Appendix 3: Utility functions definition

Utility functions

1. Listing:

Commonly-used
fDrop[list_,k1_,k2 ]

fTranspose]list_]

fRound[number_,dig ]

fShowl[plot__, options___ ]

fNShow[plot__]
fListPlot[series_,options___ ]
fPartition[list_,sublength_]
fAugment[matrices__ ]
fMatrixPlots[matrix_,options_:{{},{},{}}]
fArgMinTensor[heap_,arg_List:{},llpos_Integer:0,fun
fAggregationOperator[list_,type_,prob_:0.5]

¢_Symbol:Min,rule_Rule:(AllSolutions —False)]

Diagnostic

fCorPlot[series_,k ]

fABHQICJseries,pmax]

fVABHQICJseries,pmax]
fELDEstimate[pDepData_,pIndepDatalLagged_,pmax_,cons
fVABHQIC[pDepData_,pIndepDatalLagged_,pmax_,const_In
fSpectrumToPeriod[spec_,k_]

fGreatestPeriods[series _,k_]
fSpectrumPlot[series_,periods_,plotoptions__ :{}]
fPeriodogram[series_,intervalP_,plotoptions___ ]
fChiSquarePValuetestst_,dof ]
fPortmanteauTest[residuals_,lag_]
fDurbinWatsonStatistic[res_?VectorQ]

t_Integer:1,pindepDataCurrent_List:{},options___ ]
teger:1,pIndepDataCurrent_List:{}]

Linear regression design
fSDummy[S_,n_]

fTrigVar[periods_,n_]

f a[from_,to_,mX_,Y_]
fDeterministicsRemoval[series_,c_,It_,per_:{}]
flstepForecast[tmin_,from_,to ,mX_,Y ]

Regime-switching

fTsayLTest[dMo ,p_,dEx_,q_,dTh_,d ,fAggF_:Last
fLMtypeLTest[dMo_,dEx_,order ,dTh_,delay ,fAggF_:La
fLTestReport[{teststat_, dof }, siglevel ]
fExplainCRSOrder[order_]

]
st,type_Integer:1]

fResidualsTest[dMo_,dEx_,order_,dTh_,par_, & ,dRes_,orderRes_,startDelay _Integer:1,AggFu_:Last]

fThresholdLimits[z_,frac_]
fThresholdRange[dTh_,frac_,ndp_]
fThresholdRange[dTh_,frac_,andp_,rounding_]
fConditionalRegimeSwitching[dMo_,dEx_,order_,dTh_,r

egimes_,parameters_, specifications_:{110}]

Forecast processing
fUnNestAndCollectOutput[output_]
fMeanXPredictionErrorHitparade[ferrors_,g_]
fDieboldMArianoHitparade[ferrors_,horizon_,siglevel
fCompareForecast[ferrors_,horizon_,siglevel_]....Mo
fPrintForecastErrors[a_,F k]
fPlotForecast[orig_,ferrors_,determ_:0]
fPlotTheBestForecast[stseries_,outputfCRS_,detserie

2. Definitions:

-9_]
dified Diebold-Mariano test

s_List:{},lossfu_Function:(Dot[#,#]&),ratio_Real:1.

1]
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Commonly-used
fDrop[list_,k1_,k2 ]

fTranspose]list_]

fRound[number_,dig ]

fShowl[plot__, options___ ]

fNShow[plot__]
fListPlot[series_,options___ ]
fPartition[list_,sublength_]
fAugment[matrices__ ]
fMatrixPlots[matrix_,options_:{{},{},{}}]
fArgMinTensor[heap_,arg_List:{},llpos_Integer:0,fun ¢_Symbol:Min,rule_Rule:(AllSolutions —False)]
fAggregationOperator[list_,type_,prob_:0.5]

fDrop dropskl elements from the begining ak# from the end oflist
fDrop[list_, k1_, k2_]1:=Drop[Drop[list, k1], -k2];

fDropTake[{1,2,3,4,5},2}+{{3,4,5},{1,2}}
fDropTakeNA[{{1,2,3,4,5},{11,12,13,14,15}},2}{{{3,4,5},{13,14,15}},{{1,2},{11,12}}}

fDropTake[list_, k_1:={Drop[list, k], Take[list, k]};

f ToNestedArray[list_]:=I1f[ArrayDepth[list] =1, {list}, list];

f DropTakeNA[l i st _, k_]:=Transpose[{Drop[#, k], Take[#, k]} &/@fToNestedArray[list]];
fToArray[x_1:=I1f [ArrayQ[x], X, {X}1;

fTranspose makes transposition even of one-dimeakioatrix

{1,2,3} - {{1}.{2}.{3}}
{{1.2,3}{a.b.c}} - {{1,a},{2,b}.{3,c}}

fTransposef[list_]:=1f[ArrayDepth[list] ==1, Transpose[{list}], Transpose[list]];

fRound returns thaumber rounded to thelig digits behind the floating point. The functiorListable.
fRound[123.4567, 2 123.46
fRound[{123.4567, 543.210},-1p {120., 540.}

f Round [nunber _, dig_] :=N[Round[nunber » (10~dig)]/ (10~dig)1;

fShow causes visibility of graphic objects, that aet to DisplayFunctiesldentity. fNShow, on the contrary, sets this optto prevent visibility. These functions come
useful when combining several graphic objects feteer ones.

f Show[pl ot __, options___ ]1:=Show[plot, D splayFunction: $D spl ayFuncti on, options];
f NShow[pl ot __]: =Show[pl ot, Di splayFunction: Identity];

fListPlot plots (lists in)keries side by side with optionalptions common for all ListPlot objects.

fListPlot[series_, options___]:=
Show[Gr aphi csArray[Li st Pl ot [#, options, DisplayFunction-ldentity] &/@series], D splayFuncti on- $Di spl ayFuncti on];

fPartition splits theist into (nonoverlaping) sublists of lengths definedublength. Following constraint on argument must be kepisE @sublengtk Length[list],
Example: fPartition[{1,2,3,4,5,6,7},{2,3,1}p {{1,2},{3,4,5},{6}}

fPartition[list_, sublength_]:=Mdule[{i, bl={}, b2=1},

For [i =1, i <Length[sublength], i ++,
bl = Append[bl, Take[list, {b2, (b2 =b2+sublengthi])-1}11;
1;
bl7y;
fAugment puts the sequence of matrices side by idey must be of the same length (number of rolane adopted from Mathcad.

f Augnent [matrices__]:= (Thread[f [matrices]] /. f » Join);

(* khkkhkkkkhkhhkhkhhhkkhhhkkhkkkk *)

fMatrixPlots displays amatrix in 3 variousListPlot s side by sideOptions add or respecify appearance parameters for camesgmy graphic function, for example
fMatrixPlots[matrix,{{Mesh-True},{},{}}] change mesh display to the first ploDefault options are {{MeshFalse}{},{ViewPoint—{-1.3,-2.4,1.5}}.

fMatrixPlots[matrix_, options_: {{}, {}, {}}]:="fShow[G aphi csArray[{
Li st Densi tyPl ot [matri x, Di splayFunction->ldentity, Sequenceee#l, Mesh - Fal se],
Li st Cont our Pl ot [matri x, Di splayFunction->ldentity, Sequenceee#2],
Li st Pl ot 3D[matri x, Di spl ayFunction-ldentity, Sequenceee#3, ViewPoint » {-1.3, -2.4, 1.5}]
} &eeoptions

15

fArgMinTensor returns either position of minimuneelent inheap tensor, or corresponding valuesang if included.
IIpos - optional argument, needed if theap contains (on its lowest level) a list of heterogeus elementslpos then specifies which element in the list is the ohparticu-
lar interest,
func - optional argument, specifies what function iplaga to search the tensor; by default Vs ,
*Examples:  fArgMinTensor[{{1,2,5,3},{4,1,0,2}}]- {2,3},
fArgMinTensor[{{1,2,5,3},{4,1,0,2}}, {{al,a2},{b1,b2,b3,b4}}] -» {a2,b3},
fArgMinTensor[{{1,2,5,3},{4,1,0,2}}, {{al,a2}},4,Max] - {al}.
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*Note: If more than one solution is found aAldSolutions—True is included in arguments field, the functitfrgMinTensor returns all solutions in ast. Otherwise it prints
a warning a returns the first solution found.

f ArgM nTensor [heap_, arg_List: {}, |l pos_Integer: 0, func_Synbol: Mn, rule_Rule: (All Solutions-sFalse)]:=
Modul e[ {aheap, apos, al engt h},
aheap =1 f [I | pos == O,
heap,
Map[Fl atten, Take[heap, Sequenceee Tabl e[All, {ArrayDepth[heap] -1}1, {llpos}], {-3}11;
apos =If [arg == {}, #, MapThread[Part, {arg, #}]] &/@Posi ti on[aheap, func[aheap]];
If[All Solutions /. rule,
apos,
I f [Lengt h[apos] > 1,
Print ["Warning: ", Length[apos], " solutions found. Add \"All Sol uti ons-»True\" to see themall."],1; apos[1] ]
1

fAggregationOperator is a set of the most freqaggregation operators. The specific type is chbsesettingtype to certain integer value, paramepeob serves in case
of Sierpinsky carpet (type 7). Besides commonlyaratbod operators as Last, Max, Min and Mean, tharebe found other OWA operators, generally exyaeas
Aay, 8, ...8q) = YL, Wi & where

type: notation; weights:

4w w = ()’ (i)

5 W w = ()’ (i)

6 Wibonace Wi = fy_is1/(fq+2 — 1) wheref is Fibonnaci numbdif; = fi_; + fi_o with f; = f, = 1)
7 Wsierpinskcarpe Wi = P(1— p)*for i <d, wg = (1- p)®*, p denotes initial probability

f Aggregati onOperator[list_, type_, prob_: 0.5]:=Mdul e[{ak, av, aw2, aw3, awsS, awF},
ak = Length[list];
av[i_, exp_]:= (i /7ak)™exp- ((i -1) /ak)"exp;
aw2 = Tabl e[av[i, 2], {i, ak, 1, -1}1;
aw3 = Tabl efav[i, 3], {i, ak, 1, -1}1;
awF = Tabl e[Fi bonacci [i ] / (Fi bonacci [ak +2] -1), {i, ak, 1, -1}] //N,
awsS = Tabl e[l f [i <ak, prob (1 -prob)”~ (i -1), (L-prob)~ (i -1)], {i, ak}] // N
Swi tch[type,
0, Last [list],

1, Max[list],

2, MnJlist],

3, Meanf[list],

4, Sum[aw2[i J*=listiQ, {i, ak}1,
5, Sum[awd[i I =list[iQ, {i, ak}],
6, Sum[awF[i J=list[iqQ, {i, ak}],
7, Sum[awS[i I *=listiQ, {i, ak}]
]

]

Diagnostic

fCorPlot[series_,k ]

fABHQICJseries,pmax]

fVABHQICJseries,pmax]

fELDEstimate[pDepData_,plndepDatalLagged_,pmax_,cons t_Integer:1,pindepDataCurrent_List:{},options___ ]
fVABHQIC[pDepData_,plndepDatalLagged_,pmax_,const_In teger:1,pIndepDataCurrent_List:{}]
fSpectrumToPeriod[spec_,k_]

fGreatestPeriods[series _,k_]

fSpectrumPlot[series_,periods_,plotoptions__ :{}]

fPeriodogram[series_,intervalP_,plotoptions___ ]

fChiSquarePValue[testst_,dof ]

fPortmanteauTest[residuals_,lag_]

fDurbinWatsonStatistic[res_?VectorQ]

fCorPlot returns correlation function plotted fategy variable included igeries (side by side) up to ldg
Requirements: TimeSeries (and affiliated "userforit package loaded.

fCorPl ot [series_, k_]:=Mdule[{n, cor},
n = Lengt h[series[1]];
cor =CorrelationFunction[#, k] &/@seri es;
Show[Gr aphi csArray[ nyplotcorr1[#, 2. /Sqgrt [n], Di splayFunction-ldentity] &/@cor], Di splayFunction- $D spl ayFuncti on]
1

fABHQIC returns GraphicsArray object containingdérinformation criteria in one plot. In case of mtime series included iseries, the plots are given side by side.
Parametepmax stands for maximal order of AR(p).
Requirements: TimeSeries pack loaded.

f ABHQ C[series_, pmax_]: = Mdul e[{seri, n, fAIC, fBIC fHQ C var},
seri =1f [VectorQ[series] =True, {series}, series];
n =Length[seri [117;
fAIC[lvar_, p_]1:=Log[lvar[pl] +2=* (1+p)/n;
fBIC[lvar_, p_]1:=Log[lvar[pl] +Log[n] = (1+p)/n;
fHQ C[lvar _, p_]:=Log[lvar[pl] +2=x*Log[Log[n]]* (1L+p)/n;
var = #[-1] & /@ Levi nsonDur bi nEsti mat e[#, pmax] &/e@seri ;
Show[G aphi csArray [Map [Show, Transpose[
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Map [
Li st Pl ot [#, Di splayFunction-ldentity] &
Qut er [Tabl e[#1[#2, p], {p, pmax}] & {fAIC fBIC fHQC}, var, 1],
{2}]
1, {1311, Di spl ayFuncti on: $Di spl ayFuncti on]
]

fVABHQIC returns Graphics object containing thraéormation criteria in one plot. Paramepenax stands for maximal order of VAR(p).
Requirements: TimeSeries pack loaded.

f VABHQ C[series_, pmax_]:=Mdule[{seri, m n, fVAIC fVBIC fVHQ C, var, det},

seri =1f [VectorQ[series] == True, {series}, series];

{m n} =D nensions[seri];

fVAIC[ldet _, p_]:=Log[ldet[p]]+2* (M+mM2=x%p)/n;

fVvBIC[ldet _, p_]:=Log[ldet[p]] +Log[n]* (M+mM2x%p)/n;

fVHQ C[l det _, p_1:=Log[ldet [p]] +2=x*Log[Log[n]]* (M+mM2xp) /n;

var = #[-1] & /@ Levi nsonDur bi nEsti mat e[Tr anspose[seri ], pnmax];

det = Tabl e[Det [var [i J], {i, pnmax}];

Show[
Li st Pl ot [#, DisplayFunction-ldentity] &/@Transpose[Tabl e[ {f VAI C[det, p], fVBI C[det, p], fVHQ C[det, p]l}, {p, pmex}]],
Di spl ayFuncti on:» $Di spl ayFuncti on]

]

Function fELDEestimate is an analogy and extentiiobevinsonDurbinEstimate procedure using classygad i + ¢1 X1 + ...+ ¢p X_p + ¢o % ordinary regression method
(NOT the Yule-Walker method), where the varialglecorresponds tpDepData, variablex; to plndepDatal agged andz to plndepDataCurrent (this is optional). The
constant termu is included by default. If not desired, sehst to zero. Variableg; andz can be a list of variables in the form, e{@x;1, X12, ---Xin}, {Xo1, X202, ---Xon}, --3-
Theoptions andoutput is inherited from system build-in function DesigiRegress. The function results ipmax-dimensional list.

f ELDEst i mat e[pDepDat a_, pl ndepDat aLagged_, pmax_, const_Integer: 1, plndepDataCurrent List: {}, options___]1:=NMdul e[
{con =1f [const == 0, {}, const], tlag="fTranspose[pl ndepDat aLagged],
tcur =1 f [Flatten[#] == {}, Table[{}, {Length[pDepData]}], fTranspose[#]] &[pl ndepDat aCurrent]}, Tabl e[Desi gnedRegress|
Tabl e[Fl atten[{con, tlag[t - Range[p]], tcur[tQ}], {t, p+1, Length[pDepData]}], Drop[pDepData, p], options], {p, 1, pmax}]

1;

fABHQIC returns GraphicsArray object containingeé information criteria in one plot. In case ofrsmtime series included pDepData, the plots are given side by side.
Arguments are inherited from function fELDEstimétee details thereby). pDepData contains several variables that are to be modeiibdthe same variables (either in
plndepDatal agged or plndepDataCurrent or both), these need not be listed multiple times.

Requirements: fELDEstimate (and Statistics Linegr@ssion™ pack loaded)

f ABHQ C[pDepDat a_, pl ndepDat aLagged_, pmax_, const _Integer: 1, plndepDataCurrent _List: {}]:=
Modul e[ {dep, indlag, indcur, n, fAIC fBIC fHQC var},
dep = | f [Vect or Q[pDepDat a] == True, {pDepData}, pDepData];
{indlag, indcur} = Nest [List, # Cip[l+ (Depth[dep] -Depth[#]), {0, 10}]1] &/@ {pl ndepDat aLagged, pl ndepDat aCurrent};
{i ndl ag, indcur} =
I f [Lengt h[#] # Lengt h[dep] ALengt h[dep] # 1 A Dept h[#] =4, Tabl e[#[1], {Length[dep]}], # ] &/e {i ndl ag, i ndcur };
n = Lengt h[dep[1]1];
fAIC[lvar _, p_]1:=Log[lvar[pl]+2=* (1l+p)/n;
fBIC[lvar_, p_1:=Log[lvar[pl] +Log[n] = (1+p)/n;
fHQ C[lvar _, p_]1:=Log[l var[pl] +2*Log[Log[n]] * (L +p) /n;
var = MapThread]
Esti mat edVari ance /. f ELDEsti mat e[#1, #2, pmax, const, #3, Regressi onReport -» Esti mat edVari ance] & {dep, indl ag, i ndcur}];
Show[G aphi csArray [Map [Show, Transpose[
Map [
Li st Pl ot [#, D splayFunction-ldentity] &
Qut er [Tabl e[#1[#2, p]l, {p, pmax}] & {fAIC fBIC fHQC}, var, 1],
{2}]
1, {1311, Di spl ayFuncti on: $Di spl ayFuncti on]
]

fSpectrumToPeriod returns periods correspondirigléangest spectral densitiesdpec.
fGreatestPeriods returns tk@bove periods for every time seriesénes.
Requirements:TimeSeries package loaded.

f Spect runToPeri od[spec_, k_]:=Mdul e[{hal f = Take[spec, Fl oor [Length[spec] /2]1},
N[Fl atten[Lengt h[spec] / (Position[hal f, _? (# 2 Sort [hal f][-k] &1 -1)]11]
I
fGreatestPeriods[series_, k_]:="fSpectrunmloPeriod[#, k] &/@ (Spectrum/eseri es)

fSpectrumPlot returns power spectrum plot for ewenyable included irgeries (side by side).

periods - list of periods T, for which (and also for thailves) the tics are drawn on x-axis in the formd Z (47 / T),
options - redefine appearance of the plot.

Requirements:TimeSeries (and affiliated "userfutig package loaded.

f SpectrunPl ot [series_, periods_, plotoptions__: {}]:=
Show[G aphi csArray[pl ot spect rum[#, plotoptions, Ticks » {Flatten[{2xn/#, 2% (2+x7/#)} &/@periods], Automatic}] &/e

(Spectrum/eseries)], DisplayFunction- $Di spl ayFuncti on];

fPeriodogram returns continuous plot of spectralsitees corresponding to periods (given as int¢y¥ai every time series inlcuded series.
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f Peri odogram[series_, interval P_, plotoptions___]: = Nbodul e[{seri , N, p},
seri =1f [VectorQ[series] ==True, {series}, series];
n =Length[seri [1117;

Show[G aphi csAr T ay [f [2_71;”_ [[i1 (#[[t]](;os[zg" t]]]2+ [

n ) 2 %7 2 .
Z(#[[t]] Sin| . t])] ] Prepend[i nterval P, p],
t=1

Di spl ayFunction - Identity, plotoptions]&/eseri] /. f »>Plot, DisplayFunction- $DisplayFunction]]
fChiSquarePValue returns right-sidgé(dof) p-value for theest statistic.
f Chi Squar ePVal ue[testst _, dof _]:=1-CDF[Chi SquareDi stribution[dof], testst];

fPortmanteauTest performes (multivariate, Ljung-Bpartmanteau test for serial independenceximresiduals with respect to maximal lag and ret@(isg) test statistic
with (k2 » | ag) degrees of freedom

f Port mant eauTest [residual s_, lag_] : = Modul e[ {f LaggedDat aMatri x, res, an, anl, ar, au, aroi nv, alLB},
(» fLaggedDataMatrix returns Tabl e[ {Yy, Yio1, ... Yiomax), {t, I max+1,n}]//Transpose if cut = False,
otherwise it cuts to (I max+1) x (n-l1 max) matrix, where n is the legth of Y *)
f LaggedDat aMatri x[Y_, I max_, cut_: False] : =
I f [cut, Take[#, | max -Length[Y]] & /@ (Drop[Y, -#] &/@Range[0, | max]), Drop[Y, -#] &/@Range[0, | max]];
res = f Transpose[resi dual s7;
an = Length[res];

ar = f LaggedDat aMat ri x[res, | ag];
au = (au = Mean[res]; Tabl e[au, {an}]);
ar = (anl = Lengt h[#]; Transpose[Take[ar[l] - au, -anl]]. (# - Take[au, -anl]) / (anl-1)) &/e@ar;

arli nv =l nverse[ar[lyl;
aLB = an? Sum[Tr [Transpose[ar[i +1]].ar0i nv.arfi +1].ar0inv]/ (an-i), {i, 1, lag}1;
{aLB, lagxLength[res //First]”2}

1

fDurbinWatsonStatistic returns D-W statistic f@s (only univariate). It is ranged between 0 and&rf@gct positive and perfect negative autocoreldtidnmeans no correla-
tions. Critical values are tabulated only.

f Dur bi nWat sonStatistic[res_?VectorQ@] : = Modul e[{be, bd}, be=Drop[res, 1]; bd =be -Drop[res, -1]; (bd.bd) / (be. be)1;

Linear regression design
fSDummy[S_,n_]

fTrigVar[periods_,n_]

f a[from_,to_,mX_,Y_]
fDeterministicsRemoval[series_,c_,It_,per_:{}]
flistepForecast[tmin_,from_,to_,mX_,Y ]

fSDummy returns Sxn matrix, where the s-th rowespnts seasonal dummy variable (1 if t=s and Qwibe) corresponding to season s,
/S - number of seasons, /n - number of time points

fSDumy[S_, n_]:=Table[lf [s=Fractional Part[(t -1) /7S] S+1, 1, 0], {s, 1, S}, {t, 1, n}];

fTrigVar returns (nx2 Length[periods]) matrix oigonometric polynomial elements to be used as detstic variable in a regression.
*Symbolic example: fTrigvar[{T1,T2},n] -
{{Cos[%{],Sin [£f],Cos [4f],Sin [4f]}, .. {Cos[4f n],Sin [4f n],Cos [£4 n],Sin [%5n]})}

fTrigVar [periods_, n_]:=Modul e[{per},
per =1f [Numeri cQ[peri ods], {periods}, periods];
Tabl e[Flatten[{Cos[2xt /#], Sin[2xt /#]} &/@eper], {t, 1, n}]
1

f® uses OLS to estimate parameter matrix throughifsgecange of time pointdriom, to, 1) given design matrimnX and respons¥.

to to
fe[from, to_, nX_, Y_]:=Inverse[ Quter [Times, nX[t I, nX[t 11]. Quter [Times, mX[t ], f Transpose[Y][t I1;

t=from t=from

fDeterministicsRemoval returns residuals from Ok§ression oferies on polynomial termsx,x!,... exponents are listed powers) and trigopnometric polynomial terms (
Cog 241, Sin 2] ,.... with T listed inperiods).

f Det ermi ni sti csRenoval [series_, powers_, periods_: {}]:=Mdul e[{an, at, apolyn, atrig, aX},
an = Length[series];
apol yn = at *powers;
atrig=Flatten[{Cos[2mat /#], Sin[2xat /#]} &/@|f [Length[periods] == 0, {periods}, periods]];
aX =N[Joi n[apol yn, atrig]]; aX=Tabl e[aX, {at, an}];
series-Flatten[aX f&[1l, an, aX, series]]

]

flstepForecast returns 1-step-ahead forecastsiferpoints &{from.... to}. Parameters of the model are being reestimatedyestep from the data (design matmiX and
responsé) at time ¢min, ... t-1}.



f 1stepForecast [tmin_, from, to_, mX_, Y_]:=NMdul e[{bt, bForecast},

bForecast = {};

For [bt =from bt <to, bt ++,

bFor ecast = Append[ bForecast, nmX[bt].f&[tm n, bt -1, mX, Y] 11;
bFor ecast

1
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Regime-switching
fTsayLTest[dMo_, p_, dEx_, q_,dTh_, d_,fAggF_:Last ]
fLMtypeLTest[dMo_,dEx_,order_,dTh_,delay_,fAggF_:La st,type_Integer:1]
fChiSquarePValue[testst_,dof ]

fLTestReport[{teststat_, dof }, siglevel ]
fExplainCRSOrder[order_]
fResidualsTest[dMo_,dEx_,order_,dTh_,par_,
fPortmanteauTest[residuals_,lag_]
fThresholdLimits[z_,frac_]
fThresholdRange[dTh_,frac_,ndp_]
fThresholdRange[dTh_,frac_,andp_,rounding_]
fConditionalRegimeSwitching[dMo_,dEx_,order_,dTh_,r

m Linearity test

fTsayLTest uses procedure of [Tsay1998] test efdrity (versus treshold regime-switching nonlirgri

- Input: dMo = {y1,y2,...\k} - modeled datagdEx = {x1,x2,...x} - exogenous datg) - order of AR modelg - order of exogenous dependency regressidh;- threshold
variable (single list)d - delay, fAggF - aggregation function.

- Output: {test statistic, degrees of freedom}

- Remark: If there is no exogenous variable tonotuded, theEx = {}.

f TsayLTest [dMo_, p_, dEx_, q_, dTh_, d_, fAggF_: Last]: =
l\/bdule[{an, ah, an0, ak, av, aTh, faDesi gnMatri x, aX, aY, a& aV, ae, an, ag aw, aS0, aSl, aC, adf},

an = Di nensi ons [dMd] [2];

ah = Max[p, g, dJI;

and = Round [3 Van |;

{ak, av} = Lengt h /e {dMb, dEx};

aTh = Tabl e[f AggF[dTh[Range[t -1, t -d, -11]1, {t, ah+1, an}];

ai = Ordering[aTh] + ah;

f aDesi gnMatri x[endo_, pp_, exo_, qq_] : = Modul e[{f bXen, fbXex},
If[pp=0, fbXen[i _]:={}, fbXen[i_]:=endof[ai [i ] -Range[pp]ll];
1f[qq =0, fbXex[i_]1:={}, fbXex[i_]:=exof[ai [i ] -Range[qq]l];
Tabl e[Fl atten[{1, fbXen[i], fbXex[i]}], {i, an-ah}]

1

aY = f Transpose[dMd];

aX = faDesi gnMatri x[aY, p, fTranspose[dEx], q];

aY¥Y =Tabl e[aY[ai[i]], {i, an-ah}];

ag = PadLeft [Tabl e[l nverse[Transpose[aX[Range[1l, m]]]. aX[Range[1l, m]]].
Transpose[aX[Range[1, m]]]. aY[Range[l, m]], {m anD, an-ah}], an-ah, {0}];

aV = PadLeft [Tabl e[
I nverse[Transpose[Take[aX, m]]. Take[aX, m]],
{m an0, an-ah}], an-ah, {0}];

ae = PadLeft [Tabl e[ aY[i ] -aX[i J.a&[i -1] , {i, anD+1, an-ah}], an-ah, {0}];
an = PadLeft [Table[ae[i ]/ (1 +aX[i J.aV[Ii -17.aX[i1)?, {i, anD+1, an-ah}], an-ah, {0}];
a® = | nverse[Transpose[aX[Range[anD +1, an -ah]]]. aX[Range[anD + 1, an -ah]]].

Transpose[aX[Range[anD + 1, an - ah]]]. an[Range[anD + 1, an -ah]];

aw = PadLeft [Tabl e[ an[i] -aX[i ].a®, {i, anD+1, an-ah}], an-ah, {0}];

1 an-ah
as0z —m8M Quter [Tines, an[i 1, anli 11;
an—ah—an0i=;+l [ i 1. anli 11

1 an-ah
aSlz —m8M Quter [Tinmes, aw[i I, aw[i 11;
an—ah—an0i=;+l [ [ 1, awi 1]

aC= (an-ah-anD - (akp+avq +1)) (Log[Det [aS0]] - Log[Det [aS1]]);
adf =ak (akp+avqg+1);
{aC, adf}

I;

fLM ypelLTest [dMo_, dEx_, order_, dTh_, delay_, fAggF_: Last, type_Integer: 1] : = Modul e[
{f PaddedDesi gnMat ri x, f ThresVar AggMatri x, f Transpose, fAugnent, f1si dedx2pval ue, f2si dedx2pval ue,

ah, an,
aX, aY¥Y, ag, ae, axXnc, aXext, aQ a=0, azl, aLM3, adf},
(% ————- subroutine functions ----- *)

& ,dRes_,orderRes_,startDelay _Integer:1,AggFu_:Last]

egimes_,parameters_, specifications_:{110}]

fLMtypeLTest uses procedure for linearity tek{ VAR) against smooth regime-switching nonlineaptpposed by [Luukkonen,Saikkonen and Terasvir@8)9and
[Escribano and Jorda(1999)] further extended taiwariate case. The input is similar to that fondtion fConditional RegimeSwitching (Current version of fLMtypeLTest
is temporary, the final one is meant to be incluihetConditionalRegimeSwitching).
- Input: dMo = {y1,y2,...\k} - modeled datagdEx = {x1,x2,...x} - exogenous datajyrder = {p,q} order of AR and exogenous dependency resjoesdTh - threshold variable
(single list);delay - delay in threshold variabléAggF - aggregation functiontype = 1 if Hy: LogisticSTAR otherwisél;: ExponentialSTAR

- Output: {test statistic, degrees of freedom}

- Remark: If there is no exogenous variable tonotuded, theEx = {}.
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(* single -regime design matrix construction function - padded to be of full length
- k x n modeled and exogenous data
- orderr={p,q} of auto and exogen regression
- const = 1 if constant term is desired in regression, otherwise const = {} %)

f PaddedDesi gnMat ri x[model ed_, exogenous_, orderr_, const_: 1] : = Mdul e[{bTnho, bTex, bXmo, bXex, bh, bn},
{bTno, bTex} =1f [ArrayDept h[#] == 1, Transpose[{#}], Transpose[#]] &/@ {npdel ed, exogenous};
bn = Max [Length /@ {bTno, bTex}];
bh = Max[orderr]; {bp, bg} =orderr;

If [bp==0]| Lengt h[nodel ed] == 0, bXnmo[i _]:={}, bXno[i_]:=Table[bTrmo[i -j1, {j, bp}11;
If[bg==0]]|Length[exogenous] =0, bXex[i _]:={}, bXex[i_]:=Table[bTex[i -j1, {j, bq}11;
PadLeft [Tabl e[Fl atten[{const, bXnD[i ], bXex[i 1}], {i, bh+1, bn}], bn, {{}}11;
(» fThresVarAggMatrix returns matrix of threshold variable values

- threshold variable q ¢ = AggF[{dThV; i,..dThV { 4}], where AggF is aggregation function of list of arguments
- padded with {} to make a time -point and value index to coincide
- requires  order (parent module variable )

Example: fThresVarAggMatrix1 [{1,2,3,4,5,6,7 }, {24 y,Last 1 - { {}, {{},{}.12345 .oy, ({3 (3 {31423 1 ) %)
f ThresVar Aggvat ri x[dat aThresVar _, val ueDel ay_, nameAggF_] : = Modul e[ {bn, btabl, btab2, bi},
bn = Lengt h[dat aThresVar J;
bt abl =
Quter [I f [Max[order, #1] < #2, naneAggF[dat aThresVar [ Rever se[Range [#2 - #1, #2 -1]1]1 11, {}] & val uebDel ay, Range[bn]];
bt ab2 = Tabl e[ {}, {Max[val ueDel ay]}];
For [bi =1, bi <Length[val ueDel ay], bi ++,
bt ab2[val ueDel ay[bi 1] = btablfbi T 1;
bt ab27];
(» fTranspose makes transposition even of one -dimensional matrix
{1,23 } - {{1}, {2}, {3}}
({123 }, {abc }} » {{lLa}, {2b}, {3, }}
Note: The If -condition with $VersionNumber is just for demonstration purpose,
there is no difference in performance between ArrayDepth (Mathematica from v .5 up ) and Length oDimensions x)
I f [$Ver si onNunber 2 5,
f Transposef[list_]:=I1f[ArrayDepth[list] ==1, Transpose[{list}], Transpose[list]],
f Transposef[list_]:=1f[Length[Di mensions[list]] ==1, Transpose[{list}], Transpose[list]]
IN
(» augments the arg sequence of matrices - must be of the same dimensions; (name adopted from Mathcad ) =x)
f Augnent [arg__] : = (Thread[f [arg]] /. f » Join);

(» ---- variables definition —--- )
ah = Max [order, del ay];
an = Lengt h[dTh];

(* —-—- main routine ---- )
(» -- linear regression of Yi on X -- %)
aX = Drop [f PaddedDesi gnivat ri x[dMb, dEx, order], ahj;
aY = Drop[f Transpose[dMd], ah];
as = | nverse[Transpose[aX]. aX]. Transpose[aX]. aY;
ae = aY - aX ag;
ax0 = Transpose[ae]. ae;
(* -- linear regression of yeon X, X Or, X Qi3 X gid -- )
axXnc = Drop[f PaddedDesi gnMat ri x[dMb, dEx, order, {}]1, ah];
aY = Drop[f Transpose[dMd], ah];
aQ=Drop[f ThresVar Agghvatri x[dTh, {del ay}, fAggF][del ay], ah]; (x it works iff delay is an integer, not a list x)
axext =
I f [type =1, fAugment [aX, aXncxaQ aXncxaQ*2, aXncxaQ"3], fAugnent [aX, aXnc xaQ aXncxaQ"2, aXncxaQ*3, aXncxaQ*411;
ag = | f [a® = Transpose[aXext ]. aXext; Matri xRank[a&] < Lengt h[a&],
Print ["Warni ng: Singular or badly conditioned matrix for delay=",
del ay, ". Pseudol nverse enforced."]; Pseudol nversel[a&],
I nverse[ag]]. Transpose[aXext ]. aY,;
ae = aY - aXext. ag;
azl = Transpose[ae]. ae;
(+ —— test -- %)
aLMB = (an - ah) (Log[Det [a=0]] - Log[Det [a=1]]); (% test statistics =)
adf =I1f [type==1, 3, 4] xLengt h[dMd] % (1 + Map[Length, {dMb, dEx}].order); (* degrees of freedom x)

{aLMB, adf }1;

fLTestReport returns summary report of linearitstte

- Input: {test statistic, degreesf freedom},significancelevel (e.g., 0.95)

- Output as table: test statistic, degrees of regg/?>-quantile, "rejection of alternative hypothesisionlinearity (True or False)", one-sided p-value
Requirements: Statistics 'HypothesisTests" paclkagizd.

fLTest Report [{teststat _, dof 3}, siglevel _]:=Mdule[{quantile}, Tabl eForm[ {
{"t.statistic", "dof", "quantile", "linear ?", "p-value"}, Join[{teststat, dof},
{quantil e =Quantil e[Chi SquareDi stribution[dof], siglevel], (teststat <quantile), fChi SquarePVal ue[teststat, dof]1}1}1]

m Residuals test

fExplainCRSOrder extracts all information frawder (as defined byGonditionaRegimeSwitching), i.e.:
{number of regimes, No. of endog. variables peimegp.r. onward), No. of exog. variables p.r., Mblagged values of envars per variable(p.v.) pNa, of (not only
lagged) values of exvars p.v. p.r., maximal lagnwars p.v. p.r., maximal lag in exvars p.v. pength of regressor (1+kp+lq) p.r.}

Example: fExplainCRSOrder[{{{{1,2,4}}.{{0N}.{{{1.2 }{1.2,3}.{}}] - {2,{1,2},{1,01.{{3}.{2,3}}.{{1}.{}}.{{4}.{2,3}}.{ 0}.{3}{5.6}}



f Expl ai nCRSOr der [order _] : = Mbdul e[ {am ak, al, ap, aq, apmax, agmex, akK},

1

am= Lengt h[order];

{ak, al } = (Appl y[f, order, {2}] /. {f » (Length[{##}] & }) A |, #] &/e@ {1, 2};
{ap, aq} = (Appl y[f, order, {3}] /. {f » (Length[{##}] & }IA |, #] &/e@ {1, 2};
{apmax, aqmax} = (Apply[f, order, {3}] /. {f - Max})[A |, #] & /e {1, 2};

aK = MapThread[ (1 + #1 + #2) & {Pl us eeeap, Pl us eeeaq}];

Appendix 3

(*?? aK=MapThread[ (1+#1. #3+#2. #4)&, {Tabl e[1, {#}]&/@ak, Tabl e[1, {#}]&/@al , ap, aq}] ??%)

{am ak, al, ap, aq, apmax, agmax, aK}

fResidualsTest returns table of p-values corresipgno test for residual serial correlatio( serial independence) and nonlinearkty:(linearity).
dMo, dEx, dTh - kxn, Ixn, nx1 endogenous, exogenous and threshold varialkde dat
order,par,®, dRes - order of regression in the full form, parametgs, 7), 2 (1+kp+lg)xk parameter matrix, 2x(n-Magjqg,d]) residuals. Output frorfConditional Regime-
Switching (3rd and 2nd mode).

orderRes - order of AR for residuals in the test of residaiatocorrelations,

startDelay -

starting laglp in AggFu[{dTh_q,, ...,dTh_q}], where AggFu is the name of aggregation function.

f Resi dual sTest [dMo_, dEx_, order_, dTh_, par_, & , dRes_, orderRes_, startDelay_Integer: 1, AggFu_: Last]: =
Modul e[{f PaddedDesi gnMat ri x, f ThresVar Agghatri x,
aK, ad, ac, ay, an, ah, ae, az, aX, adFdg&l, adFds2, adFdy, adFdr, ael, aXext, aed, au, a=0, a=1, aLMsi, aconst, aXs123, aLMi n},

(% =—— e subroutine functions =  —---mmmmmm -

(» fDMRow creates ti'" row of singleregime design matrix,

/mo, ex - kl1,k2 x n modeled and exogenous data,
/or - order of ARX = lag specification for every variable,
/const = 1 if constant term is desired in regression, otherwise const = {},
Example: if a ={al,a2,a3,a4,a5,a6 1,b ={b1,b2,b3,b4,b5,b6 1
then fDMRow [6, {a}, {a,b }, {{{0,1,2 1}, {{}, {0}}}]—~{1,a6,a5,a4,b6 1 %)
f DMRow[ti _, no_, ex_, or_, const_: 1] :=NModul e[{bXnD, bXex},
bXno = MapThread[Part, {mo, ti -or [1]}1;
bXex = MapThread[Part, {ex, ti -or [2]}];
Fl atten[{const, bXnp, bXex}]
1
(» fThresVarAggVectorRow returns value of threshold variable corresponding to time "ti".
- threshold variable z t = AgQQF[{ThresvVar {_pelay [17....,ThresVar t-Delay 27} 1,
Example: fThresVarAggVector (4, {1,2,3,4,5,6,7 1, {13 },Last ] - 1 %)
f ThresVar AggVect or Row[ti _, dataThresVar_, rangeDel ay_, naneAggF_]: =
| f [Max [rangeDel ay] <ti, naneAggF[dat aThresVar[ti - Range e@rangeDel ay 11, {}1;
(» fStackAndPad function encapsulates the Table and PadLeft functions *)

*)

f St ackAndPad[function_, from, to_, args__]:=PadLeft [Tabl e[function[i, args], {i, from to}], to, {{}}];

(% === variables definiton =~ = @ -

aK = f Expl ai nCRSCOr der [or der ] [81;
| f [Equal eeorder, ,

_____ *)

Print ["Error: This procedure is designed only for the same order of regression in both regines. Calculation aborted."];

Abort []; 1;
{ad, ar, ay} =1f [Length[par] =3, par, Append[par, 20]1];
{agl, as2} =fPartition[s akK];
an = Di nensi ons [dMb] [21;
ah = an - D nensi ons [dRes] [2];
ae = PadLeft [Transpose[dRes], an];

az =f St ackAndPad[f Thr esVar AggVect or Row ad + 1, an, dTh, {startDel ay, ad}, AggFul;

aX = f St ackAndPad [f DMRow, ah, an, dMb, dEx, #, 1] & /@order;

{adFdal, adFd&2, adFdy, adFdr} = Tr anspose[TabI e[aexp = Exp[-ay (az[[t] -ar)]; aXe2ml = (aX[2, t].as2 - aX[1, t].asl);

{aX[[l t1 (1 1 ) axX[2, t] aXa2ml (az[t] -ar) aexp axa2nl ay aexp
’ l+aexp) 1l+aexp ' (1 +aexp)? ’ (1 +aexp)?
(* »*x%xx%xx%x% test for residual corelations Kk k kKKK *)

ael =Tabl e[Fl atten[ae[Range[t -1, t -orderRes, -11]1, {t, ah+orderRes +1, an}];

aXext =fAugnment ee Append[Drop[#, orderRes] & /e {adFdsl, adFd&2, adFdy, adFdr}, ael ];

aed = Drop[ae, orderRes +ah];

au = aed - aXext. (I nverse[Transpose[aXext ]. aXext ]. Transpose[aXext ]. aed);

az0 = Transpose[aed]. aed;

azl = Transpose[au]. au;

aLMsi = (an - ah -orderRes) (Log[Det [a=0]] - Log[Det [a=1]]);

(* **xx%x%x%% test for residual nonlinearity -- not for different orders in regimes

aconst = (I f [Menber Q[Fl atten[Transpose[aX][-1, 111, az[-111, {}, 11; {}); (= 2check

aX = f St ackAndPad [f DVMRow, ah, an, dMb, dEx, order [1], aconst ];

axXsl1l23 = Transpose[Tabl e[{aX[tJ az[t], aX[tJaz[t1"2, aX[t]azot1”3}, {t, ah+1, an}]l;

aXext =f Augnent ee Joi n[{adFd&l, adFd®2, adFdy, adFdr}, aXs123];

aed = Drop[ae, ahl;

au = aed - aXext. (Pseudol nver se[Tr anspose[aXext ]. aXext ]. Transpose [aXext ]. aed);
az0 = Transpose[aed]. aed;

azl = Transpose[au]. au;

aLMin = (an -ah) (Log[Det [a=0]] - Log[Det [a=1]1]);

}, {t, ah+1, an}]];

P kkkkkkhdh %)

{{"test for:", "p-value:"},
{"serial independence ", fChi Squar ePVal ue[aLMsi, Lengt h[dMo] xorder Res]},
{"l'inearity ", fChi SquarePVal ue[aLM in, 3xLength[dMb] » (aK[1] -1 + UnitStep[Max[aconst]])]}

} // Tabl eForm

|E
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m Conditional estimation

fThresholdLimits returns {min,max} values of thredth asfrac % percentiles of
fThresholdLimts[z_, frac_]:=Sort [z][Round[{Length[z] xfrac, Length[z]* (1-frac)} 11

fThresholdRange(3 arguments) returns {min,max,}d@mpnat for threshold values
dTh - threshold variable,
frac - fraction, of whichdTh is being shortened from its begining as well agfits tail,
ndp - number of discrete points desired to get froenrdnge,
Note: the function uses rounding at the expeakéac exactitude.

f Threshol dRange[dTh_, frac_, ndp_]: = Mdul e[{tnp, tnpl, tnmp2, tnp3},
tnp2 = f Round[ (t mp = f Threshol dLi mi t s[dTh, frac]) / (tnpl = -Subtract eetnp/ (ndp -1)), 11;
tnmp3 =0-Real Digits[tmp2«tnmpl-tnp][l, 21;

Append [t mp2 = #, #] &[f Round[t npl, tmp3]]

I

fThresholdRange(4 arguments) returns {min,max,}di@mnat for threshold values,
dTh - threshold variable,
frac - fraction, of whichdTh is being shortened from its begining as well agfits tail,
andp - approximate number of discrete points desiregetdrom the range,
rounding - specifies number of digits to the right of dealmoint; if rounding < 0 then the Real becomesdet ending with as many number of zeros,
Note: the function uses rounding at the expeasaadp exactitude.

f Threshol dRange[dTh_, frac_, andp_, rounding_]: =
Append[#, fRound[- (Subtract ee#) /andp, roundi ng] ] &[ f Round[f Threshol dLi m ts[dTh, frac], roundi ng] ]

(* khkkkkkkkkkkkhkkkkkkkkkkkk* *)

fConditionalRegimeSwitching solves nonlinear regismétching models like Threshold VAR, and Smoothisition VAR for a set of modeled and exogenous teees.
The procedure is based on Ordinary Least Squatiesa¢ien conditional on fixed values of the nonkngy-causing "parameters"”. These are:

- delay "d" to be used for threshold variable,

- threshold "r" to be compared with threshold Valea

- smooth transition parameter'determining the speed of transition between regim

Description of function input:
dMo - k1 x n modeled data, whekd is number of variables amdength of time-series,
dEx - k2 x n exogenous data, whek2 is number of exogenous variables,
order - order of (Auto)Regressive models, eitpgthenq = p) or {p, g}, wherep is order of AR andj exogenous regression order. In order to defindsie sepa-
rately for every regime, lags must be fully lisegdeast for the first regime (for details, refefuinctionfOrder),
dTh - threshold variable data, must be of the samgtteasdMo anddEx, but univariate. If threshold variable is one lod inodeled, it is possible to type only the
position indMo.
regimes - number of regimes,
parameters - range or values of parameters values in theviatig order:d, r, y. A range is considered only if constituted by Buea: {min,max,step}. *Example:
{{2},{-1,1.35, 0.1}} where d has only one value (2) amd-1,-0.9,-0.8,...1.3), where the step is 0.1. Petary is not taken into account in this example setophs
switching between regimes is automaticaly crisp = ¢1 X | [Z¢ <C] + ¢2 X | [z¢ > c]). Otherwise a smooth transition function is choaecording to specifica-
tions. *Another example: {{2,4},1.25,{18,0,1000,3B@vhere d = {2,3, 4}, r={1.25} (meaningful ifregimes = 2), andy ={18,0,1000, 340} (values can be specified if thei
number is either 1, 2 or 4, 5...),
specifications - list of switches and additional parameters faessing various model extensions, symbolicalyd&pepec2, spe¢3.} where,
- specl= abcd...,
a - main purpose - output:
a=1 - sum of squares of residuals (trace of cavee matrix if Vector(S)TAR model estimated,
a=2-{®,2res}, i.e. parameter and covariance matrix, regd&lu
a= 3 - {AIC,BIC} = Akaike and Schwarz(Bayesian) Imfoation Criteria,
a=4-{YanbonF:1 - Yan-bnEs1s - » Yan - Yan}' = Tforecast errors (evaluated at the tagt time points),
a=5-{Yn,1 Yn.2 ..  Yn.n} =h-steps-ahead forecast,
b - smooth transition function type € 1: logistic,b = 2: exponential),
c - threshold variable construction type,
c=0-z; = dTht,d s
c=1-z; = AggF[{dTh; 1, ..., dTh td} 1,
c=2-z¢y = AggF[{dThy, ..., dTh {_4}],
- spec2 - aggregation function name (the functiostralready be defined above), its argument mustltst of values. Functiobast is set by default.
- spec3 - is purpose-dependent,
fora=1,a =2, there is no specification,
for a = 3, specification of how to obtain downsizing nfagitions of order, or / and additional orders. 8etails to functioAicBic (fOrderAlternatives).
fora=4,a =5, {size of sample-tail used for forecast evhra number of forecast steps, number of MonteCierations, out-of-sample{exogenous, threshold}
variable values}. See details to functibiorecast.
The default specification setup is {110} and neetllre included at the end of arguments.

Note 1: Forecasting procedure uses fuction RandomAmtagh is the part of several Mathematica standackages. It is required to pre load one of them.
Note 2: The outcome is stored in a system of succdganested lists according@ »r; - ... »rs1, 1~ ... - ¥, . ,thatis, firstlevel refers to delay,
etc. The last levels depend on main purpose.
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f Condi ti onal Regi meSwi t chi ng[dMb_, dEx_, order_, dTh_, regi nes_, paranmeters_, specifications_: {110}] : = Modul e[
{f Thr eshol dCondi ti ons, fSnmoot hTransitionMiltipliers, flLogisticSTF, fExponential STF, f Regi meMul tiplier,
fOrder, fDVRow, fMilti Regi meDesi gnMatri xRow f StackAndPad, f ParVal, f ThresVar AggVect or Row, fi D,
fOLS, fOLSres, fOrderAlternatives, fAicBic, fKStepForecast, fForecast, fParanmeterlList, fOnError,
an, ak, ah, aY, ai MoTh, adTh, aSpec, af AggF, aOrder, asNane, aNameP, aVal P, apRM apX, aD, avXxD, aQxD, arr, aB2A, aQut put},

(% ————- SHARED subroutine functions ----- *)
(= fThresholdConditions returns list of all
possible cases of threshold variable (name reserved to'z’ ) relation to threshold values
E.g.: fThresholdConditions [{rlr2 }] - {z=<rl,z >rl&&z <12,z >r2 } =x)
f Threshol dCondi ti ons[r_] : = Mdul e[{arbl, arb2},
Clear [z]; (* just in case... x)

arbl = Transpose[Qut er [#1[z, #2] & {LessEqual, Geater}, rll;
arb2 = Joi n[#, Flatten[arbl], #] &[{True}];
Appl y[And, Partition[arb2, 27, 1]

1
(» fSmoothTransitionMultipliers returns list of regime multipliers to be used for design matrix construction;

- The name of threshold variable is reserved to z', name of transition function to "G’

E.g.: fSmoothTransitionMultipliers [{rl 3}, {v1}] - {1-G[zrl, ¥11,G[zrl, 1]}
fSmoothTransitionMultipliers ({r,r2 3, {v1, ¥2}] - {1-G[z,rl, y11,G[zrl, 1]1-G[z,2, ¥2],G[zr2, ¥2]} =)
f Smoot hTransitionMul tipliers[r_, y_1:=NMdule[{arbl, arb2, arb3},
Cl ear [z, G];

arbl = I nner [G[z, #1, #2] &, r, ¥, List];
arb2 = CQuter [Ti nes, arbl, {-1, 1}1;

arb3 = Joi n[#1, Flatten[arb2], #2] &[{1}, {0}1;
Appl y [Pl us, Partition[arb3, 2], 1]

1
(* Logistic Smooth Transition Function with threshold variable “z°, threshold value ‘r" and smoothness parameter ° Y %)

l .
1+Expl-¥ (z-1)1"
(* Exponential Smooth Transition Function with threshold variable “z’,
threshold value °r and smoothness parameter ° Y %)
f Exponential STF[z_, r_, v ]1:=1-Exp[-¥ (z-r)"2];
(» fRegimeMultiplier returns list of regime multipliers to be
used for design matrix construction. The name of threshold variable is reserved to °z’;

fLogisticSTF[z_, r_, ¥_1:=

Examples: fRegimeMultiplier [{{riy]1- {If [z<r, 1,0 1,0f [z>r,10 7]};
fRegimeMultiplier [{{r}, {v}}]= fRegimeMultiplier ({{r}, (il - (-2~ = 1
fRegimeMultiplier [{{r}, {¥y11.2 1~ {e**”Z)Z vl —e (T2)? Y};
Note: {r} can be ({ri,r2,... 1, and  {y}- {vl, v¥2,... } =*)

f Regi meMul tiplier[arg_, snoot hTFtype_: 1] : = Mbdul e[ {arbl},
If [Length[arg] =1,
arbl = (f Threshol dCondi ti onseearg); |If[#, 1, 0] &/@arbl,
arbl = (f Snoot hTransitionMul tiplierseearg); Switch[snmoot hTFtype,
1, arbl /. G- flLogisticSTF,
2, arbl /. G- fExponenti al STF]
]
1
(» fOrder returns s x2 nested list of input variables lags used in regression in each regime,
/ord - user input ARX order specification,

/dimMo, dimEx - numbers of modeled and exogenous variables,

/reg - number of regimes,

Note: zero lag of modeled variables is considered as {1}, i.e. variable is excluded from regression,

unless set on the deepest level (which is then, however, a total nonsense )

Levels structure: 1. level: regimes, 2. level: endo /exogeneity, 3. level: variables, 4. level: complete list of lags,

Examples: fOrder [0, {1,2 },2 ]>{{{{}}, {{0}, {0} }}, {{{}}, {{0}, {O}}}}
fOrder [{3,1}, {12 },2 1->{{{{1,23 }}, ({1}, {1}}}, {{{1.23 }}, {{1}, {1}}}}

fOrder [{{3}, {10 }}, {1.2 },2 1>{{{{123 }}, {{1}, {0}}}, {{{123 }}, {{1}, {0}}}}
fOrder [{{{3}}, {{}.0 1}, {12 },2 1=>{{{{3}}, {{}, {0} }}, {{{3}}, {{}, {0}}}}
fOrder [{{{{3}}, ({}.013}3.0}, {12 },2 1->{{{{3}}, {{}, {O}}}, {{{}}, {{0}, {O}}}},
Note: In order to define the lags separately for every regime, first regime must be specified at
least to 3 rd level and the dimension of first level must be equal to reg (see the last example ) *)

fOrder [ord_, {dimvb_, dinEx_}, reg_]:=Mdul e[{bfLag},
bf Lag[lag_, {k1_, k2_3}1:=Mdul e[{bTnp},
bTnp = I f [Length[l ag] == 0, {lag, |ag}, |agl;
bTnp = MapThread[l f [Lengt h[#1] == O, Tabl e[#1, {#2}], #1] & {bTnp, {k1, k2}}1;
I f [(Length/@ebTnp) # {k1, k2}, Print ["Lag mi sspecification"]; Abort[]];
bTnp = MapAt [Repl ace[#, 0 - {0}, 2] & bTnp, 2];
Map [l f [Lengt h[#] == 0 A - Vector Q[#], Table[i, {i, 1, #}], #]1 & bTnp, {2}]
1
If [Length[ord] ==regALength[ord[1] ] ==2A (Length /e ord[1]) == {di m\vb, di nEx},
bf Lag[#, {di mVb, di nEx}] &/e@ord,
Tabl e[bf Lag[ord, {di mVb, di nEx}], {reg}]
]
1
(» fStackAndPad function encapsulates the Table and PadLeft functions *)
f St ackAndPad[function_, from, to_, args__]:=PadLeft [Tabl e[function[i, args], {i, from to}], to, {{}}1;
(» fDMRow creates ti'" row of singleregime design matrix,
/mo, ex - kl1,k2 x n modeled and exogenous data,
/or - order of ARX = lag specification for every variable,
/const = 1 if constant term is desired in regression, otherwise const = {},
Example: if a ={al,a2,a3,a4,a5,a6 1,b ={b1,b2,b3,b4,b5,b6 1
then fDMRow [6, {a}, {ab }, {{{0,1,2 }}, {{}, {0}}}]=>{1,a6,a5,a4,b6 } =*)
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f DMRow([ti _, mo_, ex_, or_, const_: 1] : = Modul e[ {bXnD, bXex},
bXno = MapThread[Part, {mo, ti -or [1]}1;
bXex = MapThread[Part, {ex, ti -or[2]}];
Fl atten[{const, bXnp, bXex}]

1

(» fMultiRegimeDesignMatrixRow multiplies ti'" row of singleregime matrix by its corresponding regime multiplier,

- fDMRow function required (shares most of the arguments ),

/or - list of order specifications for each regime,

/regmultiplier - either vector of length =regimes, or time -ordered list of such vectors,

Example: fMultiRegimeDesignMatrixRow (6, {a}, {ab }, {{{{L1,2 3}, {{O}, {131}, {{{}}, {{O}, {O}}}}, {XYy }]1~
{x,a5 x,a4 x,a6 x,b5 x\y,a6 y,b6 y }, where x,y are some regime multiplers *)

fMul ti Regi meDesi gnMatri xRow[ti _, mo_, ex_, or_, regmultiplier_]:=Mdule[{bMiltiDvatrix, bRVplier},
bwul ti DMvatri x = f DMRow[ti, nD, ex, #] &/e@or;
bRMWplier =1f [Length[regnultiplier] ==regines, regmultiplier, regmultiplierfti]l;
Flatten[ MapThread[Ti nes, {bMulti DMvatrix, bRWplier}]]
1
(» fParVal returns list of symbolic parameter names and their corresponding values.;
fParVal transforms the list of parameter specification

(either a single value, list of values or a range list ) into list of parameter values placed into

separate sublist for every parameter in each regime transition. The first parameter (delay ) is regime
invariant. List of parameter values can also be specified directly for every regime transition.;
Note: Any sublist in val must be of length 2 or 3 to be considered as a range definition,;
Example: fParval [3, {"d","r")" Y"1, {1, {{24,31 },{6}},{131}}] ~

{({{d1}, {r1r2 3}, {¥1, ¥2}}, {{{1}}, ({2431 1}, (6}}, ({123 }, (1,23 }}}} %)
f Par Val [regs_, nane_, val _]:=NModul e[{bVal, bReg, bNam},
bReg = Join[ {1}, Table[regs -1, {Length[val ] -1}11;
bNam= | nner [f Par anet er Li st [#1, #2, "", 0] & name, bReg, List];
bVal =1f [Depth[#] > 1, #, {#}] &/eval ;
bReg = Joi n[ {1}, Table[regs -1, {Length[val ] -1}11;
bVal = MapThr ead[
Whi ch[
Dept h[#1] == 2, Tabl e[l f [Menber Q[ {3}, Length[#1]], Rangeee#1, #1], {#2}],
Dept h[#1] == 3 AlLength[#1] == (regs -1) AMn[Depth/e#1] =2, #1,
1==1, Print ["Paraneter nisspecification"]; Abort[];
1& {bVal, bReg}
1

{bNam bVal }
1
(» fThresVarAggVectorRow returns value of threshold variable corresponding to time "ti"

- threshold variable q t = AggF[{dThV;_1 (0),....dThV  {_4}], where AggF is aggregation function of list _____of arguments,
and starting lag depends on specification (aSpec [3])

- valueDelay must be a single value

- requires aSpec (parent module variable )

Example: (aSpec[3]=1) fThresVarAggVector 13, {1,2,3,4,5,6,7 1,2,Last ] - 1 %)
f ThresVar AggVect or Row[ti _, dataThresVar_, val ueDel ay_, naneAggF_]: =
| f [val ueDel ay <ti,
nameAggF[dat aThresVar [ Reverse[Range[ti -val ueDel ay, ti -If [aSpec[3] == 2, O, Sign[val ueDelay]] 1111, {}1;

(» fiD returns position of d in aD x)

fiD[d_]:=Position[aD, d][1, 11;

(» fOLS returns - rule of input parameters, estimated param.matrix & and covariance matrix 2,

and residuals (if resQis True ) - ordinary least squares estimates from the data up to timepoint tmax «)

fOLS[tmax_, val p_, resQ_: Fal se] : = Modul e[{bname, bd, bh, brule, bvX, bg, bz, bres},
bnane = Fl att en[aNanmeP];
bd = val p[11;
bh = Max [ah, bd];
brul e = Thread[Rul e [bnane, val p]11];
bvX =avXxD[fi D[bd] ] /. brule;

t max t max
bz = I nverse]| Z Quter [Ti mes, bvX[bt I, bvX[ bt 11]. Z Quter [Ti mes, bvX[bt T, aYy[bt 171;
bt =bh+1 bt =bh+1

bres = Tabl e[aY[ bt ] -bvX[ bt J.bg, {bt, bh+1, tnmax}];
bz = (f Transpose[bres]. bres) / (t max - bh);

If[resQ {brule, bs bz, Transpose[bres]}, {brule, bs b=z}]

I;

(% ————- SPECI FI C subroutine functions ----- *)

(» fOrderAlternatives returns the list of all possible (restricted by spec ) "subsets" of order given by "ord",
(the first element in corresponding (lowest level ) field is preserved, e.g. if the lag starts like {2,. 1,
the most parsimonious version will be {2}, or if there' s no element then {1={} ),

\ord - full specified order (system of lags ),

\spec = xyz - specification of how to perform downsizing in order "ord",
neither part is compulsory (unless it is followed by others ) - missing values are added from the default 110,
X = 1 - decrease orders in all regimes simultaneously,

X = 2 - --//-- per regimes,

y = 1 - decrease orders for endo - and exogenous variables simultaneously,

y = 2 - —--//-- separately,

z = 0 - decrease orders for both endo - and exogenous variables,

z =1 - --//-- only endogenous variables,

z = 2 - --//-- only exogenous variables,

Example: fOrderAlternatives ({{{{123 }}, {{12 1}, {}}}, {{{2,23 }}, {{12}, {}}}}, 120 1>

{ ({12}, ({12 3, {33} ({02 33, ({12 3, {330,
(000, ({02 ), (03, ({13 ), ({12 ), (333 ),
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{{{{1.23 }3}, {{1}, {333, ({{1.23 3}, ({1}, {33} } %)
fOrderAlternativesford_, spec_: 110] : = Mdule[{f1, f2, f3, f4, f5, bl, b2, b3, breg, bpos},
flfa_]:=I1f[Length[a] ==0, a, Drop[a, -1]1;
(» 2 [{{12 1}, (3}]-> ({1}, (3} %)
f2[a_]:=I1f[Length[a] ==0, a, f1[#] &/ea];
(» 8 [{{{1.23 }}, {{L2 1}, {}}), {1}]~> {{{12 3}, {{L2 3}, {}}} *)
f3[a_, pos_]:=Table[|f [MenberQ[pos, j1, f2[a[lj 11, alj 11, {J, Length[a]l} I;
(» tmp={ {{{123 }}, {{1.2}, {}}}, {{{L23 }}, ({12}, {}}} } %)
(» f4 [tmp, {1}, {2}]~> { {{{L23 }}, {{3,2}, (3}}, ({{L2}} ({132}, {}} } *)
fdla_, pos_, reg_]:=Table[|f [MenberQ[reg, j1, f3[alj 1, pos], alj 1], {j, Length[al} 1;
(» 5 [tmp, {1}, {2}]> {{{{{1,23 3}, {{3,2}, 3}}, {{{12 33, ({12}, {333}, {04{L523 33, ({12}, {33}, {{{2}3 3, ({12}, {}}}}) *)
f5[a_, pos_, reg_]: = Modul e[{tnp},
tnp = {a};
Wi | e[ Max [Length /@Fl atten[Last [tnp][reg, pos], 2]] > 1, tnmp = Append[tnp, f4[Last [tnp], pos, reg]l]l];
Drop[tnp, 1]
1
(* main =*)
{bl1, b2, b3} =1f[(b2 =Length[(bl=IntegerDigits[spec])]) <3, Join[bl, Reverse[{0, 1, 1}[Range[3 -b2]]]1], bl];
breg = Swi tch[bil,
1, {Range[Length[ord]]},
2, Table[{j}, {j, Length[ord]}1];
bpos = Swi tch[b2,
1, Del eteCases[{{1l, 2}}, 3 -Db3],
2, Del eteCases[{{1}, {2}}, {3-Db3}171;
Flatten[Quter [f5[ord, #1, #2] & bpos, breg, 1], 2]

1

(= fAicBic return a list {{AIC1,BIC1 }, ... } of the information criteria for parameters in "par" and regime -
variable -specific orders of ARX defined by aOrder and "spec".,

\spec - specification of what orders are to be taken into account,

it could be either integer digit interpreted by fOrderAlternatives or /and list of orders interpreted by fOrder.,
Requires: aOrder, an, apRM, aQxD, dMo, dEx, regimes, ak;,

Passes bOrdList ={Ord1,0rd2,.... } to parent module through aB2A variable. *)

f Al cBi c[par_, spec_: {110}]: =
Modul e[{i, bname, bd, bh, brule, bOrdList, bvRWec, bOrder, bvX, bg, bdinXj, bg , bXj, bxzj, bnj, bres, bresult},
bname = Fl att en[aNaneP];
bd = par [11;
brul e = Thread[Rul e [bnane, par]];
bOr dLi st =
Prepend[Fl atten [l f [I nteger Q[#], fOrderAlternatives[aOrder, #], fOrder [#, ak, regimes] &/e#] &/@spec, 1], aOrder];
bvRM/ec = Tabl e[{}, {an}];
For[i =bd+1, i <an, i ++,
bvRWec[i ] =apRM/. z » aD[fi D[bd], i]
1
bvRMrec = bvRMrec /. brul e;
bresult = Tabl e[{}, {Length[bOrdList]}];
For[i =1, i <Length[bOrdList], i ++,
bOrder = bOrdLi st [iJ;
bh = Max [bd, bOrder;
bvX = f St ackAndPad[f Mul ti Regi neDesi gnMatri xRow bh +1, an, dMo, dEx, bOrder, bvRWec];
an an
bs = | nverse| Z Quter [Times, bvX[bt ], bvX[bt 11]. Z Quter [Ti mes, bvX[ bt 7, aY[bt 11;
bt =bh+1 bt =bh+1
bdimXj =1+Length/e (Flatten[#, 2] &/@bOrder);
bgj =fPartition[bs, bdi mX ];
bXj =f StackAndPad[f DMRow, bh +1, an, dMb, dEx, #] &/@bCOrder;
bnj = Tabl e[{}, {reginmes}];
bzj = (Sum[ bres =aY[ bt ] -bXj [#, bt].bsj [#]; Quter [ Ti nes, bres, bres] xbvRWec[bt, #], {bt, bh+1, an} 1/
(bnj [#1 = SumbvRM/ec[bt, #], {bt, bh+1, an} ])) &/@Range[regi nes];
bresult[i] =Plusee (bnj xLog[Det /@bxzj ]) + Appl y[Pl us, {2 ak[1l] =bdi mXj, Log[bnj ] xbdi mXj}, 11;
|E

aB2A = {bOrdLi st };

bresul t
|E
(* fKStepForecast returns k predicted values (V4 .1, Vi 2., Vi wkst + given  {Yi, Vi -1,. 1,
/ti - starting (last given ) point,
/mo,ex - nxk modeled and exogenous data, ex can be {3},
/th -
is either a threshold vector or an integer specifying which variable in no is considered as the threshold variable,
/kst - number of forecast steps (horizon ),
/kmc - number of MonteCarlo cycles,
/model = {rule, &, o} actual model parameters and results,
- requires  af AggF, aNameP, aOrder x)
f KSt epForecast [ti _, mo_, ex_, th_, kst_, knt_, nodel _]: =

l\/bdule[{brul e, bo, bg, bd, bQ bdM, bdTh, bt, bRand, bXtpl, bdMdt pl, bdMR},

{brul e, bs, bo} =nodel ; bo=+/Tr [bo, List];
bd = aNaneP[1, 1] /. brul e;
bQ=Take[aQxD[fi D[bd] 1, ti ]; bdMo = Take[#, ti] &/@np; bdTh =1f [ VectorQ[th], th, bdMo[th] 1;
For [bt =ti, bt <ti +kst -1, bt ++,
bQ = Append[bQ f ThresVar AggVect or Row[bt +1, bdTh, bd, af AggF]1;
bRand = RandomAr r ay [Nor nal Di stri bution[0, #], knt] &/ebo;
I f [bt =ti
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bXt pl = f Mul ti Regi meDesi gnMatri xRow[bt + 1, bdMd, ex, aOrder, apRM] /. z -» bQbt + 17 /. brul e;
bdMbt p1 = Transpose[{bXt pl. b&}];

bdMbt pl1 = Sum[
bdMbR = MapThr ead [Repl acePart [#1, #2, -1] & {bdMb, Fl atten[ bdMot pl + Map [#[i ] & bRand] 1}1;
bXt p1 = f Mul ti Regi meDesi gnMat ri xRow[bt +1, bdWbR, ex, aOrder, apRM] /. z » bQ[bt + 1] /. brul e;
Transpose[{bXtpl. b&}], {i, knt}] /knt;
IN
bdMb = MapThr ead[Joi n, {bdMb, bdMdt pl}];
bdTh = I f [ Vector Q[th], bdTh, Joi n[bdTh, bdMot p1[t h]] 1;
1
Drop[#, ti] &/@bdM

|E

(= fForecast returns {bNFxK  {Yan bnF+1-Yan_bns1r--Y an—Yant, BKFXK {Yan.1:Y ans2roY  “ansbke } 1
/par - list of values of d,r, Yy parameters, e.g. {1, 0.54, 1000 3,
/spec - specification for "forecast task" mode *)

f Forecast [par _, spec_] : = Modul e[ {bnF, bkF, bkMC, bFEx, bFTh, bnY, bt, bQLS, bF, bFErr},
{bnF, bkF, bkMC, {bFEx, bFTh}} = spec;
(* /bnF - size of sample taken from the tail and used for forecast accuracy evaluation,
/bkF - number of forecast steps (horizon, in theory denoted as "h" ), /bkMC - number of MonteCarlo cycles,
/bFEX,bFTh - pre -modelled further values of dEx and dTh (size = bkF) =x)
bnY = an - bnF;
For [bt =bnY +1-bkF; bFErr = {}, bt <an-bkF, bt ++,
bOLS = f OLS[bt, par];
bF = Last [Transpose[ f KSt epFor ecast [bt, dMb, dEx, |If [ai MoTh > 0, ai MoTh, adTh], bkF, bkMC, bCLS] 11 ;
bFErr = Append[bFErr, bF];
1
bFErr = Take[aY, -bnF] - bFErr;
bCOLS = f OLS[an, par ];
bF = f KSt epFor ecast [an, dMo, MapThread[Join, {dEx, bFEx}], |If [ai MoTh > 0, ai MoTh, Joi n[adTh, bFTh]], bkF, bkMC, bCLS] ;
{Transpose[bFErr], bF}
1

(% ————- SUPLEMENTARY subroutine functions ----- *)
(» fParameterList [main_,rows_,secondary_,cols_ ] makes a list of names starting with "mainlsecondaryl”,
it creates a list of lengt ' rows' with sublists of length ' cols'",
- if cols =0, creates {mainl, ..., main (rows ) },
- if cols is an integer,creates rows xcols matrix
{ {mainlsecondaryl, ..., mainlsecondary (cols )3, ..., {main (rows ) secondaryl, ..., main (rows ) secondary (cols )} 1,
- if cols is a vector, every element represents number of elements in corresponding row,
- if rows (or cols ) > 9, the numbering begins with 01 (alt. 001, 0001, etc. )y
' main' and ' secondary’ must be entered as string: "chainofanystrings";
Example: fParameterList ["r',3,"elem", {1,2,3 }] - {{rleleml }, {r2eleml,r2elem2 }, {r3eleml,r3elem2,r3elem3 13};
fParameterList "r,3,"elem",0 ] - {rlr2,r3 1 %)

f Par amet er Li st [mai n_, rows_, secondary_, cols_]: = Mdul e[{f Char Range, singl erow, result},
Set Attributes[StringJoin, Listablel;
f Char Range[max_] : = Take[
Fl atten[Quter [StringJoi n, Sequence @@ Tabl e[Char act er Range["0", "9"], {Length[IntegerDigits[max]]1}11]1, {2, max +1}];
singl erow= StringJoi n[mai n, fChar Range[rows]];
result =Wiich[
TrueQ[col s == 0], ToExpressi on /@si ngl erow,
Nurber Q[col s] || Length[col s] == 1,
Quter [StringJoin, singlerow, StringJoin[secondary, fCharRange[col s]]],
Vect or Q[col s] & (Length[col s] ==rows),
Tabl e[St ringJoi n[si ngl erow[i J, StringJoi n[secondary, fCharRange[col s[iQ]1]], {i, rows}]
1
ClearAttributes[StringJoin, Listable];
ToExpressi on[resul t]

1
(» fPartition splits the list "a" into (nonoverlaping ) sublists of lengths defined

in "sublength". Following constraint on argument must be kept: Plus @esublength < Length [a],
Example: fPartition [{1,2,3,4,5,6,7 1, {231 }] - {{12 1}, {345 },{6}} %)

fPartition[a_, sublength_]:=Mdule[{i, bl={}, b2=1},
For[i =1, i <Length[sublength], i ++,
bl = Append[bl, Take[a, {b2, (b2 =b2 +sublength[i]) -13}11;
1

b1y;
(» fOnError checks for error mesages produced by MathKernel,

if none occur it returns result of eval , otherwise prints nmessage and aborts running procedure. *)
f OnError [eval _, message_] : = Check[eval, Print [message]; Abort []1; ];
(» ---- variables definition —--- )

an = Lengt h[dMo[1]];
ak = Length /e {dM>, dEx};
ah = Max [or der ];
aY = Transpose[dMd];
adTh = I f [(ai MoTh = | f [I nt eger Q[dTh], dTh, PluseeFl atten[Position[dM, dTh, 1]1]1]) >0, dMo[ai MoTh], dTh];
(» dTh can be given as one of modelled variable by its position in dMo or explicitly as vector,
this procedure also tests the (vector ) dTh for presence in dMo (beware of duplication in dMo ) %)
aSpec =IntegerDigits[specifications[1] I;
af AggF = | f [ aSpec[3] == 0, Last, specifications[2] I;
aOrder =f Order [order, ak, reginmes];

13
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asNane = Take[{"d", "r", "¥"}, Length[paraneters]];
{aNanmeP, aVal P} =f Par Val [regi mes, asName, paraneters];
apRM=f Regi mreMul tiplier[Drop[ aNaneP, 1], aSpec[2] I;
apX = f St ackAndPad [f Mul ti Regi neDesi gnMatri xRow ah +1, an, dMo, dEx, aOrder, apRM;
aD=aVal P[1, 17;
(*
I f [M n[aD]==0Aai MoTh>0,
aD=Del et eCases[aD, 07;
aVal P=Repl acePart [aVal P, aD, {1, 1}] ;
Print ["Zero delay renpbved from paraneters |ist due to endogeneity of threshold variable."];
I f [Lengt h[aD]==0, Abort []];
1
*)
avXxD=aQxD=Tabl e[{}, {Length[aD]}, {an}];
For[i =1, i <Length[aD], i ++,
aQxDri J = f St ackAndPad [f Thr esVar AggVect or Row, aD[i J +1, an, adTh, aDfi ], af AggF 1;
For [] = Max[aD[i 1, ah] +1, j <an, j ++,
avXxD[i, j1=apXL1 /. z-»aD[i, jI;
1
1
arr = Range([regi mes - 17;
aVal P=Fl atten[aVal P, 17;

aB2A = {}; (x mediator of bOrdList from fAicBic to parent environment *)
(¥ ——-- main routine —--- x)
aCQut put = Switch[aSpec[1],
1,
Quter [I f [Lessee {(##2}[arr], Tr [ fOLS[an, {##}1I311. {}] & Sequence ee aVal P],
2,
Quter [I f [Lessee {##2}[arr], fO.S[an, {##}, Truell{2, 3, 4}1, {}] & Sequence eeaVal P],
3,
Quter [I f [Less ee {##2}[arr], fAi cBi c[{##}, specifications[3]], {}] & Sequence eeaVal P],
4,
Quter [I f [Less @e {##2}[arr], fForecast [{##}, specifications[3]]1011, {}] & Sequence eeaVal P],
5,
Quter [I f [Less @e {##2}[arr], fForecast [{##}, specifications[3]]102]1, {}] & Sequence eeaVal P],
6,

Quter [I f [Lessee {##2}[arr], fO.Sres[an, {##}]1[021, {}] & Sequence ee aVal P]

1
aCut put = {aQut put, Joi n[aVal P, aB2A]};

Cl ear [f Threshol dCondi ti ons, fSnpbothTransiti onMultipliers, fLogisticSTF, fExponential STF,
f Regi meMul tiplier, fOrder, fDVRow, fMilti Regi meDesi gnMatri xRow f StackAndPad, f ParVal, f ThresVar AggVect or Row
fiD fOLS, fOrderAlternatives, fAicBic, fKStepForecast, fForecast, fParaneterlList, fOnError,
an, ak, ah, aY, ai MoTh, adTh, aSpec, af AggF, aOrder, asNane, aNameP, aVal P, apRM apX, aD, avXxD, axD, arr, aB2Aj;

aQut put

I;

Forecast processi ng

fUnNestAndCollectOutput[output_]

fMeanXPredictionErrorHitparade[ferrors_,g_]

fDieboldMArianoHitparade[ferrors_,horizon_,siglevel 0]

fCompareForecast[ferrors_,horizon_,siglevel_]....Mo dified Diebold-Mariano test

fPrintForecastErrors[a_,F k]

fPlotForecast[orig_,ferrors_,determ_:0]

fPlotTheBestForecast[stseries_,outputfCRS_,detserie s_List:{},lossfu_Function:(Dot[#,#]&),ratio_Real:1. 1]

fUnNestAndCollectOutput returns unnested list gutes with corresponding parameters appended (o essult item).
*Example: fUnNestAndCollectOutput[{{{{1.8}{1.9}},{{2.6}.{2.7}}},{{1,2},{0,0.1},{10}}}] - {{1.8,{1,0,10}},{1.9,{1,0.1,10}},{2.6,{2,0,10}},{2 .7,{2,0.1,10}}}.

f UnNest AndCol | ect Qut put [out put _] : = MapThread[Li st,
{Fl atten[#[1], Lengt h[#[2]] - 1], Flatten[Quter [List, Sequenceee#[2]], Lengt h[#[2]] - 1]} &[out put]];

f....Hitparade functions evaluate forecast accutacgomparing errors stackedfarrors. Vector from each model is first transformed bgdiiong at every time point (to
get single value characterizing predictive accui@ayarticular time, especially in multivariate egghen averaged and finally orderred increasifiglgase ofMeanXPre-
dictionErrorHitparade), or tested for equality ifCompareForecast (in case ofDieboldMarianoHitparade).
The output of: "MXPE hitparade" - consist of ergegpbsitions and of ordered means,
"DMtest hitparade" - consist of entering positiamy. If some models are equally accurate, thegitpms are sublisted.
Example of functiory: Dot[#,#]& meang(e;) = e;'e; .... we compare (M)SPE (and note thatis multivariate),
Abs meang (e; ) = et |.... we compare (M)APE

f MeanXPr edi cti onError Hitparade[ferrors_, g_]:={Odering[#], Sort [#]} &[Mean /@ Map[g, Transpose /eferrors, {2}11];
f Di ebol dMvari anoHi t parade[ferrors_, horizon_, siglevel , g_]1:=
f Conpar eFor ecast [Map[g, Transpose /@ferrors, {2}], horizon, siglevel ];

fCompareForecast returns hit parade of model catopets the position of their corresponding fost@arors irferrors.
ferrors - list of vectors of forecast errors from eachidlal model to be compared,
horizon - horizon of the foracasts (number of steps thedast was made ahead),



Appendix 3: Utility functions definition

siglevel - significance level.
Note: If some models are equally accurate, their ergguisition are sublisted, e.g., {{2,3},1,4} meahat both2"® and3"™ model are winers.

f Conpar eFor ecast [ferrors_, horizon_, siglevel ] :=Mdul e[{f 2Model Test, fPartition, tab, di m},
(» f2ModelTest returns 1 if d is significantly

negative (forecast errors of first model are smaller than of the second one ),

returns O if they are equally accurate and -1 if the second is better,

/d = g (e1)-g (ep) loss differential, where e; are forecast errors and g some arbitrary function,
/h - forecast horizon,

/o - significance level; *)

f 2Model Test [d_, h_, a_] : = Modul e[{m dnean, acov, i, DMvstat, qa},
m= Lengt h[d];
drmean = Mean[d];
acov = Table[{}, {i, h}];
For[i =0, i sh-1, i ++,
acov[i +1] = Sum[(d[t] -dnean) = (d[t -i ] -drmean), {t, i +1, m}]/m
1

1-2h+h (h-1
D\Vst at =\/ me *h ) /m dmean/\/(acovlll]]+2|f[h>1, E:acovlli]], 0])/m;
i=2

m

ga = Quantil e[Student TDi stri bution[m-1], 1-a/2];
Whi ch[DMWst at < -qa, 1, -qa < DMstat <qga, O, True, -1]

|E

(= fPartition splits the list "a" into (nonoverlaping ) sublists of lengths defined
in "sublength". Following constraint on argument must be kept: Plus @esublength < Length [a],
Example: fPartition [{1,2,3,4,5,6,7 1, (2,31 1] - {{1,2},{345 },{6}} %)

fPartition[a_, sublength_]:=NMdule[{i, bl={}, b2=1},

For[i =1, i <Length[sublength], i ++,

bl = Append[bl, Take[a, {b2, (b2 =b2 +sublength[i]) -13}11;

1

b1y;
di m= Length[ferrors];
tab =Table[lf[i <j, f2Model Test [ferrors[i] -ferrors[j 1, horizon, siglevel], 01, {i, dimy, {j, dim];
tab =tab - Transpose[tab];
Reverse[l f [Lengt h[#] == 1, Sequenceee#, #] &/@ (fPartition[Ordering[#], Length/@Split [Sort [#]]1] &[Appl y[Plus, tab, 2]1])]

]

Sk, Abs[afi ] - FIi 1]

rTHE[a_, F_, k_] =N[ k ]
a1 Eni T2
nmse[a_, F, k_1:= N[ 21 (alIIi] ) ]
P —
rmeefa_, F_, k_]:= N[\/ 21 (allli I 1) |

fPrintForecastErrorsfa_, F_, k_]:=Tabl eForm[Transpose[{{"MSE"', "RVMSE"', "MAE"'}, {nse[a, F, k], rnse[a, F, k], mae[a, F, k]}}11]
fPlotForecast returns (multiple) plot of originaicaforecasted time series with optional deternmimsbmponent.

f Pl ot Forecast [stseries_, ferrors_, determ: O, ratio_Real: 1.1]:=Mdul e[{as, af, ad, ar},

{as, af } =1 f [Dept h[#] <3, {#}, #] &/@ {stseries, ferrors};

ad =Switch[ Depth[determ], 1, Tabl e[determ {Length[as]}], 2, {determ}, 3, determ;

Show[Gr aphi csArray [

MapThr ead [Show [Li st Pl ot [#1 + #3, Di spl ayFunction-ldentity],
Li st Pl ot [#1 - #2 + #3, Pl ot Styl e - {RGBCol or [1, 0, 0]}, Di splayFunction-ldentity],
Pl ot Range » {ar = (Max [#1 + #3] - M n[#1 + #3]) » (ratio-1); M n[#1 + #3] -ar, Max[#1 +#3] +ar}] &
{as, af, ad}]], DisplayFunction - $Di spl ayFuncti on];
]

fPlotTheBestForecast returns (multiple) plot of #fseries together with forecasts from the best model.
Further output: {parameterd,f,), measure of fit} and forecast errors.

Input:

outputfCRS - output of the 4th mode of fConditionalRegime $hing,

detseries - deterministic component series to be addedserists and forecasts,

lossfu - loss function,

ratio - vertical scale factor for the plots.

f Pl ot TheBest For ecast [stseries_, outputfCRS_, detseries_List: {}, | ossfu_Function: (Dot [#, #] &), ratio_Real: 1.1]: =
Modul e[ {al, a2, a3, ak, an},
al = f UnNest AndCol | ect Qut put [out put f CRS];
a2 = f MeanXPredi cti onErrorHitparade[al[Al I, 17, | ossful;
ak = Length[stseries];
a3 =alfA |, 17[a2[1l] 101, #] & /@ Range[ak];
an = Length[a3[1]];
f Pl ot For ecast [Take[#, -an] &/@stseries, a3, |f [detseries = {}, 0, Take[#, -an] &/@detseries], ratio];
{{{"d,r,y: ", alfAl, 21[ a2[i110C1 13, {"MSPE ", a2[2, 11}} // Matri xForm a3}
1



