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1.0 Using the KSP Math Library

1.1 Introduction

TheKSP Math Library provides a number of higher-order functions froigonometry and algebra,
which may be useful in a variety of scripting apgations such as formant-corrected pitch bendinigcity
crossfading, various forms of tempo/pitch compotatietc. In addition, the library provides a numbgér
very useful format-conversion routines. For examilere are routines to convert volume ratio datalt or
volume ratio data to the corresponding Engine Patamvalues, etc. In addition, many of Kontakt’s
non-linear control characteristic curves have beeverse-engineered’ so that you can easily uséneng
parameter control without the need to build lamgklup tables in an attempt to ‘fit these functions’

By using the latest features Nils Liberg’s KScript Editor V1.25.6 (or higher), theKSP Math
Library can bemported into your host script without ‘bloating your cod®&lo data or code will be added
to your script other than that which is neededtha functions you actually make use of. If yourigcr
doesn’t call on any of the library’s functions data or codewill be added to your script. Yet, all of the
library routines are always ‘on tap’ should you chégem.

The source code for this library is well-commengetl each routine is preceded by a header
comment block which details what the routine dosd laow your code needs to interface with it. Ihet
necessary for you to understand how these routuoek in order to benefit from them. It is only nesary
that you know the function they perform and howntierface with them. However, to help you to viszel
how these functions can be used to do somethinctipay thisUser's Guide contains some hands-on
tutorials. These tutorials (which begin in Sect®@) illustrate how to use the library routinesrgplement
equal-power crossfadingPXF for several important applications. TEEXF Tutorials use a pair of small
instruments and a few demo scripts that you caer@xent with. The source code of the demo scripts ¢
be used, in conjunction with the tutorial textgasdelines for incorporatingPXF into your scripts.

1.2 The Math Library Package

The KSP Math Library is supplied in source-code form and can be vieweahy text editor but it
is best viewed in th&Script Editor . Moreover, the source code is not intended toumehy itself; the
library must be ‘included’ in a host script by meaof theimport statement. If any of the identifiers used in
the library are in conflict with names that you Baised in your host script, simply use itheort as feature
of the KS Editor. For example, you could usmport “KSPMathV2xx_KSM.txt” as BBM and then
simply reference the libarary’s functions and cantt using 8BM. ‘prefix’. The full KSP Math package
contains:

1. KSP Math Library Source Module KSPMathV2xx_KSM.txt

2. EPXF Tutorial Demo Scripts XFadeDemo#1 KS.txtand XFadeDemo#2_ KS.txt
3. EPXF Tutorial Demo Instruments XFadeDemo#1.nki and XFadeDemo#2.nki

4. User’'s Guide File KSPMathUserGuide.pdf

5. Technical Guide File KSPMathTechGuide.pdf

6. K2 Panning Test Source file K2PanTest KS.txt

You won't need to read th€echnical Guideif you just want to use some of the Math Library’s
functions in your scripts. However, if you wantdrtend the Library or would like to modify someits#
routines, or if you are just interested in learnsiognething about how the Math Library works, Treehnical
Guide will be helpful. TheTechnical Guide discusses the algorithmic details of each libratine and
provides useful information on how to change angulats, input/output scaling, overall precisiong.e
Overall, theTechnical Guideis just the sort of reading material you will wamtcurl up in a corner with; on
some long, rainy evening. ;-)
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2.0 Equal-Power Crossfading Tutorial

2.1 Background and Theory
One of the earliest applicationsEBIPXF technology, was using it to solve a classic pagpiroblem.
With the introduction of consumer stereo playbagkipment (in the late 50s to early 60s), mixingrosa
added a stereo L/R bus and with it, each inpup stow included a Pan Pot (Panorama Potentiome&dér).
course the idea was to take a bunch of mono soarwkspread them between the consumer’s left ghd ri
loudspeakers to create a stereo panorama. Comwittethe rise of multitrack recording, mixdown sligw
but surely became a post-production operation.

The idea behind panning is very simple. If you sgadr mono signal only to the left bus, it will
ultimately come out of the consumer’s left speal®d sound like it's coming from that direction. Sarly,
if you send the signal only to the right bus, thers will appear to be coming from the right siddhe
room. If you send equal amounts of the mono sigmbabth the left and right buses, the sound wiliegr to
come from between the speakers (ie from the ceriar)y Pan Pots were simply two linear potentieret
ganged together on one concentric shaft. The pets wired oppositely so that as one was increasing
output, the other was decreasing its output anetversa.

If we were to make a plot of the left bus signad aight bus signal as we rotate such a pan pot from
min to max, we would get the classical linear diads graph as shown by tieeen Linesin Figure 1. But
there was a problem with this implementation. As yaove a source from the extreme left to the ex¢rem
right, you would like the volume to stay the saf@: example, you may have painstakenly mixed a lbanc
instruments with a trumpet near the left side amd you decide you'd like it better if the trumpeasvin the
center. What you would like to do is simply turruydrusty Pan Pot from left to center and be doitk it
However, it was soon discovered that using lineassfading produced a noticeable drop of volumeab
3db) in the center of the field. So as you swirmgw} across the panorama from full left to fulllitgthe ears
hear the volume dipping in the middle and thenaasimg again as you move to the right side.

Users with lower-cost mixing boards pretty much tbaduffer with the problem, but this would
never do for the pros buying very pricey boardsvdsn’t long before high-end console makers coredud
they needed to use some kind of non-linear tapethi&r pan pots or else use some compensatingitcyrc
to level-out this ‘hole in the middle’. It turneditothat the solution to this ‘3db dip’ panning piexin, as it
got to be known, was to u&PXF for reasons which I'll discuss shortly. I've alsoplemented a panning
demo for you to experiment with when we get tolthads-on part of this tutorial. Out of curiositghecked
K2’'s panning using the KSP&hange_panfunction. Since NI has implemented a lot of volucoatrol and
fade functions linearly, | expected to hear a 3gthindthe center of their panning function. Butasigely, NI
has actuallyover-compensatedwith its rather peculiar panning implementatiorkid andyou can hear a
definite lift of volume in the centerd You'll be able to hear this for yourself latex you exercise the various
demos I've prepared.

Before returning to the classic 3db dip problem, meed to adopt some notational conventions.
Whenever we are doing a crossfade, there are alimaysignals involved. In K2 it is most often a mpaf
notes or samples that are both playing and we wamorph’ from one to the other. Instead of nunithgr
these as 1 and 2, I'm going to refer to these asd)1. This will translate better later since thg&PKuses
zero-based arrays and we will often use 2-elemeaysto hold the various crossfade parametersifmal
0 and signal 1. Now, for the panning example wed@éeussing, the two signals are the left bus aid bus
voltage but we’ll just refer to these ¥sandV, respectively.
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Green = Linear Crossfading
Black = Equal-Power Crossfading
0.5Vm
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p=0 Figure 1 p=1

Linear and Equal-Power Crossfading

Now, if the maximum value of , andV, is denoted a¥m, linear crossfading can be represented by
equations (1) and (2).
(1) Ve=(1-p)Vm
(2) Vi=p-Vm

In equations (1) and (2, is a panoramic control variable which increasesff to 1 as we rotate
from full CCW to full CW. Thus initially, whemp =0, V, = Vm andV, = 0. Then, wherp =1, V, = 0and
V, = Vm. However, notice that if we add equations (1) é&t)dogether we get equation (3) which says that
the sum oV, andV, is always exactlyym for any value op between 0 and 1.

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

Now, this might seem like exactly what we would wamnorder to keep the volume constant across
the panorama so, why do we hear a dip in the nftddlell, since | promised to keep this simple, | wget
into a lengthy discussion of coherent and incohltesggnals, mixing in air, and the physics and pgsch
acoustics of hearing. Instead, I'll give the simpleswer that when two separate signals (of the iype
usually encounter in music) are added together apigarent loudness st related to the sum of the
amplitudes of the signalsbut rather to the sum of tip@wer in each signal. Since power is proportional to
the square of the signal voltage, instead of upikge/, + V, constant, (as we do with linear crossfading),
we actually need to ke’ + V. constant in order to maintain equal perceived maas we swing across
the panorama.
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So now the question becomes, what functiop sliouldV, andV, be so thaV,’ + V,? remains fixed
asp varies from 0 to 1? Oddly enough, the answeritidgigonometry. Among the zillions of trig idenés,
there is one that says teae squared plus the cosine squared (for any anglalways equals ongsee
equation (4).

(4) Sin’(8) + Cos(0) = 1

To utilize this trig identity for our purposes wauve to arrange it so the an@ewill vary from 0 to
90° as our panning varialpevaries from 0 to 1. The Sine varies from 0 to Basries from 0 to 90° and the

Cosine varies from 1 to 0 &varies from 0 to 90°. So, if we mapto O as shown in equation (5), we can
write the needed expressions YgyandV, in terms of our panning variabteas shown in equations (6) and
(7). A plot of equations (6) and (7) is shown bg tlvo black curves in Figure 1.

(5) ©=907p

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

Note that the equal-power curves cross over eddr at a height d.707-Vminstead 00.5-Vmas
for the GREEN linear crossfade lines. For tB#°XF curves at any value @, we can obtain the value for
V> + V.’ by squaring equations (6) and (7) and adding ttegrather as shown in equation (8).

(8) Vy +V,°=Vm>Cog(90-p)+VnT-Sirf(90-p) = Vnf[Sin*(90-p)+C0%(90-p)] = VnT

When we get to the hands-on demos, you'll be ableetar for yourself how uniform the volume is
across the panning field when usiBBXF contouring.

So, what this amounts to is that we have to alveag@nge it so that our crossfade control variable
(whatever it might be in a given application) isppad in such a way that it will cover the rangerfrd to
90° as we sweep over our desired crossfade intelfeal example, if we are using the Mod Wheel to
crossfade two samples, we have to map the 0 tad&ye of the MIDI controller to the range of 0 @9
using a function such &V*90/127 whereCV is the current value of the CC.

And, now is as good a time as any to mention thgttables and algorithms can be constructed to
work with any kind of angular unit you want. Thexee several standard systems in common use but you
could also arbitrarily say that a right angle comal28 units and name them something bkads (for
binary radians). It really doesn’'t matter what gmgular unit is because you can always map thesfers
control variable as needed. I'll say a little maigout this later when we discuss using &P Math
Library trig functions (which happen to use 1000 divisigres right angle). There is also a detailed
discussion of this in th€echnical Guide

2.2 Using the change_vol Function

Now that I've hopefully convinced you that we'reiigg to need some means of obtaining sines and
cosines if we want to dBPXF, let’s talk about the KSPshange_volfunction that we will use to do all our
fancy volume contouring magic with. Fortunately wrfortunately (depending on your viewpoint) the
change_volfunction requires that the control input benmb rather than just some percentage value.
Actually, since the ear hears logarithmically, theratio system has been in broad use in the andicstry
since almost day one. And, apart from the occasiooinersome chore of having to look up or calaukat
logarithm or two, the system is actually quite cement in that it allows us to cascade amplificatay
attenuation modules and just arithmetically addt tihelividual gains in db to get the overall gamdb. But,
whether we like the db system or not, thange_volfunctiion requires us to use it.
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When dealing with voltages (or the signal amplitedenterparts in K2), the formula relating our
linear volume ratios to the equivalemtb of gainis as given in equation (9) whevg stands for ‘signal
voltage’ and would be eith&f, or V, when using our 0,1 subscript notation.

(9) G =20,000-log(\yVm)

2.3 Wrapping It Up

Now let’s try to put all this together. Suppose tnigger two notes that we want to crossfade using
the ModWheel. With the ModWheel at min, we waldte[0] to play at its full volume antlote[1] to play
fully muted (silent). Then, as we move the ModWhieei min to max we want to fade ohbte[0] and
fade inNote[1] such that when the ModWheel is at max, we vidwmie[1] to be at full volume antlote[0]
to be muted. Further, we want to do this using kgower crossfading. Let’s arrange to put the nucaér
value of the ModWheel setting in a variable narlM¥V and everytimeMWV changes, we’ll update a
crossfade control variable that we’ll nadEV. XFV of course will be some function MWV and that
function will depend on the angular unit used kg titg functions. For thKSP Math Library , the angular
unit used is the deci-grad (abbreviated dg). Thiomship between dg and the more familiar deggstem
is: 1000 dg = 90. Therefore, wheMWYV changes, we want to recalculaeV = MWV*1000/127. Doing
this results inXFV varying fromO to 1000as the ModWheel moves fromin to max (0 to 127).

Now if we compute th€osineof XFV we will get a value betwedh0 and 1.0 WhenXFV = 0, the
Cosine will be 1.0and asXFV increases toward00Q the Cosine will drop t®.0. Similarly, the Sine of
XFV is 0.0whenXFV = 0 and increases tb.0asXFV increases ta00Q Now what does this mean insofar
as what we need to tell tebange_vol()function to do? For instance, when the ModWheabisut half way
up, MWV = 64, XFV will be about 500 and both the Sine and CosinelveiD.7071(this is the crossover
point for the functions). Now, how do we tell thbange_ volfunction that we want each note to play at
70.7% of their full volume?

The answer is, we use equation (9) and plug ivaéhee of0.70711for the ratio olV4/Vm. When we
do that we geG = -3010 mdb And in this special case (at the half-way pobujh notes should be set to
this same gain value (which is actually an attepunaginceG < 0). Thus both Note[0] and Note[1] will be
reduced by about 3 db from their max volume (irdtefithe 6 db they would be reduced with linear
crossfading).

When using thehange_volfunction, we need to mention the 3rd parameteckwbpecifies whether
the gain change is to be made relative to theaimtblume of the notenode (0), or relative to the last
volume settingmode (1) We would prefer to usenode 0since we’re computing our gain relative to 0db
(without regard to history). However, if the note’ve controlling has a velocity component in it#ial
volume, using 0 for the 3rd parameter has a prob¥u’ll find this bug discussed in the Appendixof
this User’s Guidebut, because of it, we have to use the last voltetativemode (1) and, this forces us to
keep track of the accumulated level relative to Sallwe will know how to get back to 0db before warge
to our new desired gain. If you are controllinge®in a group that have no velocity modulation, yan use
zero for the 3rd parameter and avoid this compticaHowever, for the demo script, I've assumedrtitge
general case of having to deal with a possibleorgionodulation and so I've illustrated how to ube
change_volfunction in its relativenode (1)

Now before we wrap up this theory section and mate the laboratory for some hands-on fun, let
me say this. If you found the foregoing to be adlaminting, you'll be happy to know that you canoirporate
EPXF into your scripts without having to worry much abeost of the foregoing. THESP Math Library
can do most of the hard work for you. We're alsing to walk through some solid examples of ushegée
library functions in a real working script that yoan use as a guide for incorporatingERXF function into
your scripts. So now that you've paid your dueselmmes the fun part ;-).
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2.4 The 1st Demo Instrument
The XFadeDemo#1.nkifile included with the download package is a sinpionolith instrument
complete with samples and two demo scripts. It @ugtains two very short samples that are looped to
provide a sustained tone. One is that of a solmtiame playing F3 and the other is a solo clariaéto(
playing F3). | made this instrument complete with samples so that everyone that uses this tuteitidle
able to hear the same sounds.

The samples are laid out with the trombone on 3 lkead the clarinet on one key. Regardless of the
key assignments, the instruments only play theit pitch of F3. The key C3 is the trombone pannadl h
left while C4 is the trombone panned hard righte§én two notes are used for the panning demo. The
trombone is also assigned to E3 where it is patodtie center. The clarinet is assigned to G3 dsal a
panned to the center. These two center-panned samapé used for the ModWheel, Velocity crossfade
demo.

The main demo script is installed in slot 2 (narf¥éeéade Demo #1’ on the tab) and there is a small
bonus script (to exercise K2's panning functiorgtatied in slot 3. This latter script should betially
bypassed. Most of the hands-on stuff will just tiee main script in slot 2 so leave slot 3 bypassddss
specifically mentioned otherwise. This instrumentl dhe demos are intended to be run Witin the
Standalone mode You should also hookup your MIDI keyboard becatisedemos will require you to use
your Mod Wheel and Pitch Wheel.

2.5 Setting Up Your Speakers

To get the most from the panning demo, it is imgiotrthat your monitors are well balanced. The best
way to check and set these is as follows. The maiipt in slot 2 normally blocks all keyboard notas
banging on the keyboard won’t do anything. Howeyet, can temporarily Bypass the script and theiCBit
and C4 on your keyboard simultaneously and adhesbterall listening level to be moderately loud ot
uncomfortable. It should never get any louder timgduring the demos unless you raise K2's volstitker
(which should be set at about 0 db). Now, altetgpaig C3 and C4 one at a time and you will hear th
left-panned and right-panned trombone tone. Tha isléo set the volume of your left and right spalatil
C3 and C4 sound equally loud (when played indiviguarhe effect should be that the sound comemfro
the left (for C3) or the right (for C4) but at tekame volume level. In other words, just the posisbould
change, not the volume. Needless to say that youldlpick some comfortable place to sit betweenryou
monitors (as if you were going to do a mixdown)c@®gyou have completed this balancing act, disentiege
Bypass button for slot 2, re-enabling the script.

2.6 The Panning Demo

If you haven't already done so, please balance gounritor speakers as described above. To run this
demo, click the ‘Panning Demo’ button in the upledr corner of the panel. Raise or lower your Mo&h
for a comfortable listening level. You should beatieg the sustained trombone sound coming from the
center of the stereo field. In this demo, the Moldeal acts as an overall master fader withRhageknob
limiting the maximum attenuation. Typically, segilRange to about 75% will give you a nice smooth
working range for volume control but if the lowsstting of the Mod Wheel is not sufficiently quigbu can
raise the Range knob toward 100% (or lower it if yeant to bring up the bottom end). If you do thisle
the Mod Wheel is at min, you will hear the sountageeter as you increase the range and vice versais
demo, the Mod Wheel is the primary control of #hN€Fade routine. SeeSection 3.1for a detailed
description of théATFade library function and how the Mod Wheel and Rangetmls interact.

You will also notice 4 display ‘windows’ on the parhat display pertinent crossfade data. For now,
just watch the 4th window (with the caption ‘Masteader’) as you move the Mod Wheel and/or Range
knob. The number displayed there is the overalh gdaienuation that is added to both the left agttri
channel notes (on top of any attenuation givemdse notes by the crossfade machinery).

Page 8



Now, set the ModWheel for a normal listening leaald then move the Pitch Bender all the way
down and you should hear the trombone move toetth@1 your stereo field. Next, move the pitch wihalé
the way up and you should hear the trombone mowetadhe right of your stereo field. Now, hold the
Wheel at min and slowly raise it up through theteeand onward to the top. You should hear the ihame
move slowly from the left side to the right sideyolr stereo field. If you have setup your speakeoperly,
only the position of the trombone should chang# asves across the stereo panorama, the volumddsho
remain constant. Try this same slow sweep (in hibctons) at various different volume settings (Mo
Wheel positions). This is true equal-power crossigdh action. As you are moving the Pitch Wheeiten
the first 3 display windows. The first window shothkie crossfade control variable which should svitog
0 to 1000 as your Pitch Wheel moves from min to nvéien this demo is started, the script triggetk tioe
C3 and C4 notes. The crossfade machinery thertreetadividual attenuation amounts for these ndbes.
as you pan with the Pitch Wheel, note the 2nd addv@ndows and watch the attenuationsridb. When
you are done playing with this demo, click the ‘Riaig Demo’ button again to stop the demo.

Now before going on to the 2nd demo, you may watitsten to NI's panning function. If so, select
the script in slot 3 and disengage the bypass utten click the button labeled ‘KSP Panning T.estu
can now use the Pitch Wheel to pan from left thtrjgst as you did with thEPXF panning demo (but it
will always be at max volume, ie this script hasimaster volume control). When you slowly sweep fiteft
to right, it should sound like it gets noticealdydier in the center. A +3db ‘bump’ in the centea isatural
consequence of NI's implementation of the panfimgtion. Click the ‘KSP Panning Test’ button agtn
stop the test and then turn on the Bypass buttdnetarn to the script in slot 2.

2.7 The Vel Xfade Demo

For this demo, the Mod Wheel controls the crosstautk optionally the volume. This demo allows
you to crossfade or ‘morph’ the clarinet timbretwihe trombone timbre. To start the demo, firsttbet
Range knob to zeroand then set the Mod Wheel to min. Now, click ba button labeled ‘Vel XFade
Demo’. You should hear a sustained clarinet tormvNnove the Mod Wheel slowly from min to max and
the clarinet should become a trombone. Of coursgeiim't usually how you would use this function.
Normally, the clarinet sound would be a lower volusample of the same trombone. In other words this
demo is to illustrate how you could usS@XF to do velocity crossfades with the Mod Wheel (oy ather
MIDI CC). | used a different timbre (the clarinet) your ears could more easily distinguish howttine
sounds are crossfading.

Now normally if you control velocity layers with @hMod Wheel, you may also want to have the
volume increase as you raise the Mod Wheel. Sthfsrdemo, the Mod Wheel has a dual role. It isthr
assigned as the Crossfade Control Variable, buinslty, it is also assigned to tAd Fade function. So, if
you set the Mod Wheel to minimum and then slowigaaheRange knob, the clarinet will start to get
quieter. You would ordinally set this level to beat which you desire for the minimum volume of the
velocity-layered instrument. Once you have seiRhrge knob for the min volume desired, if you thaee
the Mod Wheel, the clarinet (the lower velocitydaywill crossfade into the trombone (the uppeouiy
layer) but at the same time, the volume will insea

For this demo there is no actual Master Fader butgould easily add one because Aldg-ade
function can be ‘called” multiple times by varioc@ntrollers and functions. I'll say more about tasswe are
‘walking through’ the code of the main script. Whea control the pair of notes from more than onerc®
like this, the db system really works to our adeget In the first demo, the Pitch Wheel controks th
crossfading which in turn generates an attenuaimount for each note. In addition, the Master Fader
generates an overall attenuation. With the db Bystee need merely add the channel attenuationéo th
Master Fader attenuation before sending it toctenge_volfunction. If we were using a linear control
system we would have to multiply each of thesenatiéon control values and, with only integer arigic
this would likely require some messy interim relscpeffort.
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2.8 Strolling Through the Source Code
Included in the tutorial package is a text file maiXFadeDemo#1_KS.txt You should load this file
into theKScript Editor so you can view it comfortably with syntax higltiiiqng and line numbers. Please do
not try to understand the source code by viewimg ke KSP editor — Big Headachdbte: if you want to
compile the source script, you need to W4e25.60r higher of theKS Editor and you also need to put the
file namedKSPMathV2xx_KSM.txt in the same folder sincéFadeDemo#limports the KSP Math
Library .

2.9 The NewDemo and NewVolume Routines

First we’ll examine the two routines that start ttee pair and handle the crossfading and volume
control. This is the area we need to concentraten @rder to clearly see how th&SP Math Library is
used. Later we’ll surf the rest of the code so wa get the general idea of how these routines ean b
invoked. Refer now to the routine namedwDemo(line 162 of the source code). This routine isoked
when we first click on either tHeéanning Demoor Vel XFade Demobuttons. If thePanning Demobutton
is pressedXNote[0] and XNote[1] is set to MIDI note numbers namedftNote and RightNote (which
trigger the left-panned and right-panned tromboon&s). On the other hand, MewDemois invoked
because of pressing théel XFade Demobutton, thenXNote[0] and XNote[1] are set to the MIDI note
numbers name@larNote andBoneNote(for the center-panned Clarinet and Trombone sfy). Once
the XNote parameters are set appropriately, the pgiaf_note functions are called to trigger the specified
pair of notes and the note IDs are saved inxitiearray. As a last step, both elements ofGtlb array are
reset to zero. This array will contain the gaimfatiation value that must be added to the ‘curramt’ gf
each note to get back to 0db. And, since we hasesiarted the notes at full volume, they are culye
sitting at a level of 0db and therefore need zéange to ‘get back’ to Odb.

Now take a look at the next routine nanMglvVolume (line 176). This routine is invoked whenever
anything happens that requires the gain of eittiehoth notes to be changed. This could be caugexd b
change in the panning control, the Master Volumetrad, or theRangeknob. Or, it could be a result of
having just started a demo. Notice from our disicuss the last paragraph that when the pair oésa@tre
triggered, they are both triggered at full voluragardless of the settings of the Mod Wheel, Pitd¢te®V, or
Rangeknob. So obviouslyNewDemomust be followed immediately ByewVolume so that the desired
attenuation for each note of the pair can be dstadalbefore the notes sound. Now let’s walk through the
NewVolume code.

The first thing we do is set the crossfade conteslable nameXFV (which we want to vary over
the full, right-angle range as we make the crossfador the currenKSP Math Library (as mentioned
previously) the angular unit is the deci-grad, sowant to map our crossfade controbgeV will vary from
0 to 1000. However, since it is possible to chahgeangular unit for the library, the most convenisay to
map a controller t&XFV is to use the library-supplied constant narAed90. For the current trig function
implementationAng90 is defined as 1000, meaning there are 1000 angalts in a right angle. However,
if the library is altered to use a different angulait, the value oAng90 will also change accordingly. So, if
you useAng90, instead of the literal value of 1000, your scryll still work properly even if later the
library is changed to use a different angular uxdte: Ang90 is available for your use only if your script
references one or more of the library’s trig fuons.

Continuing now with théNewVolume routine, if we are running the Panning Demo, weatwdV
to vary fromO to Ang90as the Pitch Wheel varies from -8192 to +8191. sinde we keep the Pitch Wheel
value in the variable namddVV, we use the mapping functiotFV = Ang90*(PMV + 8192)/163830n
the other hand, if we're running thé&el XFade Demqg we need to map the Mod Wheel (whose value we
have in the variable namé&#wWV ) to XFV, which we do using the functioXFV = Ang90* MWV/127.
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Next, we want to set the relative attenuationxidj0] andxid[1] according to the value &fFV and
the attenuation determined by tA& Fade function (which in turn is based on tRangeknob setting and
the Mod Wheel valubWV ). Let's walk through this line by line startinglate #187.

First we call the library routin@TFade, giving it the two input parameteMWV andRange and
the routine returns the appropriate attenuatiothénlocal variable namedVol (for master volume). This
value as supplied b&TFade is already in mdb (just as we need it). RefeBéation 3.0for a more detailed
description of this library function and how the #M@vheel and Range controls interact. Next, we toall
library routineSinCoswith an input ofXFV deci-grads. We take the two output values fRimCosand put
them in the local variables nam¥®ol[0] andVol[1]. We put the Sine ivol[1] and the Cosine iNol[0O]
because note 0 is the one we want to fade out whtke 1 is the one we want to fade inX&3/ swings from
0 to 1000. Now the non-scaled sine and cosine takees between 0.0 and 1.0 but because we only have
integers in the KSP, the routiS@nCosgenerates the sine and cosine scaled by 10,000rasénts them as
integers. Thus, if we wanted to know the ‘real’esend cosine we would need to divide the outputhef
SinCosroutine by 10,000. Note that at this point, thiuga inVol[0] andVol[1] areVol[0] =10000-\/Vm
and Vol[1] = 10000-V/Vm. So, the next thing we have to do is convert thases intomdb for the
change_volfunction.

Now, since we are going to have to conuard ratios to mdb and then set the required volume
change for théwo playing notes, this might suggest some economgitised a small loop. The double calls
to change_voldon’t take up much space because these are redldis that NI provides. However, the
VR_to_mdb library function has to be expanded inline anddf@e it would be desireable not to ‘call’ it
any more often than we need to because each lbadlarill expand the code inline again. This is thain
reason | used a loop for the next operations. Eh&so one reason why it’'s convenient to keephase
crossfade parameter pairs in arrays. So, let's waitkugh the first pass of the loop now withk O (starting
at line 190). First we call the library functionmad VR_to_mdb with an input ofVol[0] and place the
output in the local array elemeftn[0]. Let’s see if we can figure out what this doegolfi read the header
comments for the library functioiR_to_mdb, you’ll see that it requires an input ratio scabgdl0,000 and
it then generates the equivalent value (for theyat mdb. So if we give the routine the valvel[0] (which
as stated previously contaib®000-\,/Vm), thenVR_to_mdb will give us20000-log(\y/Vm) as an output
(in mdb) which we place iAtn[0] . So we now have converted our ratio/gfVm into the equivalenindb.
Line 191 now add#\tn[0] to MVol and puts the result iNol[0]. Thus,Vol[0] now contains both the
crossfade attenuation plus the Master Volume attiimu Remember that in the db system, you just add
attenuations (or gains) to multiply their effedtgw, since we have the total amount we want tocedhe
note O volume by (relative to 0db) we can now cathnge vol We do this on line 192 where we give
change_volthe ID for note 0xid[0], and then give it the attenuation needed reldtvies last known gain
in 0db[0]. The way to look at this is that we need first tis@ahe gain by the amount@ab[0] (which gets
it back to 0db) and then we need to set the gamutonew desired value Mol[0] (which incidentally is
negative because it’'s really an attenuation rdtiear a gain). The last thing we do in the loop bitye193)
is to update the variablgdb[0] to the new gain value that will restore the volurneddb. That value of
course is the negative of the attenuation we jestiunamely-Vol[0] (which make€db[0] a positive value
or an actual gain amount).

The loop then swings back to line 190 witlk= 1. So the whole process now repeats, only this time
the arrays will be indexed with 1 instead of 0. 8@ call VR_to_mdb with an input ofVol[1] =
10000-V//Vm and get baclatn[1] in mdb. We then comput€ol[1] = Atn[1] + MVol as the combined
crossfade and master volume amounts. So now welaalige_volwith xid[1] asking for a new attenuation
of Vol[1] for this noteTo do this we first raise the gain back to 0db gdire gain value i0db[1] and then
change the gain to the attenuation amoumaljl].
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Finally, we updat®db[1] to -Vol[1]. The only thing remaining in thdewVolumeroutine is a call
to the display update routine nam@dowData Of course you normally wouldn’t display this datayour
scripts, except maybe for test purposes. It mayladsworth mentioning that when your script usesadrhe
logarithmic functions, includingR_to_mdb, the library makes available a constant nareded. The
value ofMuted is currently defined a200,000 mdb You can use this constant in your script as rseda
the ShowAtn routine.

2.10 About the Library Functions
Before we run through the rest of the code, letpomt out some things about thSP Math

Library . First off, read the header comments. You dorveha study the routines themselves and how they
are coded, but, you should become familiar with tyow interface to them if you expect to get anydgn

at all from them. Print out a copy of the sourcdecdile and look at it. The opening comments inelaah
alphabetical list of the Functions the library @ns, along with a brief summary of what each fiorctoes.

But before you actually try to use a function, fitie function itself (they’re coded in alphabeticatler
within their classifications) and read its heademments. Preceding each function is a header with a
detailed description of what the function does whdt the parameters in and out are all about.

Note for example that tf&inCosroutine has the same output scaling as the imgaling required by
VR_to_mdb so the two routines dovetail nicely and don’t riegany parameter rescaling in between.
Besides the fast log function (using the DeVos’ragpnation) there are 3 extended range log funstion
XLn, XLog2, andXLog10 that provide more accuracy than their DeVos’ cerpdrts and in addition allow
an input argument covering the entire positive neimrange from 1 to 2,147,483,647. The 3 correspandi
exponential (antilog) functions are also providéfth V210 a cube root function was added and noti wi
V215, there are a total of 16 format conversiontirs which collectively allow you to easily conver
between things like Volume Ratio and Gain in mdowetl as supporting Engine Parameter control of
various functions such as volume, pitch, envelape tEQ parameters, etc

2.11 Pseudo Calling

Now, before we go surfing through the rest of thed Script code to see how tNewDemoand
NewVolume routines are invoked, let’'s talk a little abouteoof the KSPcatch-22 problems. The KSP
doesn’t support true user functions and on therdthed it doesn’t work too well with very large ipts
either! This is kind of a ‘double whammy’ situatioAnd, while theKS Editor allows us to write nicely
modular code at thesource level when the code is compiled and actually loaded the KSP, all those
compact invocations of user functions have to hgaeged inline. So if you have to ‘call’ a user ftioe
multiple times, the K2-ready, i€R code can get very large (even though Klgesource code is nice and
compact). Because many of us are writing fairly gimls scripts, we have to be very inventive arydtér
work around this ‘catch-22’ situation. So, oftemdis you will see certain tricks being used to sataul
calling a function or procedure. What we want taabé& to do is to invoke a routine multiple times bnly
expand the code body once (just like a real usection). One such trick, which works when a routime
used multiple times in one location, is to use @lgimilar to the one we examined in tRewVolume
routine. There are several variants of this ideas®. Sometimes the loop has to be structuredasitailan
FSM (Finite State Machine) so that a more compkxation in the parameters can be handled butvstit
only one inline expansion of lengthy routines. @ttmaes the loop will involve avait() function call or two
to ‘handshake’ with some other code elsewhere gpexin a different callback).

As we start to run through the remainder of the @suoript, we’ll see another common trick that can
be used to avoid multiple inline expansion of roes that must bealled from multiple places This
technigue might be callegpseudo-calling or perhapsremote triggering'.
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There are also many variations on this theme inhugethe general idea is still the same. You
basically ‘cock the gun’ one place in your code dimd the gun’ some other place. The ‘gun-firiigtation
(generally in the RCB) usually contains a singldine expansion of each routine whereas the ‘gun-
triggering’ machinery is scattered around in theleedbut hopefully uses short sequences to do the

triggering).

For an example of theseudo-callingtechnique being used in the demo script, let's labtheon
controller callback beginning at line 106. The demo scrippaking for activity from either the Mod Wheel
or Pitch Bender. If either has changed, and thaduares a controller callback, lines 108 and 10%tgsithe
global variables nameMWV andPMV. Then, before dismissing the callback, we seeuter function
referenceCall(UpdateVolume). Obviously when eithdvlWV or PMV changes, we will need to change our
note-pair volume settings by executiNgwVolume This ‘call’ to Update Volume will accomplish just
that. So, let’s take a look at how this is done.

We begin by examining two support functions nar@edl (line 140) andKEQ_Call (line 148).Call
is our ‘cock-the-gun’ or trigger function so letgalk through it. Line 141 tests a global flag named
CallActv. The demo script uses a simple, ‘one-at-a-timedtsyyy because all calls are basically for the
purpose of ‘forcing ‘an update of volume. In a mgemeral situation where calls may not be so caendy
related, we would need a more complex gate-kedpimgtion. But, for this demo script, we simply dbdb
anything if CallActv is already set. However, assuming that no othiroparation is ‘doing its thing’ or
pending,CallActv will be off and thaf body will execute. When it does, line 142 setsGadActv flag so
no other calls can be made until this one compldtieen line 143 sets the global variable naretions to
the bit-mapped arguments passed toGlad function. For the demo script, there are only twallable’
commands name8tartDemo andUpdateVolume

StartDemo and UpdateVolume are predefined constants whose values need tasbectl integer
powers of two. SpecificallyStartDemo = landUpdateVolume = 2 If we had additional commands they
would be encoded as 4, 8, 16, etc. The power-ofthivy is used so that these ‘command’ constantdea
added together to form oretion parameter set that can easily be decoded at timefigng’ point as we’ll
soon see.

Finally, line 144 calls on the KSbtay note function to generate a short MIDI note 0. In thse of
the demo script, we know this note # is not beisgdubut, it's probably a pretty safe bet in gentval this
subsonic note will not be in use. The reason fa@ flake note’ is to ‘force’ a release callbadkCB, to
occur. The ‘gun-firing’ routine namedEQ _Call is placed in thdRCB and is waiting for such triggers to
occur. When we invoke thelay note function, we also store this note’s event id ie tilobal variable
namedCall_id.

Now, take a look aKEQ_Call on line 148. On line 149 we check to see if theseaof thiSRCB is
our ‘fake’ call note. If not, we bypass this rodion the assumption that tHRCB results from some
ordinary note ending. But, if tHeCB is invoked with an event id &all_id, then we execute the body of
the routine. On line 150 we teAttions to see if the bit foStartDemo is on. If so, we call th&lewDemo
routine. Next, on line 153, we teAttions to see if the bit folJpdateVolumeis on and if so, we call the
NewVolumeroutine. Finally, we turn off th€allActv flag so that other calls can now be accepted.

Note that lines 151 and 154 are the only placdkerscript wheré&lewDemoandNewVolume are
actually inline expanded. Yet, as we’'ll see, threggines are ‘called’ from several places in thepgcAgain
| want to emphasize however, that it's not alwaysegas simple as this. When we have more actiotines
that are only loosely related, we can’t alwayskgewith this simple one-at-a-time idea. Howeveg Hasic
scheme is still workable, it just needs to be eirghedd somewhat.
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For example, instead of just using a gloidavariable likeCall_id, when we invoke thplay note
function, we can store an identifying code in ohéhe fourevent-parameterslots (newly added in K2.1).
Then when th&CB strikes, we test the event for this special idgimty code to help sort things out.

We can also pass thection information in one or more of the 3 remainigggnt-parameterslots.
If we do it this way, we don’t need gate-keeperat the call points because we can just allow mleiti
‘concurrent’ calls. This is possible because, rélgas of the arrival order of the note 0 eventhaRCB,
each event is uniquely tagged and can thus be dathtcorrectly. There are a lot of possibilitiesr f
variations here but | think this should give yoe tpeneral idea. Since thpseudo-callscheme doesn’t
actually make a ‘return’ to the call point, the reaire somewhat of a misnomer. So maylsk-triggering
would be a more accurate name.

My new Interscript Operating System for K3, uses a very advanced form of pseudo cafiirat
actually does mimic the behavior of the traditiosiabroutine call/return process in that the ‘calfadction
actually returns to the called location when it pbetes. TheOS supports both loc&@ubroutine andTask
pools and subroutine calls can be nested to anyededepth. In addition, thEDS supports a&Common
Subroutine Library that can reside in any one of the 5 script slotswhose routines can be ‘called’ from
any script slot without replication of the code cBase of this powerful code-saving feature, K& Math
Library has been updated for K3 and will be made a stdnakat of theCommon Library . Thus, with the
IOS installed, you will be able to invoke any of thetf Library’s functions from any script slot withtcany
further inline expansion of any of the called roes.

One other point worth mentioning here is that pseudo-callidea has value beyond keeping the
compiled code size smaller. There are times whenwitd want to invoke a function like a volume upea
from aui_control callback. And, even if you don’t care about theeesite, you may not be able to code the
update routine inline because certain KSP functicarsnot be executed fromua_control callback. For
example, thechange_voland change_panfunctions. So, in case you were thinking thatttaduced an
unneceesary complication into these demo scriptssing pseudo calling, I'll point out a few exangplaf
where it solved just such a problem; as we nowtavddrough the coding’ of the callbacks.

2.12 Callback Coding

The on note callback simply usegnore_eventso that banging on the keyboard won't do anything
(since it was intended that only clicking one og thther of the Demo buttons would start the sou®d).
course if you do ‘bang on the keyboard’, it wilbpuce a barrage &#CBs but none of them will have the
correct id associated with them so these eventsbailignored. TheRCB, or on releasecallback only
contains theXEQ_Call routine as already discussed. Tmecontroller callback was already looked at in the
pseudo-calling discussion and, you may recall that it is one lié places where @aseudo-call to
UpdateVolumeis made. Next we come to tRanDemocallback starting at line 114. Line 115 turnsanfly
sounding notes in case we are switching from \leé XFade Demoor if we are simply ending the
PanDema Next, if thePanDemobutton is on (meaning we have just asked to gtegtdemo), we turn off
the VelDemo button (in case it was still on) and then we malseudo-call This time we sefctions to
both StartDemo and UpdateVolume so in theRCB, XEQ_Call will invoke both NewDemo and then
NewVolume

If the PanDemobutton is off when this callback occurs, we BahDemo = 0 Strictly speaking this
isn’t necessary but | did it because when a butgust clicked off, the labeling becomes fainted darder
to read. Overtly setting it to O with an assignm&atement brings it back more legibly. I'm noteswhy NI
chose to have buttons with 3 visible states like. tNext we come to théelDemo button callback starting
on line 124. This coding is almost identical tottb&the PanDemoand you should be able to follow it
easily. It also ends up doingpaeudo-callwith Action set to botiStartDemo andUpdateVolume
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Then finally, we have thRangeknob callback. This one merely makgssaudo-callto UpdateVol-
ume. Now notice that theNewDemo is executed (viaStartDemo) from two locations and both are
ui_control callbacks. Also notice th&tewVolumeis executed (viddpdateVolume) from a total of 4 places
and 3 of them arei_control callbacks. We need to update volume whenever amt gtnew demo and
whenever a pertinent controller is changed or wthefiRangeknob is changed. It would not be possible to
inline NewVolumein the 3ui_control callbacks becaus¢ewVolume uses thehange_volfunction which
NI disallows inui_control callbacks. So these are good examples of one séthlternate benefits of the
pseudo-calltechnique that | alluded to earlier.

Finally, if 1 were writing this kind of script fogeneral use, | would probably add some additional
safeguards. For example, you might want to be whien a controller changes that there are notesdaogin
(ie that thexid array has legitimate current event numbers in jhbefore callingNewVolume, etc.
However, | thought that sort of thing would onlyttér up the code and somewhat obscure the thiegaev
trying to focus on. So, if you see some holestlia in the code, don’t be too harsh on me ;-)
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3.0 The ATFade Function

3.1 Description
The ATFade function is intended to be incorporated into atlsasipt that requires overall volume
control to be handled by a MIDI CC acting as an iatiiaper Fader. This function is called with 3
parameters as followsATFade(cv,rng,atn). ‘cv’ is an input value)..127from the desired MIDI CCrng’
is an input value(..100% from a user adjustable Range control &td’ is the output audio-contoured
attenuation in mdb.

The electronic equivalent of K2's MIDI CC contrd shown inFigure 2. The ATFade function
operates in a similar way except that withFade, the contouring of the MIDI CC is more like thdta
traditional ‘audio’ fader whereas in K2, the contaid the potentiometers is simply linear. So, wiyeu
assign a CC to modulate the amplifier in K2, sorhthe most-needed volume levels are cramped togethe
in a small region of the CC’s travélTFade on the other hand, spreads the most-needed dftamuange
of 0 to -25 dbacross the top 60% of the CC’s travel (just likeeal mixing-board fader). In addition, by
setting a suitable value for the Range parametgriialent to K2’s Intensity slider), you can narrtive total
range of the CC by bringing up the bottom end. Thisquivalent to removing the lower end of theefad
scale and then stretching the remainder back tfuthsize (sed-igure 3). With such tapers, you can easily
control volume expressively.
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4.0 Crossfading Instrument Groups

4.1 Introduction

There are often situations in which you may wanige the Engine Parameters to control instrument
group volume. For example, you might want to do M@beel crossfading of velocity groups just as many
libraries do by putting the samples for each véjoleiyer into their own individual groups. Suchrbbes
usually assign the Mod Wheel as a volume modulatat use ReScaling curves to determine how the
velocity groups are faded in and out over the Molde®l's 0 to 127 range. However, with script control
instead of using the ReScale graphs to contouGtbep crossfades, you can easily use EPXF (tru€8m
shaping) by using the Math Library functions to itohthe Engine Parameters for Group Volume. V200 o
the Math Library provides several new routines \whigll enable you to do this sort of thing quitesida A
second Demo Instrument and script have been addibe tutorial to illustrate how this sort of thingn be
done.

4.2 The 2nd Demo Instrument

The XFadeDemo#2.nkifile included with the download package is a sinpionolith instrument
complete with samples and a demo script. The imsni is constructed with 2 groups (ie Groups 0 Bnd
labeled ‘Lo Vel - Clarinet’ and ‘Hi Vel - TromboneThe sounds are made from two very short santpés
are looped to provide a sustained tone. One idoactarinet playing F3 which is assigned to thekie§ of
Group 0 and the other is that of a solo trombotso(playing F3) and assigned to the F3 key of Grbup
Both samples in both groups are panned to the cdyerossfading Group 0 and Group 1 you can ‘rhbrp
the Clarinet into the Trombone (or vice versa).dofirse normally you would be using lower and higher
velocity samples of theame instrument but for this demo, using the two difertimbres makes it easier to
hear the crossfade in action.

4.3 Running the Demo
Demo Script #2 is intended to perform in a manmarlar to the VelXFade mode of Demo Script #1
except that instead of crossfading a pair of ndtes,Instrument Groups are crossfaded using thenEng
Parameters that control Group Volume. The demobearun by clicking the GroupXFade button and the
demo can be stopped by clicking the button again.

When the demo is started, a single F3 note is gesakrBut, because both Group 0 and Group 1 are
not ‘qualified’ in any way, the F3 zone of eachuypas activated. By setting the VolRange knob ta @8é
Master Fader control will remain at its maximumzsro db and the Mod Wheel will only control the
crossfade volume of the two groups. The first boxhe left displays the crossfade variable mappebe O
to 1000 range. The next two boxes display the Gil@wand Group 1 Volume in db. If the Master Fader
VolRange knob is set to something higher than 0 Mod_Wheel will also control the overall volumfe o
the samples. Except for the fact that the crossimdi®ne with the Engine Parameters controllingtthe
groups, instead of the change_vol() function opegatn a pair of notes. the performance of this asoript
is essentially identical with that of the VelXFadlemo mode of Demo Script #1.

4.4 The Source Code
For this discussion, load the file nam¢BadeDemo#2_KSnto theKScript Editor for viewing (or
print it out). The primary difference between tdeamo script and Demo #1 is in tNewVolume function.
Note that the master volume contMVol only need be applied to the single note (seel#® and so is
done outside of the ‘for loop’. After computing theeded volume ratio fractions via tBeCosroutine,
VR[O] contains the volume ratio needed féroup 0 while 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 tovewt these ratios to mdb for the change_vol()
function to control the relative volume of eachiindual note of the pair. However, for this dema need
to convert the VR ratio data into their equival&mygine Parameter values. This is done with line @7
using theVR_to_epfunction.
The correspondingp control value (in output variabEePV) is then sent by line 148.

The ShowData function has also been changed to display the x@mlume in db by reading the
displayep, see the routine nam&howGroupAtn on line 161.

Appendix

The change_vol(x,y,0) Bug

The change_vol() function using@ative bit = 0 does not work right afterwaait() function call.
For example try the following with sonvelocity-sensitiveinstrument:

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 a key, the note C3 is generated withlacity of 30. Theehange_volfunction call is
supposed to change the volumelogb relative to the note's initial volume level (whishould be no
change). The firathange_volfunction works correctly and makes no change éartitial volume. How-
ever, after the two-second delay when the @mahge_volfunction is called, you will hear the volume jump
up. Apparently after a wait call, the note velosityffect is forgotten because the volume leviias of a
C3 with velocity = 127.

The change_vol function seems to work OK when uairgative bit = 1 so if you keep track of
your accumulated changes in a variable '$A' yoweank around this problem by using:

change_vo{$New_ID,v-$A,1)
To simulate:
change_vo{$New_ID,v,0)

Where $A contains the accumulated volume changes $he original note and 'v' is the amount of rodu
change that you want relative to the original rsot@lume.
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