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Introduction to building Quantlab DLLs in C++

The standard function library of Quantlab may be enriched by objects and functions written by the
user in a C++ environment. The objects and functions are written in a dll that communicates with
Quantlab through the Quantlab API.

When Quantlab is started, it loads all dll-files located in the qgl_libs directory. These dll-files may add
objects and functions into QlLang (the Quantlab language), which then can be used from within
Quantlab just like any of the original Quantlab objects and functions.

Any examples given in this document refer to Microsoft Visual C++ version 6.0 or later. If you are using
any other development platform, some changes may be needed.

The C++ Project

Start by creating a C++ project that produces a dll as output (In Microsoft Visual C++: File — New —
Project — Win32 Dynamic-Link Library). The project name is not important as long as the name of the
output dll is unique.

Add the “glab31.lib” file in the project to enable linking your code to the Quantlab types and functions.

Include the “gl.h” header file (located in the Quantlab\gl_api\include directory) in every source file,
and make sure the preprocessor has access to the directory where it is located (In Microsoft Visual
C++: Project — Settings — C/C++ — Category: Preprocessor — Additional include directories).

The file “gl.h” contains all header files used by Quantlab:
"qgl_object.h"

"gl_func.h"

"gl_base.h"

"gl_date.h"

"ql_error.h"



"ql_string.h"
"gl_calendar.h"
"ql_curve.h"
"gl_fit.h"
"gl_fit_result.n"
"gl_instrument.h"
"ql_model.h"
"gl_realtime.h"
"gql_rng.h"
"gl_support.h"
"gl_tag.h"

The compiled dll file has to be saved in the folder that you specify in the second path in Tools Options
in Quantlab (DLLs used by Quantlab).

Programming the C++ dll

Your dll should export the entry point gl_init, which Quantlab will call when loading. The only argument
to gl_init is a context, the Quantlab container for types and functions. Your code should therefore
contain something looking like:

__declspec(dllexport) void gl init(QL::symtab &ctxt)
{
//Code for adding types and functions here

}
It is to the symtab object that your types and functions are added. Any number of types and functions

can be added to QlLang from one gl_init function.

1.1 Adding a function to Quantlab

A function is added to Qlang by specifying the arguments it takes, the return value type and finally
adding the function to the context. The syntax of add_func is:

void add_ func (QL: :symtab s&ctxt,
function t *f,
const char *name,
const char *category,
const arg_spec &return_ type,
int n_args,
const arg spec *args,
const char *help url = 0,
const char *com name = 0);

The next to last parameter indicates where the help text is located. However, currently the function
browser in Quantlab does not support the user defined help_url pages. The last parameter is for over-
loaded functions: If you define two functions (taking different parameters) with the same name they
have to have different alias names in order to be exposed in Visual Basic.

The return value and each element of the argument vector should be an initialized object of type
arg_spec.



The following example shows how to define a function that increases a number by one or by a number
specified as second parameter. The example also shows how to use arg_spec and the pointer to a
function_t object.

#include "gl.h"

static double my increase function(const double x, const double y) {
return x + y; //A very simple function indeed!

}

__declspec(dllexport) void gl init(QL::symtab &ctxt)

{

QL::arg_ spec r;

QL::arg_spec al2];

//The return value is of type number
r = QL::arg spec ("number");

//The two argument are numbers called x and y.

//The optional argument y has a default value of 1.

a[0] = QL::arg spec("number", "x");

all] = QL::arg spec("number", "y", "1");

//The function my function is added to the category "My category" in

//Quantlab and is called "increase".

QL::add func(ctxt, reinterpret cast<QL::function t*>(my increase function),
"increase", "My category", r, 2, a);

Tip! The default value in the arg_spec initializing (the 3™ argument) is treated as a Quantlab expression,
except that it cannot contain any conditionality or iterations (like series). QLang function calls are
allowed, however.

Save the compiled dll file in the folder that you specify in the second path in Tools Options in Quantlab
(DLLs used by Quantlab), restart Quantlab and try your function.

1.1.1 Function return types

Depending on the return value type, your functions must have a special syntax. All types are listed in
Appendix 1.

e Functions having as return value type any type that is represented by a double should return
a double.

e Functions having as return value type any type that is represented by a string should return
void and have a reference to a Quantlab handle as first argument. The return string itself must
be created in the function, using the function create_string.

e Functions having as return value type any type that is represented by a Quantlab handle should
return void and have a reference to a Quantlab handle as first argument.

e Functions having as return value type any type that is represented by a Quantlab handle_t (e.g.
one of your own object types) should return void and have a reference to a Quantlab handle_t
as first argument.

1.1.2 The symtab argument

Some API functions need a Quantlab symtab as argument, in general because they need to add
instruments to the context. To receive a symtab object to your function, you must make the argument
vector one element longer and initialize the last element using the ctxt_arg function. You must also
increase the number of arguments (n_arg) parameter by one when calling add_func to add your
function to QlLang. From within Quantlab your function will look identical, but in your code your



function now takes a context as the last argument. See Appendix 3 for a complete example where the
context is used.



1.2 Adding an object type or a type name to Quantlab

1.2.1 Adding an object type

An object type is added to QlLang simply by adding the object type name to the Quantlab context. The
syntax of add_object_type is:

void add object type(context &ctxt, //The context (argument to
gl init)

const char *object type, //Object type name

const char *superclass = 0, //Reserved

const char *help url = 0); //Url to help file

To use your new object type, you should use the Quantlab typed reference handler called handle _t,
see further down.

1.2.2 Adding member functions to an object type

Adding a member function to the object type you have created is very similar to adding a normal
function to QlLang. The syntax of add_mem_func is:

void add mem func (context s&ctxt,
function t *f,
const char *object type,
const char *name,
const arg_spec &return type,
int n_args,
const arg spec *args,
const char *help url = 0,
const char *com name = 0);

The function pointed at should take the object itself as the first argument, or second if the function
returns a handle.

In Appendix 3 there is an example showing how to add the object type “pair” to QLang with a creation
function and member functions.

1.2.3 Adding a type name

A type name, being a special name for an already existing object type, is added to QlLang using
add_type_name. The syntax of add_type_name is:

void add_type name (context &ctxt, //The context (argument to gl init)
const char *type name, //Type name
const char *type, //Object type name
const char *help url = 0); //Url to help file

You may treat your new type name as an object type when adding functions to QlLang (i.e. arg_spec
will recognize it), but for programming purposes the type name is ignored and only the object type is
used.



1.3  Accessing Quantlab functions

The Quantlab API function declarations can be found in the header files mentioned earlier. They
contain most functions in QLang and some additional functions that Quantlab uses internally. The
names of APl functions are mostly self-explanatory and very similar to the names in QLang. To ensure
unique function names in the APl some explanatory prefix or suffix might be added to the function
name. Some examples of this are:

Qlang function name API function name
curve curve_create_db

ns model_create_ns
label (for date graphs) label_date_create
label (for period graphs) label_number_create

For functions that are part of QLang it is probably easiest to look in Quantlab for the syntax and usage
notes. The API syntax is the same as the Qlang syntax. The exceptions to this are the member
functions, described below.

The functions that are not available within Quantlab are typically dealing with the compound types
(series, vectors and matrices), and are used for example for indexing. Functions for compound types
are found in “gl_base.h”.

There are a few Qlang functions that are not available through the API. These are in general quite
advanced such as horizon analysis.

In Appendices 3 and 4, there are a number of examples of how to access QlLang functions.

1.3.1 Object member functions

The dot notation to access member functions is currently not available in the API. There are, however,
API functions that can be used for the same purpose. The name of the function starts with the object
type name, then underscore, then the name of the member function. Some examples:

QLang member function name API function name
instrument.yield instr_yield
fit_result.simple_rate (using dates) fit_result_simple_rate_dc
label_date.text label_date_text

The argument list of the API function starts with the object itself, followed by the usual member
function parameters.

In Appendix 3, there are a number of examples of how to access Quantlab object member functions.



1.4  Referring to Quantlab object types and member functions

1.4.1 Using the handle object

The handle is used as reference to most original Quantlab object types. The object itself cannot be
accessed in any way, but the handle can be used as argument to Quantlab functions that extracts the
sought information. For example, a function taking a series of numbers and returning a number would
look something like:

double a series function(const QL::handle &s) {}

If you are adding your own object type to Quantlab, you should use the typed reference object
template handle_t. A function taking a my_type and returning a number looks like:

double my_function(const QL::handle t<const my type> é&m) {}

Typedef is recommended in order to avoid long handle expressions:

typedef QL::handle t<const my type> my type pointer;
double my function(const my type pointer &m) {}

1.4.2 Accessing object member functions

As stated above, the dot notation is not implemented yet and therefore there are no object member
functions. Instead, the corresponding functions are accessed using the object as a parameter, see 1.3.1
above.

1.4.3 Using strings

A string, and any type name that is represented by a string, is referred to using a character pointer
(const char *) when it is argument to a function. Within the function the string is then accessed and
handled normally.

Strings as return values use the Quantlab handle, and must be created using the create_string function.

1.4.4 Using doubles and integers

Types represented by a double do not need references. Note, though, that there are no integers in
Qlang. In case your want an integer as parameter for your function, you must receive a double as
argument and then test if it is an integer.

1.5 Null handling for compounded types

When using the compound types (series, vectors and matrices) it is possible for elements to be invalid.
At any time that you extract an element from a compound type you should therefore test if it is valid
or not before continuing. The testing functions are presented in Appendix 1.

Warning! Quantlab functions do not handle invalid arguments, so they will cause Quantlab to crash.
Therefore, validation tests are essential.

10



1.6 Error handling

You may call the throw_error function to generate an error. This throws an exception that is caught by
Quantlab, which then takes over, sends your error message to the Quantlab Warnings window and
sets the result of the current branch of calculations to Null.
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Using the Quantlab Python interface

All functions available in Quantlab may be called from any Python 2.7 and/or Python 3.X environment.
This includes not only the built-in library of financial and mathematical functions, but also user-written
functions and classes implemented in Qlang (and saved as a library file). Internally compiled c/c++
binarys implemented as a Dynamic Link Library (DLLs) will also be exported to Python.

1.7 Installing the Python Quantlab API

Before getting started you need to ensure that you have the proper Quantlab python library in your
local Quantlab setup. The relevant version of python support should be placed directly under the
Quantlab root. Both 32-bit and 64-bit Quantlab is currently supported.

I+ = | python
. Home Share View
4 Cut X L?J Mew item = \/] Open HHSelect all
—J w| Copy path EJ Easy access = Edit Select none
Quick Copy Paste Maove Copy Delete Rename New Properties
assg "| Paste shortcut to to - folder - History DD Invert selection
Clipboard Jrganize Mew Open Select
v <« Local *» Programs @ Quantlab » python v O Search python
—e——
-~
MName Date modified Type Size
= Quick access
2023-10-16 1613 File folder
+ OneDrive - Personal 2023-10-16 16:13 File folder
Bilder pydi- File folder
Dokurnent py27-64 2023-10-16 1613 File folder
Quantlab
I This PC

P 30 Objects
auto_help

I Desktop

= Documents

- Downloads

There are two options to load the Quantlab application into Python.

1) To permanently add a system variable PYTHONPATH to the systems environment variables. It
should point to the corresponding Python version folder using either 32-bit or 64-bit Quantlab.
This means that any time python is started it will recognize the possibility to load the Quantlab
library.
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Environment Variables

User variables for robert

Variable name: PYTHOMNPATH

Variable Value

I Variable value: gorithmica ResearchfQuantlab3 37-64

Onelrive C:'\Jse
PATH Ci\Used
TEMP %%LISER [ o J[ conce

™P TSR ——

4 Using th
111n
12p

System variables

Variable Value i

PROCESSOR_R... 3a08

PSModulePath C:\Windows'system32\WindowsPower5. .. D
FYTHONPATH C:/Program Files/Algorithmica Research...
TEMP C: \WindowsTEMP &

2) To dynamically add the Python path using the sys library. Then the Python code will work for
any user having a correct Quantlab and Python file-setup regardless of system environment.

File Edit Shell Debug Options Window Help

Python 3.7.0 (v3.7.0:1bf9cc5093, Jun 27 2018, 04:59:51) [MSC +.1914 64 bit (AMDE4)] on win32
Type "copyright™, "credits" or "license ()" for more information.

»»» import sys

»>>»>» sys.path.append('C:/program files/Algorithmica Research/Quantlab3l/py37-64')

e

L5 Col: 4

To use Quantlab functions in Python it is enough to use the “import gI” command to have Quantlab
available. The session will load all library functions set in the ini-file of the current Quantlab. If the
instr31.dll is available and a valid ODBC source is pointing to an instrument and curve database, the
instrument definitions will be loaded in the same way as starting a Quantlab session.

Remember that also real-time connections to Bloomberg and Reuters will be available to the Python
interface.

NOTE: Loading of the Quantlab function set including your internal gl/qll library files is automatically
done every time the “import gI” command is run in Python. There is no need to export and register
tlb files as with the COM connection.
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1.8 Quantlab to Python — handling of function overloading

<Obsolete as of Quantlab version 3.1.2016>
Overloading is now allowed from Qlang to Python.

1.9 Python examples

There are many ways to write and run Python code. The Quantlab Python APl works equally well from
both the IDLE command shell as well as from a Jupyter notebook.

| @ Python 3.7.0 Shell_ : - | == sz |

File Edit Shell Debug Options Window Help

Python 3.7.0 (v3.7.0:1bf8cc5093, Jun 27 2018, 04:59:51) [M5C v.1914 &4 bit (AMDE& =
4)] on win32

Type "copyright™, "credits"™ or "license ()" for more information.

>»» import gl

>»>»» gl.v_average ([1,2,3])

2.0

i

Ln:6 Cold

Using the Python Shell
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: Ju pyter Ql curve example Last Checkpoint: | tisdags 2313 (unsaved changes) ﬂ Logout
File Edit View nsert Cell Kemel Widgets Help Trusted | Python3 O

B+ 5 @ B 4+ % MRin B C W Code v

J
0.0 25 50 75 0.0 125 150 175 200
time {s)

mydate = datetime.date(2018,9, 18)
# Data for plotting
t = np.arange(@.8, 50.8, @.1)
s = list()
for myt in t:
s.append( ql.fit_12(ql.db_curve("SEK3MSWAP", mydate), gql.ns_laguerre(), ql.WS_PVBP).inst_fwd(myt)*1e@ )

fig, ax = plt.subplots()
ax.plot(t, s)

ax.set(xlabel="time (s)", ylabel="yield (%)',
title="Quantlab power to the people’)

ax.grid()

plt.show()

Quantlab power to the people

yield {%)
-
o

0 10 20 30 40 50
time {s)

In [ ]: i = db_instrument()

Using Jupyter Notebook

A few things to be aware of when using Qlang / Quantlab from Python:

- No vector and matrix function expansion in Python. Must loop in Python.

- Date type in Python has no overloaded operator +/- which means that “gl.today() — 1” does
not work.

- Variables passed as “option nullable” in Qlang can magically be omitted in Python.

- Variables passed as “out args” in Qlang will be returned in a Python tuple.

Note: In the previous version, class constructors were not exported to Python, unless there existed a
create function for the constructor. From this version and onward, if a class has no create function,
one will be dynamically created.

15



A code example calling a set of bonds and extracting some static and pricing data:

" Jupyter Bonds priced in realtime Last Checkpoint Igar 1362 (unsaved changes) o Logout
File Edit View Insert Cell Kemel Widgets Help Trusted | Python3 O
B+ = & 0B 4 % MHRun B C MW cCode v =

In [2]: | import gl
import datetime
v_i = qgl.db_curve("SEKGOVTBOND", datetime.date(2@18,9,13), "mid-rr"}.instruments()

-h'< o S0
[T

in v_i:
append(round(i.clean_price(),3))
append(i.name())
.append(round(i.mac_dur(),2))
.append(round(i.quote(),3))

=]
S
WA DS Feee—

print (n,q,y.d)

['5GB1@47", 'SGB1@s4', 'SGB1es7', 'SGB1@58°, 'SGB1@59', 'SGBleéce’, 'SGB1e61°, 'SGB1es6", 'SGB1@53"] [112.146, 113.727, 187.63
6, 115.199, 185.85, 1@1.875, 99.872, 116.42, 14@.636] [-0.465, -8.188, ©.818, @.198, ©.37, 8.55, @.762, @.965, 1.245] [2.88,
3.52, 4.95, 6.2, 7.82, 9.33, 18.67, 12.83, 15.78]

import gl
import datetime

v_1i = gl.db curve ("SEKGOVTBOND", datetime.date(2018,9,14), "mid-rr").instruments ()

q =[]
n = []
d =[]
y = []

for i in v_i:
g.append (round (i.clean price(),3))
n.append (i.name ())
d.append (round (i.mac_dur(),2))
y.append (round (i.quote (), 3))

print (n,q,y,d)

16



A code example calling the database for printing historical price quotes:

In [3]: start - datetime.datetime(2018,1,1)

end = datetime.datetime.today()
daterange = [start + datetime.timedelta(days=x) for x in range(@, (end-start).days)]
q=1[]
for d in daterange:

tmp = gl.db_instrument("SHE A:XSTO:SEK", d).quote_adj(True,True)

if tmp != None:

q.append(round(tmp,2))

print(q)

[104.93, 183.72, 105.68, 186.47, 107.66, 100.52, 116.46, 180.71, 108.47, 187.63, 107.54, 187.26, 1@8.1, 107.64, 109.36, 109.8,
169.27, 167.17, 188.81, 188.08, 106.7, 186.98, 108.08, 187.54, 106.4, 103.48, 184.28, 102.92, 181.43, 102.27, 183.55, 106.38,
167.36, 188.36, 108.33, 188.73, 107.64, 167.78, 107.33, 106.35, 106.61, 167.88, 183.81, 184.53, 185.4, 106.30, 183.45, 188.24,
108.52, 168.47, 188.61, 187.57, 107.29, 185.44, 104.21, 103.2, 99.63, 100.62, 90.68, 10@.28, 181.33, 104.22, 181.45, 101.62, 1
82.57, 186.72, 108.45, 188.87, 98.69, 98.4, 98.2, 99.86, 188.12, 99.37, 99.97, 99.85, 186.75, 99.18, 95.67, 97.83, 99.2, 98.@
4, 08.54, 98.32, 98.75, 98.6, 99.32, 1@0.47, 108.85, 09.84, 99.96, 98.28, 99.7, 99.64, 98.8, 08.8, 98.89, 98.47, 97.82, 938.23
06.02, 97.32, 06.64, 98.81, 07.52, 06.61, 07.34, 07.22, 09.18, 00.56, 96.01, 98.78, 96.92, 96.15, 07.31, 07.52, 06.00, 07.28,
97.45, 98.56, 98.65, 99.60, 98.54, 98.53, 08.17, 98.45, 98.93, 99.4, 99.94, 09.15, 99.@5, 98.7, 188.25, 181.25, 098.42, 99.84,
162.55, 1@5.1, 1@6.5, 106.53, 167.75, 187.62, 1@7.55, 108.53, 1@8.18, 108.22, 188.47, 187.82, 188.35, 108.22, 189.8, 108.7, 10
8.6, 107.78, 189.83, 110.28, 116.55, 111.63, 11@.8, 110.93, 111.2, 111.1, 112.2, 111.18, 111.97, 111.72, 118.88, 118.82, 116.
2, 109.72, 189.97, 1@8.22, 168.47, 1087.4, 106.55]

start = datetime.datetime (2018,1,1)
end = datetime.datetime.today ()
daterange = [start + datetime.timedelta(days=x) for x in range (0, (end-start).days)]
q =[]
for d in daterange:
tmp = gl.db instrument ("SHB A:XSTO:SEK", d).quote ()
if tmp != None:

g.append (round (tmp, 2) )

print(q)

1.10 Using the “out arguments” in Qlang
In Qlang it is common to use “out” arguments as function inputs. In Qlang, this results in two things;

1) That all the out declared arguments are returned and shown in a table in the workspace
2) Thatitis possible to alter the incoming data within the function.

Example with Qlang code:

out void aa_test_py2{out vector(string) n, out vector(number) r, out date d)
n ["hello”, "ge ", "see”, "you", "later"];

rng_vector (10}

today (};

r
d

Will return a Python tuple with both variables n, r and d included. If the function also has a return
value this will be the first result in the tuple. Such that the following code

out string aa_test_py2({out vector(string) n, out vector(number) r, out date d)

n= ["hello™, "g , 'see’”, "you", "later"];
r = rng_vector (10);

d = today();

return "Finished with the function!"
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will return the following in Python:

File Edit 5Shell Debug Options Window Help

Python 3.7.0 (v3.7.0:1bf%ccB5093, Jun 27 2018, 04:59:51) [MSC +.1914 €4 bitc (MDE4)] on
win32
Type "copyright™, "credits" or "license ()" for more information.

>»» import gl
»>> gl.aa_test_py2 ()
{"Finished with the function!', ['helle', 'goodbye', 'see', 'you', 'later'], [0.0108485

58981135488, 0.057081308445687196, 0.32443084637634456, 0.9180707926861942, 0.856884999
4335324, 0.6212674744892865, 0.4781634728424251, 0.20067452173680067, 0.518193125026300
%, 0.903515596408337], datevime.date (2013, &, 9))

55> |

-

Note! that as all “out arguments” in Qlang are by default option nullable, in Pyhton the user does
not have to declare and pass empty variables to the function. This works because Python and Qlang
cannot interact with Python native variables by reference. (An exception from this goes for passing
Qlang objects to a Qlang function in the Python code, as this object lives inside Qlang and can thus

be altered if passed to a function that changes the object’s contents.)

Another example where a Qlang function that take a vector of date and number as input

arguments are called in Pyhton with both results returned in a Python tuple:

: Ju pyter Instrument Last Checkpoint: Igar 14:55 (unsaved changes)

File Edit Wiew Insert Cell Kemel Widgets Help

B + | &g B 4+ ¥ MRin B C » Code v =

In [1]: import gl
import datetime
mydate = datetime.date(2019,8, 8)
i = gl.instrument("SGB1859", mydate, "MID").cash_flows()

print (i)

1.8, 1.0, 1.8, 1.8, 181.e])

a Logout

| Python3 O

([datetime.date(2019, 11, 12), datetime.date(2828, 11, 12), datetime.date(2821, 11, 12), datetime.date(2822, 11, 14), datetim
e.date(2023, 11, 13), datetime.date(2024, 11, 12), datetime.date(2023, 11, 12), datetime.date(2026, 11, 12)], [1.@, 1.8, 1.8,

What happens if you have overloading of a function with option nullable arguments? In the below
construction only the first test will be available from python when calling it using test(None,None) due
to ambiguity in calling the function using test() or test(None) as neither of these calls can tell which of
the functions you want to address.

void test(out string s, out string t)

! is = "test 2";
ro- o
h
void test(out string s)
s = "test 17;
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1.11 Exporting modules from Qlang to Python

From version 3.1.2021 of Quantlab, also library modules are exported to Python. They will look and
work similar to Quantlab to place its containing classes and functions into private namespace.

module a_roberts_func{
matrix{number) aa_test_py(integer x, integer y, logical z = true)

return transpose( [rng_vector (x)]1)*[rng_vector (y)];

string aa_test_py2({out vector(string) n, out vector (number) r, out Ttimestamp d)
i

n = ["hello", "goodbye", "see", "you", "later™];
r = rng_vector (10);
d = now();

return "Finished with the function!"”;

void test{out string s, out string t)

: is = "test 27
t= "t

h

void test{out string s)

1 .

is = "test 1";
h

In the example above, all functions can be found in the module / namespace “a_roberts_func”. See
below.

(=[S i

Eile Edit Shell Debug Options Window Help
Python 3.7.0 (v3.7.0:1bf9%cc5093, Jun 27 2018, 04:59:51) [MSC v.1914 &4 bic (AMDE =~
4)] on win32 ¥
Type "copyright™, "credits"™ or "license ()" for more information.
»»>» import gl

>>> gl.a_roberts_func.

aatest oy Jia

aa_test_py2 N
test
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1.12 Debugging Qlang from Python
It is possible to debug a Python session’s Qlang code directly in the Qlang debugger / editor.

First a Python aware Quantlab session must be started using the same Quantlab as is used when
running the Python. A debug session is started by running the -Z command at the command line. See
example below:

S —
B C\Windows\system32\cmd.exe . B - - =ean x|
e ——

Microsoft Windows [Uersion 6.1.76011
Copyright {(c»> 288% Microsoft Corporation. All rights reserved.

C:sUserssroberticd. .

C:sUzers>ed. .

C:%>cd "Program Files“Algorithmica Researchsfuantlab3l_RC-Quantlahbh31"
C:N\Program Files“Algorithmica Research-Quantlabh3i_RCwQuantlabh3l»>guantlabh-64 -Z

This opens a Debugger with a “cproxy” process thread started.
5] Clong Dot e s |- 12} ||

File Edit View Debug Settings Window Help
prer—

B cpr

Breakpoints Compiler log

File (Sl bb331-64.qrt oL d gll: Th od could not be found.

Threads Watches Vvariables
‘| . __cp Running Expression Name

III

This process listens for Python processes that initialize Quantlab libraries, using the “import q
command from Python. Multiple Python sessions can be started from different environments such as
Jupyter Notebook or the Python IDLE.
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We can now set break-points and debug in Quantlab as normal.

ﬁqhng Dm'i"r q‘
File Edit Wiew Debug Setting low Help

python_play.ql %

odule a_rob_func{

number) aa_test_py(integer x, integef

Debug Options Window Help

return transpose([rng_vector(x)])*[rng_||REiEEaiaeus ]
Python 3.7.0 (v3.7.0:1bf9cc5093, Jun 27 2018, 04:53:51) [1
4)] on win32

Type "copyright”, "credits"™ or "license ()" for more infor
>>> portc gl

>>> gl.a_rob_ func.aa_test_pyZ()

Library

| Breakpoints
Eidle

O

Threads Stack

Runni| aa_test_py2

Note! that the Quantlab Editor / Debugger will be in “lock-down” mode. It will not allow for any
changes or re-compiles of the Qlang code during the debugging session.
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Using the COM interface

1.13 Using the COM interface in VBA

All functions available within Quantlab may be called from any COM-aware program such as Microsoft
Excel or Microsoft Visual Basic. This includes not only the built-in library of financial functions but also
user-written functions implemented in Qlang (and saved as a library file), as well as compiled functions
implemented as a Dynamic Link Library (DLL).

NOTE! When using 32-bit VBA/Excel you should run the ql_com_tool.exe. For 64-bit VBA/Excel you run
the gl_com_tool-64.exe. This holds true regardless which version of Quantlab you are using!

1.13.1 Generating the tlb file

Before you try to access your own library functions and DLL:s you need to generate a .tlb-file (type
library file). Using this file Excel (or Visual Basic) knows enough about your functions to include them
in the Object Browser. To produce such a file from Quantlab, proceed as follows:

Install the x86 and/or the x64 version(s) of the com dll and the exe plus a suitable tlb-file (ql_com.tlb)
next to quantlab-64.exe in a quantlab installation.

Note that the tlb file can in some circumstances already be created and installed in the root catalog of
the installation. If so, you can proceed to the registration of the tlb below.

Mew folder

Name Date mc:c[ifiecl Type Size

|| gl_com.tlb 2018-09-13 11:50 TLE File 203 KB
4k | glab31-64.ini 2018-09-1311:07 Configuration sett... 3KB
& glab31-64.pdb 2018-09-11 11:58 Program Debug D... 10 228 KB
%) glab31-64.dll 2018-09-11 11:58 Application extens... 18 489 KB
quantlab-64.exe 20 Application 896 KB
& quantlab-64.pdb Program Debug D... 6908 KB
& gl_com.pdb Program Debug D... 6028 KB
| gl_com_tool.exe Application 63 KB
) gl_com.dll Application extens... 328 KB
571 gl_com_tool-64.exe Application 83 KB
& gl_com-64.pdb Program Debug D... 5988 KB
%) gl_com-64.dll Application extens... 405 KB
(%) ui2d-64.dll Application extens... 5580 KB
= uialh OLH File 1KB

Generate and administer the tlb file using a command promt set to the current Quantlab working
directory. In general, it should be enough to run the command window as user (using the -U option
below.) If that does not work you might need to run the command promt with administrator privileges
in order to register to tlb file.

'gl_com_tool [-U] -t [-f]' updates/generates a tlb-file and registers it. '-U' means registration per-user,
and '-f' forces the creation of a tlb file if one is not present or is invalid.

'gl_com_tool [-U] -r' registers the com library dll and tlb.

'gl_com_tool [-U] -u' unregisters the com library and tlb.
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-

]
B Command Prompt

Microsoft Windows [Uersion 6.1.76811
Copyright (c>» 2009 Microsoft GCorporation. All rights reserved.

ARSI

C-“>cd "Program Files“Algorithmica Research'guantlab3di

C:~\Frogram Files“Algorithmica Research~Quantlabh3i>gl com_tool U -t
Hpdated t1h
Regisztered tlh

C-“Program Files“Algorithmica Research~Quantlab3l>gl_com_tool -U —»
Regisztered dll
Registered tlh

C-“Program Files“Algorithmica Research~Quantlahdi>

=N

This results in a ql_com.tlb file being generated in your Quantlab folder. The file includes information
about all functions currently available in your library files and DLL:s. Note that you need to generate a
new .tlb file if you update your library files (or DLL:s) and want the new functions to be available via

the COM-library.

Mew folder

Mame Date n1cciifiecl Type
TLE File
| glab31-64.ini Configuration sett...
& glab3l-64.pdb Program Debug D...
%] qlab31-64.dll Application extens...
uantlab-64.exe Application
9 .

& quantlab-64.pdb

& gl_com.pdb 2018-06-19 09:3 Program Debug D...
5 gl_com_tool.exe 2018-06-1¢ Application
% gl_com.dll 2018-06-19 09:3 Application extens...
5 gl_com_tool-64.exe 2018-06-19 09:3 Application
& gl_com-64.pdb 2018-06-1¢ Program Debug D...

%] gl_com-64.dlI 2018-06-1¢
2] ui24-64.d1 2018-06-18
| ui.ath 2018-05-2020:25  OLH File

1.13.2 Setting Environment PATH

Program Debug D...

Application extens...

Application extens...

Size

18 489 KB

5988 KB
405 KB
5 580 KB
1KB

Before starting Excel to run the com library, the environment path must point to where you have
placed the gl_com.dll file. This in order for excel to find it in the list of available libraries in Tools |

References in the VBA editor.

To set the path, open the environment variables on your PC and extend the list of paths to include your

local path. Either user or system path must be set.
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Environment Variables

User variables for robert

Variable Value

OneDrive C:\Users'robert\OneDrive

PATH
TEMP Edit System Variable
T™P 3

Variable name: Path

Sl
Variable value: ]
System varia
Variable | 0K | | Cancel |
Path
2 : &

PATHEXT .COM; .EXE; .BAT;.CMD; .VES; .VEE;.IS; ...

PROCESSOR_A... AMDS4
PROCESSOR_ID... Intels4 Family & Model 58 Stepping 9, G... ™

New.. || GEdit.. || Delete |
you c
the
| oK || Cancel | tlab i
time

1.13.3 Register the glab31-64.dll

When using the Qlang libraries from Excel/VBA for the first time, the glab31-64.dll needs to be
registered first. Ensure that the user / system path is pointing to the folder where you have the dll (see
above). Then run the command promt using the the -r option. Run preferably using the -U (user) option
so you do not have to be administrator on your pc. Example below:

=8 Command Prompt

Microsoft Windows [Uerszion 6.1.76811
Copyright <c} 288? Microsoft Corporation. All rights reserved.

"Program Files“Algorithmica Research-Quantlah3i"

C:“Program Files“Algorithmica Research“~Quantlab31>gl_com_tool -U
dll

Registered
Registered tlh

C:“Program Files“Algorithmica Research“Quantlah3i>

1.13.4 Running Excel and setting references in VBA Editor

Now you can start Microsoft Excel or Visual Basic, start the Visual Basic Editor and open References
under the Tools menu. Use the Browse button to find the generated gl_com.tlb file and verify that
‘Quantlab COM Library’ is included in the list and marked as active. You only have to do this once —
every time you update the .tlb file it is enough to close and reopen Excel. Make sure that Excel or any
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program that uses the .tlb file is closed when you generate a new file - otherwise Quantlab will be

unable to overwrite the existing file.

Use the Object Browser and browse the ‘ql30’ library to examine what functions are available. To get
more help on each function, use the function browser in Quantlab.

£ Microsft Visual Basic for Applications - Bookl

: Fle Edit View Inset Format Debug Run Tools Add-ns
HE N ™ ) pouom &
Project - VBAPraject x|

B

% Object Browser

Window  Help

* Q@

= g VBAProject (Book1)
(=25 Microsoft Excel Objects
i Sheet1 (Sheet1)

i) Thisworkhook
Search Results

| Class

1 application
&1 application

] application

<All Libraries> vl 4| fal © Referemivmmjgd = J
v_exclud vl Ml 2~

Available References:

Cancel

Visual Basic For Applications o~
crosoft Excel 16,0 Object Library D

E Automation

crosoft Office 16.0 Object Librar:

Library
) W q120
W gl30
i II\ qi3d

‘Classes

@ =globals> -
) AboveAverage ™
&) Action

2 Actions

&1 Addin

21 Addins

& Addins2

Properties - Sheetl x|

Sheet1 Worksheet - I

Alphabetic | Categorized |

(Name) Sheet1
DisplayPageBreak False
DisplayRightTolLei Falze
EnableAutoFilter |Falss
EnableCalculation True
EnableFormatCon True
EnableOutiining | False
EnableFivotTable Falsz

) Adjustments

&® ahs_message_type
) AllowEditRange

2 AllowEditRanges
Hiapplication
&) Application

21 Areas

) asset_swap_result
=7 asset_swap_type

Members of ‘application’
TOY

true

=& frunc

= ts_date
TUESDAY

TuQ1

=% tw_asian_charm
=& tw_asian_gamma
=% tw_asian_price
=& tw_asian_rho

=% tw_asian_theta
=& tw_asian_vanna
=% tw_asian_vega
=& tw_asian_vomma
=% tw_asian_zomma

[ AcroBrokerLib
[] Active DS Type Library

[1 AFarmaut 1.0 Tvne Library
«

[ Quantlab COM Library

(] AccessibiiityCpladmin 1.0 Type Library
[] Acrobat Access 3.0 Type Library

[] ActiveMovie control type library

(| AdHocReportingExcelClientlib

(| Adobe Acrobat 7.0 Browser Control Type Library 1.0
[| Adobe Reader File Preview Type Library

Browse...
kl
Priority Help

|

e

D

Location:

C:\Program Files\Algorithmica Research\Quantab31\gl_com. Hl

Language: Standard

=& tw_asian_spot_delta ™

2 AutoCorrect =& unit_matrix

EnableSelection |0 - xINoRestrict

h Sheet1 @) AutoFilter -6 unit_vector
S:rr:imga = & AutoRecaver UNSPECIFIED
Stancerdwidth 3,43 ) Axes - v_average
Visible -1 - xisheetvisib & s & v_box
isTitle =& y_complemen
B AxisTiH o lement
=@ BackstageGroupStyl =& v_count

&7 barrier_type =% v_equal_casei
) pasic_function =@ v_exclude_first_num
=7 basic_function_type =%v_exclude first_str

& bd_convention - |=® v_exclude_str

Function v_exclude_first_str{x() As String) As String()
Member of gl30 application

1.13.5 COM function overloading

Note that COM does not allow for overloaded functions to be exported. To get around this, it is possible
to publish a user-defined name to the COM interface.

By using the key-word: option(com_name: <string>) directly after the function name, an alternate
name of the function will be published to the COM interface. Example:

number my new_ func (number x, number y)
option(com name: 'my new func2')

return x*y;

1.14 Example of VBA project (qltest_com.xls)

Here is an example of how to calculate so called tail yields using QLang functions in VBA. The example
file is found in Quantlab\examples\COM. The code corresponds to the case study Calculating tail rates
(Chapter 5.5 in Quantlab User Manual).

Function mat(c As String, d As Date) As Variant
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On Error GoTo err:
Dim out () As Date
Dim iv () As gl.instrument
Dim cv As gl.curve

Set app = CreateObject ("QLang.Application")
Set cv = app.db curve(c, d)

iv = cv.instruments ()

ReDim out (UBound (iv))

For 1 = 0 To UBound (iv)

out (1) = iv (i) .maturity
Next
mat = out

Exit Function

err:
MsgBox "Error" & Str(err.Number) & ": " & err.Description
End Function

Function tail graph(curvename As String, tradedate As Date) As Variant

On Error GoTo err:
Dim fr As gl.fit result

Set app = CreateObject ("QLang.Application")

Set fr = app.bootstrap(app.db curve (curvename, tradedate))

Dim m() As Date
m = mat (curvename, tradedate)

Dim out () As Double
ReDim out (UBound (m) - 1)

For i = 0 To UBound (out)

out (i) = fr.zero rate dc(tradedate, m(i), m(i + 1),
* 100
Next
tail graph = out
Exit Function
err:
MsgBox "Error" & Str(err.Number) & ": " & err.Description

End Function

"simple",

"ACT360")
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Configuring Server to use Bloomberg / Refinitiv realtime souces

Open the glab31-64.ini file in a notepad

1.15 For Refinitiv:

Add a user row having proper REFINITIV rights to the REFINITIV tag: user = ‘username’ resulting in:
REFINITIV {
dil = 'rt/rfa31-64.qgrt'
feed = 'IDN_SELECTFEED'
server = 'sslsink'’
user = 'MYUSERNAME'
port = '2345'
upcase_user = 'true'
position = 'sdfsf'
app_id = 'sdfsdf’'
}

The port, upcase_user, position, and app_id are optional and only used together with specific setups of
REFINITIV server within the organization.

Note that if no user is present in the REFINITIV tag, the windows user currently running the service will
be used as default. Il.e. if local account is running the service that will be the user trying to log-on to
REFINITIV.

Source Mame: |F|EFINITI‘-~-f

Dl | t/riacl-64. qrt

|
|
Log File: | Flags: I:I

Server

Server | zxlzink,

Part [optional]: |

| dertity
[zer narne: |MYU5EHN-"1"-|"-"|E Upcase:  []

Pozition: | |

Application-d: | |

0k, Cancel
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1.16 For Bloomberg

1.16.1 Bloomberg B-Pipe option
Add auth_options = 'logonstring ' authentication string to the Bloomberg tag resulting in:
BLOOMBERG {

dil = 'rt/bb331-64.qgrt'

default_fields = 'BID,ASK, TRADE_UPDATE_STAMP_RT'

server_host = 'bbserver’

server_port = '3123'

auth_options =
'AuthenticationMode=APPLICATION_ONLY:;ApplicationAuthenticationType=APPNAME_AND_KEY;App
icationName=algorithmica:ahs'

}

If using BPIPE connection, subscription to fields need to added to the BB connection setting using the
default fields property.

default_fields = 'BID,ASK,TRADE_UPDATE_STAMP_RT

Same goes for Bloomberg as for REFINITIV, if the auth_options tag is missing, that it then defaults to
the windows logged on account.

Source Name: [ BLODMEERG |

ol [eaa1-6a.1 |

Log File: | Flags: | |

Server

Server | | | |

Authentication | |

Hacks

Fields to use if no fields given in subscription; l:l
Time ta wait for all fields on opening subscription: l:l

Digable fragment reaszembly: O

- * ance

1.16.2 Bloomberg Client API option

When running Quantlab on the same desktop PC as an active Bloomberg client, the only requirement
is to be logged in to Bloomberg before starting Quantlab. The only setting needed in the ini-file is a
reference to the bb grt file.

BLOOMBERG {
dil = 'rt/bb331-64.grt'
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Appendix — Quantlab types and C++

This table shows the types currently in the Quantlab language. The “Type” column presents the type
name in Quantlab. The “Identifier” column shows the string used for declaring a parameter or a return
value using the arg _spec function. The “Representation” column is how the type is practically
represented when used as parameters and return values in your code. The “Test” column presents the
testing function to see if a value is valid or not, used when elements are extracted from series, vectors
and so on. Strings and handles are pointers that will be Null if they are not valid, so the only specific
Quantlab testing functions are valid and valid_date, all others are tested with the common if

statement.

Type Identifier for arg_spec Representation Test
number "number" double valid
date "date" double valid_date
logical "logical" double valid
algorithm "algorithm" handle if
asset_swap_result "asset_swap_result" handle if
calendar "calendar" handle if
curve "curve" handle if
date_range "date_range" handle if
fit_result "fit_result" handle if
instr_def "instr_def" handle if
instrument "instrument" handle if
lable_date "lable_date" handle if
lable_number "lable_number" handle if
model "model" handle if
number_range "number_range" handle if
point_date "point_date" handle if
point_number "point_number" handle if
weight_scheme "weight_scheme" handle if
asset_swap_type "asset_swap_type" string if
curve_name "curve_name" string if
day_count_method "day_count_method" string if
instr_class_name "instr_class_name" string if
instrument_name "instrument_name" string if
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qguote_side "quote_side" string if
rate_type "rate_type" string if
string "string" string if
vector of <type> "vector(<type>)" handle if
matrix of <type> "matrix(<type>)" handle if
series of <type> "series(<type>)" handle if
series of vectors of | "series(vector(<type>))" handle if
<type>

series of matrices of | "series(matrix(<type>))" handle if
<type>

Interface

Return types
QL type

void
logical
integer
number

date

timestamp

enum

C++ type

void

QL::logical_t
QL:int_t
QL::number _t

QL::date_t

QL::timestamp_t

QL::enum_t

QL api function

example

boost::gregorian::date d;
return d.is_not_a_date() ?
QL:null_date() :
QL::date(d.year(), d.month(),
d.day());

boost::posix_time::ptime t;
return t.is_not_a_date_time() ?
QL::null_timestamp :
QL::timestamp(
t->date().year(), t-
>date().month(), t->date().day(),
t->time_of_day().hours(), t-
>time_of day().minutes(), t-
>time_of day().seconds(), 0);
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QL api function

QL::create_string(const
wchar_t *) or
QL::create_string(const
char *)

QL::create_v_I(size)

and
QL::set_v_l(object&, ix,
logical_t)

QL::create_v_i(size)
and
QL::set_v_i(object&, ix,
int_t)

QL::create_v_n(size)
and
QL::set_v_n(object&, ix,
number_t)

QL::create_v_d(size)
and
QL::set_v_d(object&, ix,
date_t)

QL::create_v_t(size)
and
QL::set_v_t(object&, ix,
timestamp_t)

QL::create_v_s(size)
and
QL::set_v_s(object&, ix,
object *)

QL::create_v_o(size)

QL type C++ type
string QL::handle
object QL::handle_t<>
vector(logical) QL::handle
vector(integer) QL::handle
vector(number) QL::handle
vector(date) QL::handle
vector(timestamp) QL::handle
vector(string) QL::handle
vector(object) QL::handle
Argument types
QL type C++ type
(normal
argument)
logical QL::logical_t
integer QL:int t

example

return
QL::create_string(L"HELLO")

return my_space::my::create()

return QL::set_v_t(*vec_obj, ix,
true)

return QL::set_v_t(*vec_obj, ix,
45)

return QL::set_v_t(*vec_obj, ix,
45.345345)

return QL::set_v_t(*vec_obj, ix,
NR::date_t(y, m, d).nr())

return QL::set_v_t(*vec_obj, ix,
NR::timestamp_t(NR::date_t(y,
m, d), hh, mm, ss, ms).nr())

return QL::set_v_s(*vec_obj, ix,
&(*QL::create_string(L"HELLQO"))
)

return QL::set_v_o(*vec_obj, ix,
my_obj.get())

comments

and
QL::set_v_o(object&, ix,
object *)
C++ type C++ type
(output (nullable
argument) argument)
(Also works for
normal
arguments)
QL:logical_t & QL:logical_t
QL:int t& QL:int t
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QL type

number
date

timestamp

enum

string

object

vector(...)

C++ type
(normal
argument)

QL::number _t
QL::date_t

QL::timestamp _t

QL::enum_t

const QL::object
&

const QL::object
&

const QL::object
&

Converting to C++ string

const char* QL::get string(const QL::objecté)

to string

const char* QL::get string 0 (const QL::object¥)

if null

C++ type
(output
argument)

QL:
QL:
QL:

QL::
QL::

QL::

QL:

Converting argument vector to C++ vector

number_t &
date t&

timestamp_t

enum_t &

handle &

handle &

handle &

C++ type
(nullable
argument)
(Also works for
normal
arguments)

QL::number_t
QL::date_t

QL::timestamp_t

QL::enum_t

const QL::object *

const QL::object *

const QL::object *

Get the number of elements, to create the corresponding C++ vector:

int t get v size(const objecté&)

comments

“"const" can only
be used when
the object will not
be updated or
reference
counted in your
QLL

"const" can only
be used when
the object will not
be updated or
reference
counted in your

QLL

“const" can only
be used when
the object will not
be updated or
reference
counted in your
QLL

// does a checked cast

// returns null pointer

Extract the elements using one of the following functions, where all functions have arguments

(const objects,

the index.

int t); the first argument being the vector and the second
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Function Return type QL type

get v i QL:int_t integer
get v.n QL::number _t number
get v_| QL::logical_t logical

get v d QL::date t date

get v.m QL::month_t month

get v t QL:timestamp_t  timestamp
get v e QL::enum_t enum

get v_s QL::handle string

get v. o QL::handle object

get v_f QL::handle function

Example (vector of strings):

int n = QL::get v size(val);
vector<string> val vec(n);
for (int i = 0; i < n; ++1i) {
QL::handle string h = QL::get v s(val, 1);
if (string h) {
// Ignore null strings, since std:string cannot be null
// Had we used char* instead of std:string, we could have called
// QL::get string 0 and gotten a null pointer if string was null.
val vec[i] = QL::get string(*string h);

Functions and member functions

QL::arg spec ret;
QL::arg_spec args[<size>]; // the Array must be big enough to handle all your
function declarations

void my func(<argl>, <arg2>...)

r = QL::arg_spec ("<QLang argument type>"); // e.g QL::arg spec("void")
args[<index number>] = QL::arg spec ("<QLang argument type>", "<Argument name in
QLang>"); // e.g QL::arg spec("string”, "name")

QL::add func(ctxt, reinterpret cast<QL::function t*>(my func), "my gl function",

category, ret, <number of arguments>, args);

void my member func (myspace::my &m, <argl>, <arg2>...)

r = QL::arg spec("<QLang argument type>"); // e.g QL::arg spec ("void")
args[<index number>] = QL::arg spec("<QLang argument type>", "<Argument name in
QLang>"); // e.g QL::arg spec("string", "name")

QL::add mem func(ctxt,reinterpret cast<QL::function t*>(my member func), "my gl ob

J", "my gl function", category, ret, <number of arguments>, args);

Exceptions
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Very important to catch all exceptions generated in your QLL or from libraries that you have used
(e.g. C++ Windows Standard Libary) or Quantlab will crash.

You must not though catch std::bad_alloc since Quantlab will handle that

Example code

my.h

#pragma once

#include <QL/api/gl.h>

namespace myspace {

class my;

typedef QL::handle t<my> my p;
}

class myspace::my : public QL::object {

private:

explicit my () {}
public:

~my () {}
private:

my (const myé&) ;
my &operator=(const my &);

public:
static my p create() { return my p(new my()); }
void set name (const char *s) { name.assign(s); }
private:

std::string name;

}i

my.cpp
#include "my.h"
static const char category[] = "My Utilities";

static myspace::my p create my()
{
try {
myspace::my p m = myspace::my::create();
return m;
}
catch (const std::bad alloc &) {
throw;
}
catch (const std::exception &e) {
throw QL::error (QL::E UNSPECIFIC, e.what());

QL::handle my hello (myspace::my &m)

try {
return QL::create_string("HELLO WORLD") ;

}
catch (const std::bad alloc &) f{
throw;
}
catch (const std::exception &e) {
throw QL::error (QL::E UNSPECIFIC, e.what());

}

void my set name (myspace::my &m, QL::object &name)
{
if (strlen(QL::get string(name)) > 50)
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throw QL::error (QL::E INVALID ARG, "Too long name");
m.set name (QL::get string(name));

}

___declspec(dllexport) void gl init (QL::symtab &s)
{
QL::symtab &ctxt = QL::add module(s, "my util");

QL::arg spec r;
QL::arg spec a[l2];

QL::add object type(ctxt, "my", 0, category);

r = QL::arg spec("my");
QL::add func(ctxt, reinterpret cast<QL::function t*>(create my), "my",
category, r, 0, a);

r = QL::arg spec("string");
QL::add mem func(ctxt, reinterpret cast<QL::function t*>(my hello), "my",
"hello", r, 0, a);

r = QL::arg spec("void");

al[0] = QL::arg spec("string");

QL::add mem func(ctxt, reinterpret cast<QL::function t*>(my set name), "my",
"set name", r, 1, a);

}



Appendix — API specific functions in ql_base.h

This table presents the functions in the header file gl_base, as these are mostly only available through
the Quantlab APl and cannot be accessed using QLang.

API function Header file Description

valid gl_base Tests if a number or logical is valid.

invalid_number gl_base Returns an invalid number.

throw_error gl_base Throws an error that is caught by Quantlab.

get_v_size gl_base Returns the size of a vector.

get_m_size gl_base Returns the number of rows and columns of a matrix.

get s _dims gl_base Returns the number of ranges on which a series is based.

get s x0 gl_base Returns the starting number, date or timestamp of one of
the ranges of a series.

get s dx gl_base Returns the step length of one of the ranges of a series.

get_s_size gl_base Returns the number of elements of one of the ranges of a
series.

get s _range_number gl_base Tests if a range is a number range.

get_s range_date gl_base Tests if a range is a date range.

get s range_timestam | gl_base Tests if a range is a timestamp range.

p

get_s_total_size gl_base Returns the total number of elements of a series, a
multiplication of the sizes of all ranges.

get s x gl_base Returns the range number, date or timestamp
corresponding to one element of a series.

get_sv v _size gl_base Returns the size of each vector in a series of vectors.

get_ sm_m_size gl_base Returns the number of rows and columns of each matrix
in a series of matrices.

get v._num gl_base Returns one element of a vector of numbers.

get v_obj gl_base Returns one element of a vector of objects.

get m_num gl_base Returns one element of a matrix of numbers.

get_ m_obj gl_base Returns one element of a matrix of objects.

get s num gl_base Returns one element of a series of numbers.

get s obj gl_base Returns one element of a series of objects.

get sv._num gl_base Returns one element of a series of vectors of numbers.

get sv_obj gl_base Returns one element of a series of vectors of objects.

get sm_num gl_base Returns one element of a series of matrices of numbers.
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get_sm_obj gl_base Returns one element of a series of matrices of objects.
create_v_num gl_base Creates a vector of numbers.

create_v_obj gl_base Creates a vector of objects.

create_m_num gl_base Creates a matrix of numbers.

create_m_obj gl_base Creates a matrix of objects.

create_num_range gl_base Creates a number range.

create_date_range gl_base Creates a date range.

create_timestamp_ran | gl_base Creates a timestamp range.

ge

create_s_num gl_base Creates a series of numbers.

create_s_obj gl_base Creates a series of objects.

create_sv_num gl_base Creates a series of vectors of numbers.
create_sv_obj gl_base Creates a series of vectors of objects.
create_sm_num gl_base Creates a series of matrices of numbers.
create_sm_obj gl_base Creates a series of matrices of objects.

set_ v._num gl_base Sets one element of a vector of numbers.
set_v_obj gl_base Sets one element of a vector of objects.

set_ m_num gl_base Sets one element of a matrix of numbers.
set_m_obj gl_base Sets one element of a matrix of objects.

set_ s num gl_base Sets one element of a series of numbers.

set_s obj gl_base Sets one element of a series of objects.
set_sv_num gl_base Sets one element of a series of vectors of numbers.
set_sv_obj gl_base Sets one element of a series of vectors of objects.
set_ sm_num gl_base Sets one element of a series of matrices of numbers.
set_sm_obj gl_base Sets one element of a series of matrices of objects.
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Appendix — Example “pair”: Adding an object type and its member
functions

This is an example showing how to add the object type “pair” to Quantlab with a creation function and
member functions. The “pair” object is simply a container of two numbers, created in Quantlab using
the pair function. The two components can be extracted using the member functions first and last on
the pair object.

#include "gl.h"
namespace
{
class pair;
typedef QL::handle t<const pair> pair p;
// Declaring the pair class from the basic QL object class.
class pair : public QL::object
{
// Declaring a creation function.
public:
static pair p create(double first, double last)
{
return pair p(new pair(first, last));
}
// Hiding the object creation to avoid reference problems.
private:
pair (double first, double last) : first(first), last(last) {}
public:
double first;
double last;
}i
}
/* Creates a pair object. */
static void create pair(pair p &result, double first, double last)
{
result = pair::create(first, last);
}
/* Extracts the first element of a pair. */
static double pair first(const pair p &p)
{
return p->first;
}
/* Extracts the last element of a pair. */
static double pair last(const pair p &p)
{
return p->last;
}
/*
* Adds the pair object type, a palr creation function and two member functions
* to the Quantlab context.

*/
__declspec(dllexport) void gl init(QL::symtab &ctxt)
{
QL::arg_spec r;
QL::arg_spec all2];
QL::add object type(ctxt, "pair");
r = QL::arg spec("pair");
al[0] = QL::arg spec("number", "first");
al[l] = QL::arg spec("number", "last");

QL::add func(ctxt, reinterpret cast<QL::function t*>(create pair),
"pair", "Pairs of numbers", r, 2, a);
r = QL::arg_spec ("number");
QL::add mem func(ctxt, reinterpret cast<QL::function t*>(pair first),
"pair", "first", r, 0, a);
QL::add mem func(ctxt, reinterpret cast<QL::function t*>(pair last),
"pair", "last", r, 0, a);
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Appendix — A series example

This is an example of how to access and use a series. The function my_average will calculate the

average of a given series.

#include "gl.h"
static const char category[] = "Series example";
static double average (const QL::handle &s)

{

int size = QL::get s total size(s);
int count = 0;
double sum = 0;

for (int 1 = 0 ; 1 < size ; i++) {
double s i = QL::get s num(s, 1);
if (QL::valid(s_1i)) {
sum += s _1i;
++count;
}
}
return sum / count;
}
__declspec(dllexport) void gl init(QL::symtab &ctxt)
{

QL::arg_spec r;

QL::arg spec all2];

r = QL::arg spec ("number");

a[0] = QL::arg spec("series (number)", "s");

QL::add func(ctxt, reinterpret cast<QL::function t*>(average),
"my average", category, r, 1, a);
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Appendix — Blending functions

This is an example of how to blend yield curves. In a typical case you want to combine deposit rates,
short-term futures or FRA:s (below, both are called FRA:s) and swap rates to form a complete yield
curve. The number of deposit rates will vary depending on the time to the fixing of the first FRA. In the
transition from deposit to FRA:s the standard method is to interpolate between the two nearest
deposit rates in order to construct a loan that matures on the settlement date of the FRA. This is done
by calling the Quantlab function curve_chop_long_interp. In this example, four different functions on
this theme are created.

As an alternative, these functions can be created in the Quantlab language directly, which is shown in
Appendix 6.

#include "gl.h"
static const char category[] = "Curve blending";
static double min maturity(const QL::handle &curve)
{
QL: :handle v = QL::curve instruments(curve);
int n = QL::get v size(v);
return QL::instr maturity (QL::get v obj (v, 0));
}
static double max maturity(const QL::handle &curve)
{
QL: :handle v = QL::curve instruments(curve);
int n = QL::get v size(v);
return QL::instr maturity(QL::get v obj(v, n - 1));
}
static double min settle(const QL::handle &curve)

{

QL: :handle v = QL::curve_ instruments(curve);
int n = QL::get v size(v);
double min, tmp;

min = QL::instr settle date(QL::get v obj (v, 0));
for (int 1 =1 ; 1 < n ; 1i++) {
tmp = QL::instr settle date(QL::get v obj (v, 1i));
if (min > tmp)
min = tmp;
}
return min;

}

static void blend depo swap (QL::handle &result,
const QL::handle &depo_curve,
const QL::handle &swap_curve,
const QL::handle &ctxt)

if (QL::curve empty(swap curve))
result = depo curve;

else {
double d = min maturity(swap curve) - 1;
QL: :handle c_short = QL::curve chop long(depo curve, d);

result = QL::curve_merge(c_short, swap_curve) ;
}
}
static void blend depo fra(QL::handle &result,
const QL::handle &depo curve,
const QL::handle &fra curve,
const QL::handle &ctxt)

if (QL::curve empty(fra curve))
result = depo_ curve;

else {
double d = min settle(fra curve);
QL::handle c_short = QL::curve chop long interp(depo curve,

d, ctxt);
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result = QL::curve merge (c_short, fra curve);
}

}

static void blend fra prio(QL::handle &result,
const QL::handle &depo curve,
const QL::handle &fra curve,
const QL::handle &swap curve,
const QL::handle &ctxt)

if (QL::curve empty(fra curve))
blend depo_ swap(result, depo curve, swap curve, ctxt);

else {
double d;
QL: :handle c short, c long;
d = min settle(fra curve);

c_short = QL::curve chop long interp(depo curve, d, ctxt);
c_short = QL::curve merge(c_short, fra curve);
d = max maturity(c_short) + 1;
c long = QL::curve chop short (swap curve, d);
result = QL::curve merge (c_short, c long);
}
}

static void blend swap prio(QL::handle &result,
const QL::handle &depo_ curve,
const QL::handle &fra curve,
const QL::handle &swap_curve,
const QL::handle &ctxt)

if (QL::curve empty(swap_curve))
blend depo fra(result, depo curve, swap curve, ctxt);

else {
double d;
QL: :handle c mid, c_ short;
d = min maturity(swap curve) - 1;

c mid = QL::curve_chop long(fra curve, d);
if (QL::curve empty(c _mid))
blend depo swap(result, depo curve, swap curve, ctxt);
else {
d = min_settle(c_mid);
c_short = QL::curve chop long interp(depo curve, d, ctxt);
c_short = QL::curve merge (c_short, c mid);
result = QL::curve merge(c_short, swap curve);

}
}
__declspec(dllexport) void gl init(QL::symtab &ctxt)
{

QL::arg spec r;

QL::arg_spec allzyl;

r = QL::arg spec("curve");

al[0] = QL::arg spec("curve", "depo curve");

a[l] = QL::arg spec("curve", "swap_ curve");

al2] = QL::ctxt arg();

QL::add func(ctxt, reinterpret cast<QL::function t*>(blend depo swap),
"blend curves depo_ swap", category, r, 3, a);

r = QL::arg spec("curve");

al[0] = QL::arg spec("curve", "depo curve");

al[l] = QL::arg spec("curve", "fra curve");

al2] = QL::ctxt _arg();

QL::add func(ctxt, reinterpret cast<QL::function t*>(blend depo fra),
"blend curves depo fra", category, r, 3, a);

r = QL::arg spec("curve");

a[0] = QL::arg spec("curve", "depo curve");

all] = QL::arg spec("curve", "fra curve");

al[2] = QL::arg spec("curve", "swap_ curve");

al3] = QL::ctxt arg();

L

QL::add func(ctxt, reinterpret cast<QL::function t*>(blend fra prio),
"blend curves fra prio", category, r, 4, a);



QL::add func (ctxt,

reinterpret_cast<QL::function_t*>(blend swap prio),

"blend curves swap prio", category, r, 4, a);
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Appendix — Blending functions: Corresponding QLang
implementation

This is an example of how to write the blending functions in Appendix 5, using the Quantlab language
only. It is stated here for comparison to the code in Appendix 5.

curve blend curves depo swap (curve depo c, curve swap_ C)
option (category: 'Curve blending')
{
if (swap c.empty())
return depo c;
else {
depo ¢ = depo_c.chop long(v_min(swap c.instruments.maturity) - 1);
return merge (depo_c, swap c);
}
}
curve blend curves depo fra(curve depo c, curve fra c)
option (category: 'Curve blending')
{
if (fra c.empty())
return depo c;
else {
depo ¢ = depo_c.chop long interp (v _min(fra c.instruments.settle date));
return merge (depo c, fra c);
}
}
curve blend curves fra prio(curve depo c,
curve fra c,
curve swap_c)
option (category: 'Curve blending')

if (fra c.empty())

return blend curves depo swap (depo c, swap C);
else {

date chop d;

curve short c;

chop d = v min(fra c.instruments.settle date);
depo c = depo_c.chop long interp(chop d);

short c = merge (depo ¢, fra c);

chop d = v max(short c.instruments.maturity) + 1;

swap c = swap_ c.chop short (chop d);
return merge (short c, swap c);
}
}
curve blend curves swap_ prio (curve depo_c,
curve fra c,
curve swap_cC)
option (category: 'Curve blending')

if (swap c.empty())
return blend curves depo fra(depo c, fra c);
else {
fra ¢ = fra c.chop long(v _min(swap c.instruments.maturity) - 1);
if (fra c.empty())
return blend curves depo swap(depo c, swap_C);
else {
date chop_d;
chop d = v_min(fra c.instruments.settle date);
depo ¢ = depo_c.chop long interp (chop d);
return merge (depo_c, merge (fra c, swap c));
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Appendix — Exponentially weighted series functions

This is an example of how to calculate exponentially weighted versions of the series functions variance,
covariance and correlation. It is also an example of how to make the difference between the Quantlab
interface functions and the normal C++ functions not using QlLang types. The source code can be
viewed by opening the exponential_roll project, and it is not printed here due to its length.

The functions added to QlLang by the dll all take one or more series plus a decay factor and an optional
tolerance level. The first step is to check that the series are one-dimensional and that they are based
on the same range. After that, the series are translated into vectors (or matrices) defined for this
project in order to move away from the QlLang environment. In the translation process the “holes”
(null values) in the series are taken care of, making the resulting vectors tested and clean. The weight
vector is also filled with exponential weights at this step. The final step is to call the QLang-independent
function covariance_weighted, with the translated and tested input data. Covariance_weighted
returns the covariance between two series, and using this information the QlLang return objects are
filled with appropriate data for transport back to the Quantlab environment.

This implementation ignores the index (“day”) of a set of series where there is one or more “holes”,
removing them in the translation process. It will also cut off the calculations when the weight of the
remaining indices becomes smaller than the tolerance level. For example, with a tolerance level of 1%
(0.01, the default) and a decay factor of 0.97, calculations are based on the last 151 elements of the
translated series as the weights of 152 to infinity accounts for less than 1% of the total weight.

The exponential weight vector is constructed from the end. Starting at the ending element with the
weight of the decay factor, the element one step towards the beginning of the vector has this weight
multiplied by the decay factor. This continues for every element until the start of the weight vector.
The main mathematical advantage of this weight scheme is that if one value has been calculated for a
series, it is extremely easy to calculate the value of the series with one more element added. This
advantage has not been used in this implementation, so there’s plenty of room for performance
improvement!
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Appendix — User-defined yield curve models

By using the QL: :model create custom() it is possible to define your own yield curve model, which
can be fitted to a term structure by using the £it () function just as you would with any of the built in
models.

In the following example a new model custom ns () is created to implement the standard Nelson-
Siegel model in the same way as the built in ns () model. This is done by inheriting from the class
QL::custom model and implementing the four mandatory virtual functions:

#include <gl.h>
#include <math.h>
namespace
{
class custom ns : public QL::custom model
{
public:
/* Indices for the param vector. */
enum { BO, B1l, B2, T, N PARAMS };
static QL::custom model p create()
{
return QL::custom model p(new custom ns);
}
virtual int n params () const
{
return N_PARAMS;
}
virtual double default param guess (int p) const
{
switch (p) {
case BO: return 0.04;
case Bl: return 0.01;
case B2: return -0.03;
case T: return 3;
}
}
/* We need a lower bound on beta 0 for stability */
virtual double default param min(int p) const
{
switch (p) {
case BO: return 0.001;
default: return custom_model::default_param_min(p);
}
}
/* Dito upper bound on T */
virtual double default param max(int p) const
{
switch (p) {
case T: return 30;
default: return custom model::default param max(p);
}
}

virtual void disc_fact (const double *p,
int n,
const double *t,
double *df)
{
int i=0;
/*
* t[] is guaranteed to be sorted; we skip possible
* 0 maturities to avoid division by zero below.
*/
while (i < n && t[i] == 0)

df [i++] = 1;
while (i < n) {
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double t i = t[i];

double x_t =t i/ plT];
double e = exp(-x_t);
double r;

r = p[B0] + (p[B1l] + p[B2]) * (1 - e) / x t - p[B2] * e;
df [i++] = exp(-r * t 1);
}
}
private:
explicit custom ns ()
{}
~custom ns ()
{}
bi
}
static void create custom ns(QL::handle &h)
{
h = QL::model create custom(custom ns::create());
}
__declspec(dllexport) void gl init(QL::symtab &ctxt)
{
QL::arg_spec r;
r = QL::arg spec ("model");
QL::add func(ctxt, reinterpret_cast<QL::function_t*>(create_custom_ns),
"custom ns", "Yield curve models", r, 0, 0);



