode\

259 lMemberUseArrays!T || isDataModelMemb\

260 erUseArrays!(T, member)) {

261 // allow the back\

262 end to fake it or use the database's \

263 support

264 static if (!noArr\

265 ay) {

266 doIsADataMode\

267 l!(T, typeof((MTYPE.init)[0]), member\

268 , inADataModel, true)(ret, gotPropert\

269 ies, hasIds);

270 } else {

271 pragma(msg, "\

272 Array of array is not a valid propert\
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273 y type");

274 }

275 } else {

276 pragma(msg, "Tip!\

277 Databases generally don't support ar\

278 rays! So why does " ~ T.stringof ~ " \

279 use them?");

280 }

281 } else static if (is(MTYP\

282 E == delegate) || is(MTYPE == functio\

283 n)) {

284 // don't care about m\

285 ethods or function/delegate pointers

286 // they can't and wil\

287 l never be able to be serialized to t\

288 he database

289 } else {

290 pragma(msg, MTYPE.str\

291 ingof ~ " cannot be used as a data mo\

292 del property type!");

293 ret = false;

294 }

295 }

296 }

297 }
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UDA value

have.d

1  module webdev.base.traits.have;

2 import webdev.base.traits.defs;

3 import webdev.base.traits.are;

4 import webdev.base.udas;

5

6 private {

7 alias getDataModelUDA = getUDA!or\

8 mTableName;

9 alias getDataModelPropertyNameUDA\

10 = getUDA!ormPropertyName;

11 alias getDataModelDescriptionUDA \

12 = getUDA!ormDescription;

13 alias getDataModelPropertyHintsUD\

14 A = getUDA!ormPropertyHint;

15 }

16

17 ///

18 string getDataModelName(T)() pure if(\

19 isADataModel!T) {

20 return (getDataModelUDA!T).name;

21 }

22
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23 ///

24 string getDataModelPropertyName(T, st\

25 ring member)() pure if(isADataModel!T\

26 ) {

27 string ret = (getDataModelPropert\

28 yNameUDA!(T, member)).name;

29

30 if (ret is null)

31 return member;

32 else

33 return ret;

34 }

35

36 ///

37 string getDataModelDescription(T)() p\

38 ure if(isADataModel!T) {

39 return (getDataModelDescriptionUD\

40 A!T).text;

41 }

42

43 ///

44 string getDataModelPropertyDescriptio\

45 n(T, string member)() pure if(isAData\

46 Model!T) {

47 return (getDataModelDescriptionUD\
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48 A!(T, member)).text;

49 }

50

51 ///

52 ormPropertyHint getDataModelPropertyH\

53 ints(T, string member)() pure if(isAD\

54 ataModel!T) {

55 return getDataModelPropertyHintsU\

56 DA!(T, member);

57 }
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