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1.0 Usingthe KSP Math Library

1.1 Introduction
The KSP Math Library contains a number of trigonometric and logarithmic functions which may be useful
in avariety of Scripting Applications such as formant-corrected pitch bending, velocity crossfading, various forms of
tempo/pitch computation, etc. In addition, the library provides a number of very useful ‘volume control’ conversion
routines. For example, there are routines to convert volume ratio data to db or volume ratio data to the
corresponding Engine Parameter vaues, etc. Therefore, you can eadily perform an equa-power crossfade of two
notes or even two Kontakt Groups if desired.

By ugng the latest features of Nils Liberg's KScript Editor V1.25.6, the KSP Math Library can be
importedinto your host script without ‘bloating your code’. No data or code will be added to your script other than
that which is needed for the functions you actualy make use of. If your script doesn't cdl on any of the library’s
functions, no data or code will be added to your script. Yet, al of the library routines are dways ‘on tgp’ should
you heed them.

The source code for this library is well-commented and each routine is preceded by a header comment
block which details what the routine does and how your code needs to interface with it. It is not necessary for you
to understand how these routines work in order to benefit from them. It is only necessary that you know the function
they perform and how to interface with them. However, to help you to visudize how these functions can be used to
do something practicd, this User’s Guide contains some hands-on tutorials. These tutoriads (which begin in Section
2.0) illugtrate how to use the library routines to implement equa-power crossfading, EPXF for severa important
gpplications. The EPXF Tutorials use apar of smdl insgruments and a few demo scripts that you can experiment
with. The source code of the demo script scan be used, in conjunction with the tutorid text, as guiddines for
incorporating EPXF into your scripts.

1.2 TheMath Library Package
TheKSP Math Library is supplied in source-code form and can be viewed in any text editor but it is best
viewed in the KScript Editor. Moreover, the source code is not intended to be run by itsdf; the library must be
‘included’ in ahost script by means of theimport statement. If any of the identifiers used in the library are in conflict
with names that you have used in your host script, amply use the import as feature of the KS Editor. For example,
you could use import “KSPMathV2xx_KSM.txt” as BBM and then smply reference the libarary’s functions
and congantsusng aBBM .. ‘prefix’. The full KSP Math package contains:

1. KSP Math Library Source Module KSPMathV2xx_KSM .txt

2. EPXF Tutorid Demo Scripts XFadeDemo#l KS.itxt and XFadeDemo#2_ K S.txt
3. EPXF Tutorid Demo Instruments XFadeDemo#l.nki and XFadeDemo#2.nki

4. Usr’sGuide File K SPM athUser Guide.pdf

5. Technicd Guide File KSPMathTechGuide.pdf

6. K2 Panning Test Sourcefile K2PanTest K S.txt

Y ou won't need to read the Technical Guide if you just want to use some of the Math Library’s functions
inyour scripts. However, if you want to extend the Library or would like to modify some of its routines, or if you are
just interested in learning something about how the Math Library works, the Technical Guide will be helpful. The
Technical Guide discusses the dgorithmic details of each library routine and provides useful information on how to
change angular units, input/output scaing, overdl precison, etc. Overdl, the Technical Guide is just the sort of
reading materid you will want to curl up in acorner with; on somelong, rainy evening. ;-)
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2.0 Equal-Power Crossfading Tutorial

2.1 Background and Theory
One of the earliest applications of EPXF technology, was using it to solve a classic panning problem. With
the introduction of consumer stereo playback equipment (in the late 50s to early 60s), mixing boards added a stereo
L/R bus and with it, each input strip now included a Pan Pot (Panorama Potentiometer). Of course the ideawas to
take a bunch of mono sources and spread them between the consumer’s left and right loudspeakers to create a
dereo panorama. Combined with the rise of multitrack recording, mixdown dowly but surey became a post-
production operation.

The idea behind panning is very smple. If you send your mono sgnd only to the left bus, it will ultimately
come out of the consumer’s left speaker and sound like it's coming from that direction. Similarly, if you send the
sgnd only to the right bus, the sound will appear to be coming from the right Sde of the room. If you send equd
amounts of the mono sgnd to both the left and right buses, the sound will appear to come from between the
speakers (ie from the center). Early Pan Pots were smply two linear potentiometers ganged together on one
concentric shaft. The pots were wired oppositely so that as one was increasing its output, the other was decreasing
its output and vice-versa

If we were to make a plot of the left bus sgnd and right bus signd as we rotate such a pan pot from min to
max, we would get the classcal linear crossfade graph as shown by the Green Linesin Figure 1. But there was a
problem with this implementation. As you move a source from the extreme |eft to the extreme right, you would like
the volume to stay the same. For example, you may have painstakenly mixed a bunch a insruments with a trumpet
near the left Sde and now you decide you'd like it better if the trumpet was in the center. What you would like to do
issmply turn your trusty Pan Pot from left to center and be done with it. However, it was soon discovered that using
linear crossfading produced a noticesble drop of volume (about 3db) in the center of the fidd. So as you swing
dowly across the panorama from full Ieft to full right, the ears hear the volume dipping in the middlie and then
increasing again as you move to theright side.

Users with lower-cost mixing boards pretty much had to suffer with the problem, but thiswould never do for
the pros buying very pricey boards. It wasn’t long before high-end console makers concluded they needed to use
some kind of non-linear taper for their pan pots or €se use some compensating circuitry to level-out this ‘holein the
middl€ . It turned out that the solution to this *3db dip’ panning problem, asit got to be known, was to use EPXF
for reesonswhich I'll discuss shortly. I’ ve dso implemented a panning demo for you to experiment with when we get
to the hands-on part of thistutoria. Out of curiogity, | checked K2's panning using the KSP schange_pan function.
Since NI has implemented a lot of volume control and fade functions linearly, | expected to hear a 3db dip in the
center of their panning function. But, strangely, NI has actudly over-compensated with its rather peculiar panning
implementation in K2 and you can hear a definite lift of volume in the center! You'll be able to hear this for
yourself later as you exercise the various demos I’ ve prepared.

Before returning to the classic 3db dip problem, we need to adopt some notationa conventions. Whenever
we are doing a crossfade, there are dways two signasinvolved. In K2 it ismost often apair of notes or samples that
are both playing and we want to ‘morph’ from one to the other. Instead of numbering theseas 1 and 2, I'm going to
refer to these as 0 and 1. Thiswill trandate better later since the KSP uses zero-based arrays and we will often use
2-dement arrays to hold the various crossfade parameters for sgnd 0 and signd 1. Now, for the panning example
we are discussing, the two sgnds are the left bus and right bus voltage but we'll just refer to theseas V,, and V,

respectively.
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Linear and Equal-Power Crossfading

Now, if the maximum vaue of V, and V, is denoted as Vm, linear crossfading can be represented by
equations (1) and (2).
1) Vo=(1-p)Vm
(2) V,=pVm

In equations (1) and (2), p isapanoramic control variable which increases from 0 to 1 as we rotate from full
CCW to full CW. Thus initidly, when p = 0V, =Vmand V, = 0. Then,when p = 1, V,=0and V, = Vm.
However, notice that if we add equations (1) and (2) together we get equation (3) which says that the sum of V, and
V, isdwaysexactly Vm for any vaue of p between 0 and 1.

3 V,+V,=(1-p)Vm+pVm=Vm

Now, this might seem like exactly what we would want in order to keep the volume congtant across the
panorama o, why do we hear a dip in the middie? Well, since | promised to keep this smple, | won't get into a
lengthy discussion of coherent and incoherent sgnals, mixing in air, and the physics and pyscho-acoustics of hearing.
Ingtead, I'll give the smple answer that when two separate sgnas (of the type we usudly encounter in music) are
added together, the apparent loudnessis not related to the sum of the amplitudes of the signals but rather to
the sum of the power in each sgnd. Since power is proportiona to the square of the signd voltage, instead of us
keeping V, + V, congtant, (as we do with linear crossfading), we actually need to keep V> + V, congtant in order
to maintain equa percelved volume as we swing across the panorama.

Page 5



So now the question becomes, what function of p should V, and V, be so that V> + V,* remansfixed asp
varies from 0 to 1?7 Oddly enough, the answer lies in Trigonometry. Among the zillions of trig identities, there is one
that saysthe sine squared plusthe cosine squared (for any angle) always equals one, see equation (4).

(4) Sin’(g) + Cos’(g) =1

To utilize thistrig identity for our purposes we have to arrangeit so the angleq will vary from 0 to 90° as our
panning varigble p varies from 0 to 1. The Sine variesfrom 0 to 1 as q varies from 0 to 90° and the Cosine varies
from 1 to 0 as ( varies from 0O to 90°. So, if we map p to ( as shown in equation (5), we can write the needed
expressonsfor V, and V, in terms of our panning variable p as shown in equations (6) and (7). A plot of equations
(6) and (7) is shown by the two black curvesin Figure 1.

®) q=90p
6) V,=Vm-Cos(90-p)
(7 V,=Vm:-Sin(90-p)

Note that the equal-power curves cross over each other at a height of 0.707-Vm ingtead of 0.5-Vm asfor
the GREEN linear crossfade lines. For the EPXF curves & any value of p, we can obtain the value for V,* + V,°
by squaring equations (6) and (7) and adding them together as shown in equation (8).

(8 V., +V,”=Vm*Cos’(90-p)+Vm?>-Sin*(90-p) = Vm?[Sin*(90-p)+Cos’(90-p)] = Vm®

When we get to the hands-on demos, you'll be able to hear for yourself how uniform the volume is across
the panning fidd when usng EPXF contouring.

So, what thisamountsto isthat we have to dways arrange it so that our crossfade control variable (whatever
it might bein agiven gpplication) ismapped in such away that it will cover the range from 0 to 90° as we sweep over
our desired crossfade interval. For example, if we are using the Mod Whed to crossfade two samples, we have to
map the 0 to 127 range of the MIDI controller to the range of 0 to 90° using a function such as CV*90/127 where
CV isthe current vaue of the CC.

And, now isas good atime as any to mention that trig tables and agorithms can be constructed to work with
any kind of angular unit you want. There are several andard systems in common use but you could aso arbitrarily
say that aright angle contains 128 units and name them something like brads (for binary radians). It redly doesn't
matter what the angular unit is because you can dways map the crossfade control variable as needed. I'll say alittle
more about this later when we discuss usng the KSP Math Library trig functions (which happen to use 1000
divisions per right angle). Thereis dso a detailed discussion of thisin the Technical Guide.

2.2 Using the change vol Function

Now that I’ ve hopefully convinced you that we re going to need some means of obtaining sines and cosines
if we want to do EPXF, let’stalk about the KSP's change vol function that we will useto do dl our fancy volume
contouring magic with. Fortunately or unfortunately (depending on your viewpoint) the change vol function requires
that the control input be in mdb rather than just some percentage vaue. Actualy, since the ear hears logarithmically,
the db ratio system has been in broad use in the audio industry since dmost day one. And, apart from the occasiond
bothersome chore of having to look up or caculate alogarithm or two, the system is actualy quite convenient in that
it alows us to cascade amplification or attenuation modules and just arithmeticaly add their individua gainsin db to
get the overdl gainin db. But, whether we like the db system or not, the change_vol functiion requires usto useit.
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When dedling with voltages (or the sgnd amplitude counterparts in K2), the formula rdaing our linear
volume ratios to the equivalent mdb of gain is as given in equation (9) where V stands for ‘sgnd voltage’ and
would be either V, or V, when using our 0,1 subscript notation.

(9 G =20,000-log(Vs/Vm)

2.3 Wrapping It Up

Now let’s try to put dl this together. Suppose we trigger two notes that we want to crossfade using the
ModWhed. With the ModWhed at min, we want Note[0] to play at itsfull volume and Note[ 1] to play fully muted
(glent). Then, as we move the ModWhed from min to max we want to fade out Note[0] and fadein Note[1] such
that when the ModWhed is a max, we want Note[1] to be at full volume and Note[0] to be muted. Further, we
want to do this usng equa-power crossfading. Let’s arrange to put the numericd vaue of the ModWhed setting in
avariable named MWV and everytime MWV changes, we ll update a crossfade control varigble that we' [l name
XFV. XFV of course will be some function of MWV and that function will depend on the angular unit used by the
trig functions. For the KSP Math Library, the angular unit used is the deci-grad (abbreviated dg). The relationship
between dg and the more familiar degree sysemis 1000 dg = 90°. Therefore, when MWV changes, we want to
recdculate XFV = MWV*1000/127. Doing this resultsin XFV varying from 0 to 1000 as the ModWhed moves
from min to max (0 to 127).

Now if we compute the Cosine of XFV we will get a vdue between 0.0 and 1.0. When XFV = Q, the
Cosinewill be 1.0 and as XFV increases toward 1000, the Cosine will drop to 0.0. Smilarly, the Sne of XFV is
0.0 when XFV =0 and increases to 1.0 as XFV increasesto 1000. Now what does this mean insofar as what we
need to tell the change vol() function to do? For instance, when the ModWhed is about half way up, MWV = 64,
XFV will be about 500 and both the Sine and Cosine will be 0.7071 (thisis the crossover point for the functions).
Now, how do wetdll the change_vol function that we want each note to play a 70.7% of their full volume?

The answer is, we use equation (9) and plug in the vdue of 0.70711 for theratio of VJ/Vm. When we do
that we get G = -3010 mdb. And in this specid case (at the haf-way point) both notes should be st to this same
gan vaue (which is actudly an atenuation snce G < 0). Thus both Note[O] and Note[1] will be reduced by about
3 db from their max volume (instead of the 6 db they would be reduced with linear crossfading).

When using the change _vol function, we need to mention the 3rd parameter which specifies whether the
gain change is to be made reative to the initid volume of the note, mode (0), or rdative to the last volume setting,
mode (1). We would prefer to use mode 0 since we' re computing our gain relative to Odb (without regard to
history). However, if the note we're controlling has a velocity component in its initid volume, using O for the 3rd
parameter has a problem. You'll find this bug discussed in the Appendix of thisUser’s Guide but, because of
it, we have to use the last volume relative mode (1), and, this forces us to keep track of the accumulated level
relaive to Odb so we will know how to get back to Odb before we change to our new desired gain. If you are
contralling notesin a group that have no velocity modulation, you can use zero for the 3rd parameter and avoid this
complication. However, for the demo script, I’ ve assumed the more generd case of having to dedl with a possible
velocity modulation and so I’ veillugtrated how to use the change vol function in its rdaive mode ().

Now before we wrap up this theory section and move into the laboratory for some hands-on fun, let me say
this. If you found the foregoing to be a bit daunting, you'll be hgppy to know that you can incorporate EPXF into
your scriptswithout having to worry much about most of the foregoing. The KSP Math Library can do most of the
hard work for you. We're dso going to wak through some solid examples of using these library functionsin ared
working script that you can use as aguide for incorporating the EPXF function into your scripts. So now that you've
paid your dues, here comes the fun part ;-).
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2.4 The 1st Demo Instrument
The XFadeDemo#1.nki file included with the download package is a smple monoalith insrument complete
with samples and two demo scripts. It only contains two very short samples that are looped to provide a sustained
tone. One is that of a solo trombone playing F3 and the other is a solo clarinet (dso playing F3). | made this
ingrument complete with the samples so that everyone that uses this tutoria will be able to hear the same sounds.

The samples are laid out with the trombone on 3 keys and the clarinet on one key. Regardless of the key
assignments, the instruments only play their root pitch of F3. The key C3 is the trombone panned hard left while C4
is the trombone panned hard right. These two notes are used for the panning demo. The trombone is aso assgned
to E3 where it is panned to the center. The clarinet is assigned to G3 and aso panned to the center. These two
center-panned samples are used for the ModWhed, Ve ocity crossfade demo.

The main demo script isingdled in dot 2 (named * XFade Demo #1' on the tab) and there isa small bonus
script (to exercise K2's panning function) ingtaled in dot 3. Thislatter script should beinitidly bypassed. Mogt of the
hands-on stuff will just use the main script in dot 2 so leave dot 3 bypassed unless specifically mentioned otherwise.
This ingrument and the demos are intended to be run with K2 in the Standalone mode. Y ou should aso hookup
your MIDI keyboard because the demos will require you to use your Mod Whed and Pitch Whed.

2.5 Setting Up Your Speakers

To get the most from the panning demo, it is important that your monitors are well balanced. The best way
to check and st these is as follows. The main script in dot 2 normdly blocks al keyboard notes so banging on the
keyboard won't do anything. However, you can temporarily Bypass the script and then hit C3 and C4 on your
keyboard smultaneoudy and adjust the overdl listening level to be moderately loud but not uncomfortable. It should
never get any louder than this during the demos unless you raise K2's volume dider (which should be set at about O
db). Now, dternately hit C3 and C4 one a a time and you will hear the left-panned and right-panned trombone
tone. The idea is to sat the volume of your left and right spesker until C3 and C4 sound equaly loud (when played
individualy). The effect should be that the sound comes from the left (for C3) or the right (for C4) but at the same
volume leve. In other words, just the position should change, not the volume. Needless to say that you should pick
some comfortable place to St between your monitors (as if you were going to do a mixdown). Once you have
completed this balancing act, disengage the Bypass button for dot 2, re-enabling the script.

2.6 The Panning Demo
If you haven't dready done so, please baance your monitor speakers as described above. To run this
demo, click the ‘Panning Demo’ button in the upper left corner of the pand. Raise or lower your ModWhed for a
comfortable ligening leve. You should be hearing the sustained trombone sound coming from the center of the
dereo fidd.

In this demo, the Mod Whed acts as an overdl master fader with the Range knab limiting the maximum
attenuation. Typicaly, setting Range to about 75% will give you a nice smoaoth working range for volume control but
if the lowest setting of the Mod Whed is not sufficiently quiet, you can raise the Range knob toward 100% (or lower
it if you want to bring up the bottom end). If you do this while the Mod Whed is & min, you will hear the sound get
quieter as you increase the range and vice versa. In this demo, the Mod Whed is the primary control of the ATFade
routine. See Section 3.1 for a detailed description of the ATFade library function and how the Mod Whed and
Range controls interact.

You will also notice 4 display ‘windows on the panel that display pertinent crossfade data. For now, just
watch the 4th window (with the caption ‘Master Fader’) as you move the Mod Whed and/or Range knob. The
number displayed there is the overadl gain attenuation that is added to both the left and right channel notes (on top of
any atenuation given to those notes by the crossfade machinery).

Page 8



Now, set the ModwWhed for anormd listening level and then move the Pitch Bender dl the way down and
you should hear the trombone move to the left of your stereo field. Next, move the pitch whed dl the way up and
you should hear the trombone move way to the right of your stereo fidld. Now, hold the Whed a min and dowly
raise it up through the center and onward to the top. Y ou should hear the trombone move dowly from the left Sde
to the right side of your stereo fidd. If you have setup your speskers properly, only the position of the trombone
should change as it moves across the stereo panorama, the volume should remain congtant. Try this same dow
sweep (in both directons) at various different volume settings (Mod Whed positions). This is true equa-power
crossfading in action. As you are moving the Pitch Whed, note the first 3 display windows. The first window shows
the crossfade control variable which should swing from 0 to 1000 as your Pitch Whed moves from min to max.
When this demo is started, the script triggers both the C3 and C4 notes. The crossfade machinery then sets the
individua atenuation amounts for these notes. So, as you pan with the Pitch Whed, note the 2nd and 3rd windows
and watch the attenuations in mdb. When you are done playing with this demo, click the ‘Panning Demo’ button
again to stop the demo.

Now before going on to the 2nd demo, you may want to listen to NI's panning function. If so, sdect the
script in dot 3 and disengage the bypass button. Then click the button labeled *KSP Panning Test’. Y ou can now
use the Pitch Whed to pan from left to right just as you did with the EPXF panning demo (but it will dways be a
max volume, ie this script has no master volume control). When you dowly sweep from left to right, it should sound
like it gets noticeably louder in the center. A +3db ‘bump’ in the center is a naturd consequence of NI's
implementation of the panning function. When you' re done playing with thistest, click the* KSP Panning Test” button
again to stop the test and then turn on the Bypass button and return to the script in dot 2.

2.7 TheVe Xfade Demo

For this demo, the Mod Whed controls the crossfade and optiondly the volume. This demo dlows you to
crossfade or “morph’ the clarinet timbre with the trombone timbre. To start the demo, firgt set the Range knob to
zero and then set the Mod Whedl to min. Now, click on the button labeled ‘ Ve XFade Demo’. Y ou should hear a
sudtained clarinet tone. Now, move the Mod Whed dowly from min to max and the clarinet should become a
trombone. Of course this isn't usudly how you would use this function. Normaly, the clarinet sound would be a
lower volume sample of the same trombone. In other words this demo isto illustrate how you could use EPXF to do
velocity crossfades with the Mod Whed (or any other MIDI CC). | used a different timbre (the clarinet) so your
ears could more easily distinguish how the two sounds are crossfading.

Now normdly if you control velocity layers with the Mod Whed, you may dso want to have the volume
increase as you raise the Mod Whed. So for this demo, the Mod Whed hasadud role. It isfirsly assgned as the
Crossfade Control Variable, but secondly, it is dso assgned to the AT Fade function. So, if you set the Mod Whed
to minimum and then dowly raise the Range knob, the clarinet will sart to get quieter. You would ordindly st this
level to be that which you desire for the minimum volume of the veocity-layered ingrument. Once you have set the
Range knob for the min volume desired, if you then raise the Mod Whed, the clarinet (the lower velocity layer) will
crossfade into the trombone (the upper velocity layer) but a the same time, the volume will increase.

For this demo there is no actud Master Fader but you could easly add one because the ATFade function
can be ‘cdled” multiple times by various controllers and functions. I'll say more about this as we are ‘waking
through' the code of the main script. When we control the pair of notes from more than one source like this, the db
system redly works to our advantage. In the first demo, the Pitch Whed controls the crossfading which in turn
generates an attenuation amount for each note. In addition, the Master Fader generates an overdl attenuation. With
the db system, we need merely add the channd attenuation to the Master Fader attenuation before sending it to the
change vol function. If we were using alinear control system we would have to multiply each of these attenuation
control vaues and, with only integer arithmetic thiswould likely require some messy interim re-scaling effort.
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2.8 Strolling Through the Source Code
Included in the tutorid package is atext file named XFadeDemo#1 K S.txt. You should load thisfile into
the KScript Editor so you can view it comfortably with syntax highlighting and line numbers. Please do not try to
understand the source code by viewing it in the KSP editor — Big Headache! Note: if you want to compile the
source script, you need to use V1.25.6 or higher of the KS Editor and you aso need to put the file named
KSPMathV2xx_K SM .txt in the same folder snce X FadeDemo#1 imports the KSP Math Library.

2.9 The NewDemo and NewVolume Routines

Firg we'll examine the two routines that start the note pair and handle the crossfading and volume contral.
This isthe area we need to concentrate on in order to clearly see how the KSP Math Library isused. Later we'll
surf the rest of the code so we can get the genera idea of how these routines can be invoked. Refer now to the
routine named NewDemo (line 162 of the source code). This routine is invoked when we first click on either the
Panning Demo or Vel XFade Demo buttons. If the Panning Demo button is pressed, XNote[0] and XNote[ 1]
is st to MIDI note numbers named L eftNote and RightNote (which trigger the left-panned and right-panned
trombone notes). On the other hand, if NewDemo is invoked because of pressng the Vel XFade Demo button,
then XNote[0] and XNote[1l] are set to the MIDI note numbers named ClarNote and BoneNote (for the
center-panned Clarinet and Trombone respectively). Once the XNote parameters are set appropriately, the pair of
play_note functions are cdled to trigger the specified pair of notes and the note IDs are saved in the xid array. As
alast step, both dements of the Odb array are reset to zero. This array will contain the gain/attenuation vaue that
must be added to the *current gain’ of each note to get back to Odb. And, sSince we have just started the notes at full
volume, they are currently sitting at alevel of Odb and therefore need zero change to ‘ get back’ to Odb.

Now take a look at the next routine named NewVolume (line 176). This routine is invoked whenever
anything happens that requires the gain of ether, or both notes to be changed. This could be caused by a changein
the panning control, the Master VVolume control, or the Range knob. Or, it could be aresult of having just Sarted a
demo. Notice from our discusson in the last paragraph that when the pair of notes are triggered, they are both
triggered at full volume regardless of the settings of the Mod Whed, Pitch Whed, or Range knob. So obvioudy,
NewDemo mus be followed immediately by NewVolume so that the desired attenuation for each note of the pair
can be established befor e the notes sound. Now let’ swalk through the NewVolume code.

The first thing we do is set the crossfade control variable named XFV (which we want to vary over the full,
right-angle range as we make the crossfade). For the current KSP Math Library (as mentioned previoudy) the
angular unit is the deci-grad, so we want to map our crossfade control so XFV will vary from 0 to 1000. However,
snceit is possible to change the angular unit for the library, the most convenient way to map a controller to XFV is
to use the library-supplied constant named Ang90. For the current trig function implementation, Ang90 is defined as
1000, meaning there are 1000 angular units in a right angle. However, if the library is dtered to use a different
angular unit, the vaue of Ang90 will aso change accordingly. So, if you use Ang90, ingtead of the literd vaue of
1000, your script will ill work properly even if later the library is changed to use a different angular unit. Note:
Ang90 isavallable for your use only if your script references one or more of the library’ s trig functions.

Continuing now with the NewVolume routing, if we are running the Panning Demo, we want XFV to vary
from 0 to Ang90 as the Pitch Whed varies from -8192 to +8191. And since we keep the Pitch Whed vaue in the
variable named PWV, we use the mapping function XFV = Ang90* (PMV + 8192)/16383. On the other hand, if
we're running the Vel XFade Demo, we need to map the Mod Whed (whose vaue we have in the variable named
MWYV) to XFV, which we do using the function XFV = Ang90* MWV/127.

Next, we want to set the relative attenuations for xid[0] and xid[1] according to the vaue of XFV and the
attenuation determined by the ATFade function (which in turn is based on the Range knob setting and the Mod
Whed vdue MWYV). Let’swalk through thisline by line starting & line #187.
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Firg we cdl the library routine ATFade, giving it the two input parameters MWV and Range, and the
routine returns the appropriate attenuation in the loca variable named MVol (for master volume). This value as
supplied by ATFade isaready in mdb (just as we need it). Refer to Section 3.0 for a more detailed description of
this library function and how the Mod Whed and Range controls interact. Next, we cdl the library routine SinCos
with an input of XFV deci-grads. We take the two output vaues from SinCos and put them in the loca varigbles
named Vol[0] and Vol[1]. We put the Snein Vol[1] and the Cosnein Vol[0] because note O is the one we want
to fade out while note 1 is the one we want to fade in as XFV swings from 0 to 1000. Now the non-scaed sine and
cosine have vaues between 0.0 and 1.0 but because we only have integers in the KSP, the routine SinCos
generates the sine and cosine scaled by 10,000 and presents them as integers. Thus, if we wanted to know the ‘red’
sne and cosine we would need to divide the outputs of the SinCos routine by 10,000. Note that at this point, the
vauesin Vol[0] and Vol[1] are Val[0] = 10000-V ,/Vm and VVol[1] = 10000:V,/Vm. So, the next thing we have to
do is convert these ratios into mdb for the change _vol function.

Now, since we are going to have to convert two ratios to madb and then set the required volume change for
the two playing notes, this might suggest some economy if we used a smdl loop. The double cdls to change vol
don’'t take up much space because these are real functions that NI provides. However, the Get_db library function
has to be expanded inline and therefore it would be desireable not to ‘cdl’ it any more often than we need to
because each linear cdl will expand the code inline again. This is the main reason | used a loop for the next
operations. Thisis aso one reason why it’s convenient to keep all these crossfade parameter pairsin arrays. o, let’s
walk through the first pass of the loop now with n = O (darting & line 190). First we cdl the library function named
Get_db withaninput of Vol[0] and place the output in the locd array dement Atn[0]. Let’s seeif we can figure out
what this does. If you read the header comments for the library function Get_db, you'll see that it requires an input
ratio scaled by 10,000 and it then generates the equivalent vaue (for the ratio) in mdb. So if we give the routine
Vol[0] which as stated previoudy contains 10000-V /Vm, then Get_db will give us 200001 og(V ,/Vm) as an output
(in mdb) which we place in Atn[0]. So we now have converted our rétio of V,/Vm into the equivalent mdb. Line
191 now adds Atn[0] to MVol and puts the result in Vol[Q]. Thus, Vol[0] now contains both the crossfade
attenuation plus the Master Volume attenuation. Remember that in the db system, you just add attenuations (or
gains) to multiply their effects. Now, since we have the tota amount we want to reduce the note O volume by
(rdlative to Odb) we can now cdl change vol. We do this on line 192 where we give change vol the ID for note
0, xid[0Q], and then give it the attenuation needed rddive to its last known gain in 0db[0]. The way to look & thisis
that we need firg to raise the gain by the amount in 0db[0] (which gets it back to Odb) and then we need to set the
gain to our new desred vauein Vol[0] (which incidentdly is negative because it' s redly an atenuation rather than a
gain). The last thing we do in the loop body (1ine193) is to update the variable 0db[ Q] to the new gain vaue that will
restore the volume to Odb. That vaue of course is the negative of the attenuation we just used, namely —Vol[Q]
(which makes 0db[0] a postive vaue or an actud gain amount).

The loop then swings back to line 190 with n = 1. So the whole process now repedts, only this time the
arrayswill beindexed with 1 instead of 0. So, we call Get_db with aninput of VVol[1] = 10000-V,/Vm and get back
Atn[1] in mdb. We then compute Vol[1] = Atn[1] + MVol as the combined crossfade and master volume
amounts. So now we cal change vol with xid[1] asking for anew attenuation of VVol[ 1] for thisnote. To do thiswe
firg raise the gain back to Odb using the gain vaue in Odb[1] and then change the gain to the attenuation amount in
Vol[1]. Findly, we update 0db[1] to —Vol[1]. The only thing remaining in the NewVolume routineis a cdl to the
display update routine named ShowData. Of course you normdly wouldn’t display this datain your scripts, except
maybe for test purposes. It may aso be worth mentioning that when your script uses any of the logarithmic functions,
induding Get_db, the library makes available a constant named M uted. Thevadue of M uted is currently defined as
-200,000 mdb. Y ou can use this constant in your script as is done in the ShowAtn routine.
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2.10 About the Library Functions

Before we run through the rest of the code, let me point out some things about the KSP Math Library.
Firg off, read the header comments. Y ou don't have to study the routines themsalves and how they are coded, but,
you should become familiar with how you interface to them if you expect to get any benefit at dl from them. Print out
acopy of the source code file and look &t it. The opening comments include an dphabetica list of the Functions the
library contains, dong with abrief summary of what each function does. But before you actudly try to use afunction,
find the function itsdlf (they’re coded in aphabetical order within their classifications) and read its header comments.
Preceding each function is a header with a detailed description of what the function does and what the parametersin
and out are dl about.

Note for example that the SnCos routine has the same output scaling as the input scaling required by
Get_db so the two routines dovetall nicely and don't require any parameter rescaling in between. | aso want to
point out that in V200 of the Math Library, the names of two of the Functions have changed. The full angle
versons of the trig functions have been grouped with the extended log functions and their names have been changed
from FSinCos and FTangent to XSinCos and X Tangent for consgstency. Also, in V200, the input argument range
for thefast log functions Ln, L og2, and L 0g10 has been increased to amax of 65,536 (insteed of 16,384 asin the
prior version of the Math Library). In addition, V200 has 10 new functions, including some that will be very useful in
working with Engine Parameter volume control. There are 3 extended range log functions XLn, XL og2, and
XL og10 that provide more accuracy than their DeV os -gpproximation counterparts and in addition alow an input
argument covering the entire positive number range from 1 to 2,147,483,647. The 3 corresponding exponentia
(antilog) functions are o provided. Findly, there are now atotd of 5 volume control format conversion routines
(induding the former Get_db). This set of routines collectively will dlow you to easly convert ‘every which way’
between things like Volume Ratio, Gain in mdb, and Engine Parameter control of the volume function.

2.11 Pseudo Calling

Now, before we go surfing through the rest of the Demo Script code to see how the NewDemo and
NewVolume routines are invoked, let’s talk a little about one of the KSP catch-22 problems. The KSP doesn't
support true user functions and on the other hand it does't work too well with very large scripts either! Thisiskind
of a‘double whammy’ gStuation. And, while the KS Editor alows us to write nicely modular code at the source
level, when the code is compiled and actually loaded into the KSP, dl those compact invocations of user functions
have to be expanded inline. So if you haveto ‘cal’ auser function multiple times, the K2-ready, ie KR code can get
very large (even though the KS source code is nice and compact). Because many of us are writing fairly ambitious
scripts, we have to be very inventive and try to work around this ‘ catch-22' situation. So, often times you will see
certain tricks being used to smulate caling a function or procedure. What we want to be able to do isto invoke a
routine multiple times but only expand the code body once (just like a redl user function). One such trick, which
works when aroutine is used multiple times in one location, is to use aloop smilar to the one we examined in the
NewVolume routine. There are severd variants of thisideain use. Sometimes the loop has to be structured smilar
to an FSM (Finite State Machine) so that a more complex variation in the parameters can be handled but still with
only one inline expanson of lengthy routines. Other times the loop will involve a wait() function cdl or two to
‘handshake’ with some other code elsewhere (perhaps in a different cdlback).

As we gart to run through the remainder of the demo script, we'll see another common trick that can be

used to avoid multiple inline expangion of routines that must be called from multiple places. This technique might
be called ‘ pseudo-calling’ or perhaps ‘remotetriggering’.
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There are dso many variations on this theme in use but the generd ideais fill the same. Y ou basicaly ‘ cock
the gun’ one place in your code and ‘fire the gun’ some other place. The ‘gun-firing’ location (generdly in the RCB)
usudly contains a single, inline expangion of each routine whereas the * gun-triggering’ machinery is scettered around
in the code (but hopefully uses short sequences to do the triggering).

For an example of the pseudo-calling technique being used in the demo script, let's look at the on
controller calback beginning at line 106. The demo script islooking for activity from ether the Mod Whed or Pitch
Bender. If either has changed, and thus produces a controller callback, lines 108 and 109 updates the globa
variables named MWV and PMYV. Then, before dismissing the calback, we see the user function reference
Call(UpdateVolume). Obvioudy when either MWV or PMV changes, we will need to change our note-pair
volume settings by executing NewVolume. This‘cdl’ to Update Volume will accomplish just that. So, let’stake a
look at how thisis done,

We begin by examining two support functions named Call (line 140) and XEQ_Call (line 148). Call isour
‘cock-the-gun’ or trigger function so let’s walk through it. Line 141 tests a globa flag named CallActv. The demo
script usesasmple, ‘one-at-atime’ Strategy because dl calls are basicaly for the purpose of ‘forcing *an update of
volume. In amore generd Stuation where cals may not be so conveniently related, we would need a more complex
gate-keeping function. But, for this demo script, we smply don't do anything if CallActv is dready set. However,
assuming that no other cal operation is‘doing itsthing’ or pending, Call Actv will be off and theif body will execute.
When it does, line 142 sets the CallActv flag so no other cals can be made until this one completes. Then line 143
sets the globd variable named Actions to the bit-mapped arguments passed to the Call function. For the demo
script, there are only two *callable’ commands named StartDemo and UpdateVolume.

StartDemo and UpdateVolume are predefined constants whose values need to be distinct integer powers
of two. Specificdly, StartDemo = 1and UpdateVolume = 2 If we had additional commands they would be
encoded as 4, 8, 16, etc. The power-of-two thing is used so that these ‘command’ constants can be added together
to form one Action parameter set that can easily be decoded at the ‘gun-firing' point as we' |l soon see.

Findly, line 144 cdls on the KSP play_note function to generate a short MIDI note 0. In the case of the
demo script, we know this note # is not being used but, it's probably a pretty safe bet in generd that this subsonic
note will not be in use. The reason for this ‘fake note' is to ‘force’ a release calback, RCB, to occur. The
‘gunfiring’ routine named XEQ_Call is placed in the RCB and is waiting for such triggers to occur. When we
invoke the play_note function, we also store this note's event id in the globa variable named Call_id.

Now, take alook at XEQ_Call on line 148. On line 149 we check to see if the cause of this RCB isour
‘fake cdl note. If not, we bypass this routine on the assumption that this RCB results from some ordinary note
ending. But, if the RCB isinvoked with an event id of Call_id, then we execute the body of the routine. On line 150
we test Actions to seeif the bit for StartDemo ison. If o, we cal the NewDemo routine. Next, on line 153, we
test Actions to seeif the bit for UpdateVolume ison and if so, we cdl the NewVolume routine. Findly, we turn
off the CallActv flag so that other cals can now be accepted.

Note that lines 151 and 154 are the only places in the script where NewDemo and NewVolume are
actudly inline expanded. Yet, aswe |l see, these routines are “called’ from severd placesin the script. Again | want
to emphasize however, that it's not dways quite as smple as this. When we have more action routines that are only
loosdy related, we can't dways get by with this Smple one-at-a-time idea. However, the basc scheme is il
workable, it just needs to be embdlished somewhat. For example, ingead of just usng a globd id varidble like
Call_id, when we invoke the play note function, we can store an identifying code in one of the four event-
parameter dots (newly added in K2.1). Then when the RCB drikes, we test the event for this specid identifying
code to help sort things out.
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We can aso pass the Action information in one or more of the 3 remaining event-parameter dots. If we
do it thisway, we don’'t need agate-keeper at the cal points because we can just dlow multiple ‘ concurrent’ calls.
This is possible because, regardless of the arriva order of the note O events at the RCB, each event is uniquely
tagged and can thus be dedlt with correctly. There are alot of posshbilities for variaions here but | think this should
give you the generd idea. Since this pseudo-call scheme does't actualy make a‘return’ to the cdl point, the name
is somewhat of a misnomer. So maybe Task-triggering would be a more accurate name.

My new Interscript Operating System for K3, uses a very advanced form of pseudo caling that actualy
does mimic the behavior of the traditiona subroutine call/return process in that the ‘cadled’ function actudly returns
to the called location when it completes. The 1OS supports both local Subroutine and Task pools and subroutine
cals can be nested to any desired depth. In addition, the 10S supports a Common Subroutine Library that can
resdein any one of the 5 script dots but whose routines can be “ called’ from any script dot without replication of the
code. Because of this powerful code-saving feature, the KSP Math Library has been updated for K3 and will be
made a standard part of the Common Library. Thus, with the 10S ingdled, you will be able to invoke any of the
Math Library’s functions from any script dot without any further inline expansion of any of the caled routines.

One other point worth mentioning here is that the pseudo-call idea has val ue beyond keeping the compiled
code sze smdler. There are times when you will want to invoke a function like a volume update from a ui_control
cdlback. And, even if you don't care about the code size, you may not be able to code the update routine inline
because certain KSP functions cannot be executed from a ui_control callback. For example, the change_vol and
change pan functions. So, in case you were thinking that | introduced an unneceesary complication into these demo
scripts by using pseudo caling, I'll point out a few examples of where it solved just such a problem; as we now
‘watz through the coding’ of the calbacks.

2.12 Callback Coding

The on note cdlback smply uses ignore_event so that banging on the keyboard won't do anything (since
it was intended that only clicking one or the other of the Demo buttons would start the sound). Of course if you do
‘bang on the keyboard', it will produce a barrage of RCBs but none of them will have the correct id associated with
them so these events will be ignored. The RCB, or on release cdlback only contains the XEQ_Call routine as
dready discussed. The on controller calback was aready looked at in the pseudo-calling discussion and, you
may recdl that it is one of the places where a pseudo-call to UpdateVolume is made. Next we come to the
PanDemo cdlback garting at line 114. Line 115 turns off any sounding notes in case we are switching fromthe Vel
XFade Demo or if we are Smply ending the PanDemo. Next, if the PanDemo button is on (meaning we have just
asked to gart this demo), we turn off theVelDemo button (in case it was ill on) and then we make a pseudo-call.
This time we st Actions to both StartDemo and UpdateVolume so in the RCB, XEQ_Call will invoke both
NewDemo and then NewVolume.

If the PanDemo button is off when this calback occurs, we set PanDemo = 0. Strictly spesking thisian't
necessary but | did it because when a button is just clicked off, the labeling becomes fainter and harder to read.
Overtly sdtting it to O with an assgnment statement brings it back more legibly. I'm not sure why NI chose to have
buttons with 3 visble gstates like this. Next we come to the VelDemo button cdlback gtarting on line 124. This
coding isamog identicd to that of the PanDemo and you should be able to follow it easly. It dso ends up doing a
pseudo-call with Action set to both StartDemo and UpdateVolume.
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Then findly, we have the Range knob calback. This one merdly makes a pseudo-call to UpdateVolume.
Now notice that the NewDemo is executed (via StartDemo) from two locations and both are ui_control
calbacks. Also notice that NewVolume is executed (via UpdateVolume) from atotal of 4 places and 3 of them
are ui_control calbacks. We need to update volume whenever we start a new demo and whenever a pertinent
controller is changed or when the Range knob is changed. 1t would not be possible to inline NewVolume inthe 3
ui_control calbacks because NewVolume uses the change vol function which NI disdlows in ui_control

calbacks. So these are good examples of one of those aternate benefits of the pseudo-call technique that | dluded
to earlier.

Findly, if | werewriting thiskind of script for general use, | would probably add some additional safeguards.
For example, you might want to be sure when a controller changes that there are notes sounding (ie that thexid array
has legitimate current event numbersin them) before calling NewVolume, etc. However, | thought that sort of thing
would only clutter up the code and somewhat obscure the things we are trying to focus on. So, if you see some holes
like that in the code, don’t be too harsh on me ;-)

Page 15



3.0 The ATFade Function

3.1 Description
The ATFade function is intended to be incorporated into a host script that requires overal volume control
to be handled by a MIDI CC acting as an Audio-Taper Fader. This function is called with 3 parameters as follows.
ATFade(cv,rng,atn). ‘cv' isan input value, 0..127 from the desred MIDI CC. ‘rng’ isan input vaue, 0..100%
from a user adjustable Range control and ‘atn’ isthe output audio-contoured attenuation in mdb.

The dectronic equivaent of K2's MIDI CC control is shown in Figure 2 The ATFade function operates
inagmilar way except that with ATFade, the contouring of the MIDI CC is more like that of atraditiond *audio
fader whereas in K2, the contour of the potentiometers is smply linear. So, when you assign a CC to modulate the
amplifier in K2, some of the most-needed volume levels are cramped together in a smdl region of the CC's trave.
ATFade on the other hand, spreads the most-needed attenuation range of 0 to -25 db across the top 60% of the
CC'stravd (just like a real mixing-board fader). In addition, by setting a suitable vaue for the Range parameter
(equivdent to K2's Intengity dider), you can narrow the totd range of the CC by bringing up the bottom end. This
is equivaent to removing the lower end of the fader scale and then diretching the remainder back to the full size (see
Figure 3). With such tapers, you can easily control volume expressively.

Figure 2
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4.0 Crossfading Instrument Groups

4.1 Introduction

There are often dtuations in which you may want to use the Engine Parameters to control instrument group
volume. For example, you might want to do Mod-Whed crossfading of velocity groups just as many libraries do by
putting the samples for each velocity layer into their own individud groups. Such libraries usudly assign the Mod
Whed as a volume modulator and use ReScaing curves to determine how the velocity groups are faded in and out
over the Mod Whed’ s 0 to 127 range. However, with script control, instead of using the ReScale graphs to contour
the Group crossfades, you can easly use EPXF (true Sin/Cos shaping) by using the Math Library functions to
control the Engine Parameters for Group Volume. V200 of the Math Library provides severd new routines which
will enable you to do this sort of thing quite easlly. A second Demo Instrument and script have been added to the
tutorid to illustrate how this sort of thing can be done.

4.2 The 2nd Demo Instrument

The XFadeDemo#2.nki file included with the download package is a Smple monoalith insrument complete
with samples and a demo script. The instrument is constructed with 2 groups (ie Groups 0 and 1, labeled ‘Lo Ve -
Clarinet’ and ‘Hi Ve - Trombone'). The sounds are made from two very short samples that are looped to provide
asudtained tone. One is a solo clarinet playing F3 which is assgned to the F3 key of Group 0 and the other is that
of a solo trombone (also playing F3) and assigned to the F3 key of Group 1. Both samples in both groups are
panned to the center. By crossfading Group 0 and Group 1 you can ‘morph’ the Clarinet into the Trombone (or vice
versa). Of course normaly you would be using lower and higher velocity samples of the same ingrument but for this
demo, using the two different timbres makesiit easer to hear the crossfade in action.

4.3 Running the Demo
Demo Script #2 isintended to perform in amanner smilar to the Ve X Fade mode of Demo Script #1 except
that instead of crossfading a pair of notes, the Instrument Groups are crossfaded using the Engine Parameters that
control Group Volume. The demo can be run by clicking the GroupX Fade button and the demo can be stopped by
clicking the button again.

When the demo is started, a single F3 note is generated. But, because both Group 0 and Group 1 are not
‘qudified’ in any way, the F3 zone of each group is activated. By setting the VolRange knob to 0%, the Master
Fader control will remain & its maximum of zero db and the Mod Whed will only control the crossfade volume of
the two groups. The first box on the left digplays the crossfade variable mapped to the 0 to 1000 range. The next
two boxes display the Group 0 and Group 1 Volume in db. If the Master Fader VolRange knob is set to something
higher than 0%, the Mod Whed will dso control the overdl volume of the samples. Except for the fact that the
crossfade is done with the Engine Parameters contralling the two groups, instead of the change vol() function
operating on a pair of notes. the performance of this demo script is essentidly identical with that of the Vel XFade
demo mode of Demo Script #1.

4.4 The Sour ce Code
For this discussion, load the file named XFadeDemao#2_ K S into the K Script Editor for viewing (or print
it out). The primary difference between this demo script and Demo #1 is in the NewVolume function. Note thet the
measter volume control M Vol only need be gpplied to the single note (see line 143) and so is done outside of the *for
loop'. After computing the needed volume ratio fractions via the SinCos routine, VR[0] contains the volume ratio
needed for Group Owhile VR[1] contains the volume ratio needed for Group 1 (these are of course scaled by
10,000).
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At this point in the Demo #1 script we needed to convert these ratios to mdb for the change_vol() function
to control the relative volume of each individua note of the pair. However, for this demo, we need to convert the VR
ratio datainto their equivaent Engine Parameter vaues. This is done with line 147 by using the VR_to_ep function.
The corresponding ep control vaue (in output variable EPV) isthen sent by line 148.

The ShowData function has dso been changed to display the Group VVolume in db by reading the display
ep, see the routine named ShowGr oupAtn on line 161.

Appendix

The change vol(x,y,0) Bug

The change vol() function using ar elative bit = 0 does not work right after await() function cal. For ex-
ample try the following with some vel ocity-sensitive ingrument:

on init
declare $New_ID
end on

on note
ignore_event($EVENT _ID)
$New_ID := play_note(60,30,0,-1)
change_vol($New_ID,0,0)
Wait(2000000)
change_vol($New_ID,0,0)

end on

When you hit akey, the note C3 is generated with avelocity of 30. The change_vol function cdl is sup-
posed to change the volume by 0 db relative to the notes initid volume leve (which should be no change). Thefirst
change_vol function works correctly and makes no change to theinitial volume. However, after the two-second
delay when the 2nd change_vol function is cdled, you will hear the volume jump up. Apparently after await cal,
the note velocity's effect is forgotten because the volume leve isthat of a C3 with velocity = 127.

The change vol function seemsto work OK when using arelative bit = 1 soif you keep track of your ac-
cumulated changesin avariable '$A" you can work around this problem by using:

change vol($New_ID,v-$A,1)
To dmulae
change vol($New_ID,v,0)

Where $A contains the accumulated volume changes since the origina note and 'v' is the amount of volume change
that you want relaive to the origina note's volume.
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