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specified restrictions on 8, models I(2)-B contain misspecified restrictions on , while models 1(2)-C
contain correctly specified restriction on & and B. All three algorithms seem to perform quite well
in maximizing the likelihood of the I(2) model under restrictions on IT only, with Triangular-hybrid
beating the others. In particular, under the correctly specified restrictions A and C the likelihood is
easily and quickly maximized (especially when T = 1000), with almost no case of distant convergence.

Conversely, the misspecified restrictions in model I(2)-B require more iterations and, for the first
two teams, induce distant convergence quite frequently. However, as observed when discussing
Formula I(1) results, it is important to keep in mind that distant convergence is indeed a problem when
the restriction is correctly specified since it leads to over-rejection, whereas for misspecified restrictions
it can be seen as beneficial, since it increases the power of the test.

More generally, the analysis of restrictions A, B, C, seems to suggest that estimation of restricted
« and B is easier in the I(2) case with respect to the I(1) case. Note however that the comparison is
not completely fair, since most of the difficulties in the I(1) case are found when pg = 0.9 (weak mean
reversion), and this coefficient does not appear in the current Formula I(2) design.

Consider finally the restrictions I1(2)-D and I(2)-E, reported in the last two panels of Table 5.
Remember that I(2)-D is a correctly specified model with restrictions on 7, while I(2)-E is a misspecified
model with restrictions on 7. Table 5 shows serious difficulties in maximizing the likelihood under
restrictions on 7; in both cases (i.e., whether the hypothesis is true or false), the number of iterations
is much higher than under restrictions A, B and C and it does not decrease even when T = 1000.
Failure to converge (FC) becomes a serious problem for triangular switching (and to some extent
delta switching), and there is an high percentage of distant convergence (DC) for all three algorithms;
Triangular hybrid performs better, having a smaller average distance (AD). Notice that for model
1(2)-D (where the null hypothesis is true) distant convergence is more problematic since it leads to
over-rejection.

To analyze this problem, as done in Formula I(1), Figure 3 illustrates the impact of distant
convergence. It is apparent from the figure that over-rejection is substantial here. Since the 5% critical
value of the asymptotic x? (4) distribution is 9.49, the analysis clearly shows several cases where one
would (correctly) accept using the overall maximum, and (wrongly) reject using the distant maximum.
The striking difference with respect to Formula I(1) is that here the over-rejection due to distant
convergence remains even when T = 1000.

Figure 3. Formula I(2): I(2)-D, p = 6, w = 0.9, p; = 0 laps with distant convergence. (Left) T = 100,
(Right) T = 1000. Three extreme outliers for T = 1000 have been removed for readability. See caption
of Figure 1 for more details.
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As the final aspect of Formula 1(2), consider the misspecified restrictions on 7 in model I(2)-E.
Figure 4 shows that distant convergence has no practical implication for large samples (T = 1000),
where the power would be 1 anyway. Conversely, in small samples (T = 100) distant convergence
slightly increases the rejection rate, which would be quite high in any case.

=100 =1000
0.15
0.10
0.05

0" 0 20 30 a0 TR 0 o 250 500 750

Figure 4. Formula I(2): I(2)-E, p = 6, w = 0.9, p; = 0 laps with distant convergence. (Left) T = 100,
(Right) T = 1000. See caption of Figure 1 for more details.

Overall, in the setting of Formula I(2), maximizing the likelihood under correctly specified
restrictions on « and 8 seems fast and accurate. Conversely, when correctly specified restrictions on
T are introduced, finding the overall maximum of the likelihood is not easy. Since 8 is one of the
components of T, one might guess that the problems arise from the complementary directions with
respect to B within 7; the issue deserves further exploration.

As in the I(1) case, maximizing the likelihood under misspecified restrictions is difficult; however,
the consequence of this difficulty are benign, because they appear to increase the power of the test for
the current design of the Formula I(2) races.

9. Conclusions

The test run of the championships shows that there is room for improving algorithms. It demonstrates
the strength of this ‘collective learning’ experiment, where other researchers may try and propose new
algorithm to improve on the existing ones. All algorithms win in the end, since each team learns where
and how to improve the algorithm design.

Other circuits may be added in the future, as algorithms improve. Races with a similar spirit
can be set up in other adjacent fields, like fractional cointegration; the same principles may in fact be
applied to any other model classes where maximizing the likelihood needs numerical optimization.
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Appendix A. Practical Requirements for Submission

To facilitate submission and automated processing of results, some conventions are established
that submissions to the project must adopt.
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Appendix A.1. Innovations

A file containing 12000 ii.d. N(0,1) time series of length 1000 is provided (ERRORS.CSV) in
the companion website. The series are organized column-wise and labelled eps00001 to eps12000.
In other words, this file contains the 1000 x 12 000 matrix E. The p-dimensional vector eio, t=1,..,T,
is obtained as the transpose of the t-th row of the submatrix E(1 : T,[i —1]p +1 : ip), assuming
indexation starts at element (1,1).

Table A1 provides the first five generated observations for lap 1 of the I(1) and I(2) DGP with
p=26p00=p1=w=09.

Table A1. The first five observations of the generated data for I(1) and 1(2) DGPs with p = 6,09 = p1 =
w = 0.9. Ten significant digits given; computation uses double precision.

FormulaI(1) X’

t

1 0.2548828200 —2.009603960 0.5542620800 0.7913726500 —0.5458015100  —1.349741980
2 0.7806863280 —6.446826254 0.1020649020  —1.468146855  —1.017498239  —2.539647722
3 —0.3490545448 —9.526135279 —0.08454244820  —1.010888930  0.04508386490 —0.3954565398
4
5

—0.4230090503 —11.98920553  —0.6228956034  —2.179696857  —1.063624342  —1.528447976
—0.09820491529 —14.61563411 —1.559382683  —1.481900221  0.05204249257 —0.4856795382

Formula I(2) X;l)/

t

1 0.2548828200  —2.009603960 0.5542620800 0.7913726500 —0.5458015100  —1.349741980
2 0.8061746100 —6.647786650 0.1020649020 —0.6767742050 —0.7626154190  —4.549251682
3 —0.2454976300 —10.37177830 —0.08454244820  —1.687663135 0.8257701929  —6.842282794
4
5

—0.3543575900 —13.78746208  —0.6228956034  —3.867359991  —1.412678886  —11.05458325
—0.07185436000 —17.61281121 —1.559382683  —5.349260212 —0.3709665578  —12.47488507

Appendix A.2. Report File Naming

For each circuit, a team needs to upload an output file on the companion website with either txt
or csv extension. The former is a text file where numbers are separated by a space, while the latter is a
csv spreadsheet file using a comma as separator (and without column headers). In all cases there will
be one lap per line in the output file.

The output file should be named FIXDGPyyyM0ODzzz . csv (or FIXDGPyyyMODzzz . txt), where:

x 1 for Formula I(1), 2 for Formula I(2);
yyy three digits DGP index 7, as defined in Table A2;

Table A2. Definition of the DGP index n.

DGP index n := 8ir + 4ip +2ip +i1 +1

ir=0 T =100 ig=0 po = 0 for Formula I(1) or w = 0 for Formula I(2)
ir=1 T = 1000 ip=1 po = 0.9 for Formula I(1) or w = 0.9 for Formula I(2)
ip=0 p=6 11=0 p1=0

ip=1 p=12 i1 =1 p1 =09

zzz three digits model index m, as defined in Table A3;
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Table A3. Definition of the model index m.

Model index m := 2i, + i + 1

ir =0 Restriction I(1)-A or I(2)-A
ir =1 Restriction I(1)-B or I(2)-B
ir =2  Restriction I(1)-C or I(2)-C
ir =3 Restriction I(2)-D

iy = Restriction I(2)-E
ir=44+r+(r+s—1)(r+s)/2 M(r,s) with ordering as in Table A4

=0 k=2

=1 k=5

The ordering of the unrestricted I(2) estimates corresponds to the column vectorization of the
upper diagonal of the relevant part of a ranks test table. For instance, in case p = 6 the ordering of
models is the one in Table A4.

Table A4. Ordering of the models M(r,s) for case p = 6. Entries in the table correspond to the
numbering of models, where s, = p — r — s. The ordering is similar for the case p = 12.

1
11
12
13
0 14
15

r\s2 | 5
1

W N
N U1 | W
=0 0 3N

As an example, results for the Formula I(2) circuit with n = 13 (ir = 1, i, = 1,ip = 0 and
i1 = 0)and m = 6 (i, = 2, iy = 1), should be stored in a file named FI2DGP013MOD006.csv (or
FI2DGP013MODO06. txt).

Appendix A.3. Report File Content
Formula I(1) files have N lines with 4 4 2 (p + 1) r numbers, whereas Formula I(2) files have N
lines, each with4 +2 (p+ 1) r + p (p + 1) numbers. Each line contains the following information:

poopu . . . gR/
(l L . Ea/c,i . Na/c,i . Sa,c/i 20 )r

a,c,i a.c,i
where:

1. iis thelap number, i = 1, ...,1000;
2. (¥ .isthe unrestricted loglikelihood, reported with at least 8 significant digits:

a.c,i

e  Formula I(1): loglikelihood of the unrestricted I(1) model;

e Formula I(2) i, > 4: loglikelihood of the VAR;

e Formula I(2) i, < 4: loglikelihood of the unrestricted I(2) model.

ly,¢,i as defined in (2) with at least 8 significant digits;

N, i, the iteration count;

Sa,i is the integer convergence indicator, 1 for convergence, 0 for no convergence;
652,1- is part of the coefficient vector, which is for Formula I(1):

ARl

95,2,1‘ = (vec(ag) s vec(Baci)') -
For the Formula I(2) circuits use instead:

052/1 = (Vec(aa,cli)' : Vec(ﬁu,c,i), svec(T: VO):z,c,i) .
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Coefficients must be reported exactly in the given order, providing at least 8 significant digits (but
15 digits is recommended). No particular normalization is required.

If the algorithm failed because likelihood evaluation failed (e.g., singular Q), then /, .; = —
should be reported. The data is processed with Ox, so .NaN and . Inf are allowed. Because there is no
clear convention on writing —co, any value of —103% or lower is interpreted as —oo.

Table A5 provides the start of the first three lines of three selected output files.

Table A5. Three examples of output files. Beginning of first three lines given.

FI1DGPOO1MODOO1.csv

1, 84.7587177451401, 82.2423190842343, 3, 1,-0.187577914295476,
2, 30.1177483889851, 28.6953188342152, 5, 1,0.299447436254108,
3, 64.5916602781794, 59.9799720330047, 4, 1,-0.0746786280148741, ...

FI1DGPOO1MODOO1.txt
1 84.75871775 82.24231908 10 1 -1.8757787e-001 1.6004096e-002 ...
2 30.11774839 28.69531883 20 1 2.9944720e-001 -5.8528461e-002 ...
3 64.59166028 59.97997203 16 1 -7.4678444e-002 -1.5937408e-001 ...

FI2DGPOO1MODOO1.csv

1, 76.4430824288192, 76.2400219176979, 10, 1,0.0844284641160844, ...

2, 27.5347594941493, 26.6849814069451, 19, 1,0.0711585542069055, ...

3, 48.709883495749, 48.2827756129209, 24, 1,0.12242477122602,
References

Abadir, Karim M., and Paolo Paruolo. 2009. On efficient simulations in dynamic models. In The Methodology and
Practice of Econometrics: A Festschrift in Honour of David F. Hendry. Edited by Jennifer Castle and Neil Shephard.
Oxford: University Press, pp. 270-301.

Anderson, Theodore Wilbur. 1951. Estimating linear restrictions on regression coefficients for multivariate normal
distributions. The Annals of Mathematical Statistics 22: 327-51. Correction in Annals of Statistics 8, 1980: 1400.

Beiranvand, Vahid, Warren Hare, and Yves Lucet. 2017. Best practices for comparing optimization algorithms.
Optimization and Engineering 18: 1-34.

Boettiger, Carl. 2015. An introduction to docker for reproducible research. =~ ACM SIGOPS Operating
Systems Review 49: 71-79.

Boswijk, H. Peter. 2000. Mixed normality and ancillarity in I(2) systems. Econometric Theory 16: 878-904.

Boswijk, H. Peter, and Jurgen A. Doornik. 2004. Identifying, estimating and testing restricted cointegrated systems:
An overview. Statistica Neerlandica 58: 440-65.

Boswijk, H. Peter, and Paolo Paruolo. 2017. Likelihood ratio tests of restrictions on common trends loading
matrices in I(2) VAR systems. Econometrics 5: 28.

Doornik, Jurgen A. 1998. Approximations to the asymptotic distribution of cointegration tests. Journal of Economic
Surveys 12: 573-93. Reprinted in Michael McAleer and Les Oxley. 1999. Practical Issues in Cointegration
Analysis. Oxford: Blackwell Publishers.

Doornik, Jurgen A. 2013. Object-Oriented Matrix Programming Using Ox, 7th ed. London: Timberlake Consultants Press.

Doornik, Jurgen A. 2017a. Accelerated Estimation of Switching Algorithms: The Cointegrated VAR Model and Other
Applications. Working Paper 2017-W05. Oxford: Nulffield College.

Doornik, Jurgen A. 2017b. Maximum likelihood estimation of the I(2) model under linear restrictions. Econometrics
5:19.

Doornik, Jurgen A., and David F. Hendry. 2013. Modelling Dynamic Systems Using PcGive: Volume 11, 5th ed.
London: Timberlake Consultants Press.

Hendry, David F. 1984. Monte Carlo experimentation in econometrics. In Handbook of Econometrics. Edited by
2Zvi Griliches and Michael D. Intriligator. New York: North-Holland, vol. 2, pp. 937-76.

Johansen, Seren. 1988. Statistical Analysis of Cointegration Vectors. Journal of Economic Dynamics and Control 12:
231-54.

207



Econometrics 2017, 5,49

Johansen, Seren. 1991. Estimation and Hypothesis Testing of Cointegration Vectors in Gaussian Vector Autoregressive
Models. Econometrica 59: 1551-80.

Johansen, Seren. 1995a. Identifying restrictions of linear equations with applications to simultaneous equations
and cointegration. Journal of Econometrics 69: 111-32.

Johansen, Seren. 1995b. A statistical analysis of cointegration for I(2) variables. Econometric Theory 11: 25-59.

Johansen, Seren. 1997. A likelihood analysis of the I(2) model. Scandinavian Journal of Statistics 24: 433-62.

Johansen, Seren, and Katarina Juselius. 1992. Testing structural hypotheses in a multivariate cointegration analysis
of the PPP and the UIP for UK. Journal of Econometrics 53: 211-44.

Johansen, Seren, and Katarina Juselius. 1994. Identification of the long-run and short-run structure: an application
of the ISLM model. Journal of Econometrics 63: 7-36.

Mosconi, Rocco, and Paolo Paruolo. 2016. Cointegration and Error Correction in 1(2) Vector Autoregressive Models:
Identification, Estimation and Testing. Mimeo: Politecnico di Milano.

Mosconi, Rocco, and Paolo Paruolo. 2017. Identification conditions in simultaneous systems of cointegrating
equations with integrated variables of higher order. Journal of Econometrics 198: 271-76.

Noack Jensen, Anders. 2014. Some Mathematical and Computational Results for Vector Error Correction Models.
Chapter 1: The Nesting Structure of the Cointegrated Vector Autoregressive Model. Ph.D. Thesis, University
of Copenhagen, Department of Economics, Copenhagen.

Onatski, Alexei, and Harald Uhlig. 2012. Unit roots in white noise. Econometric Theory 28: 485-508.

Paruolo, Paolo. 2002. On Monte Carlo estimation of relative power. Econometrics Journal 5: 65-75.

Paruolo, Paolo. 2005. Design of Vector Autoregressive Processes for Invariant Statistics. WP 2005-6. Insubria:
University of Insubria, Department of Economics.

Paruolo, Paolo, and Anders Rahbek. 1999. Weak exogeneity in I(2) VAR systems. Journal of Econometrics 93: 281-308.

Rahbek, Anders C., Hans Christian Kongsted, and Clara Jorgensen. 1999. Trend-Stationarity in the I(2) Cointegration
Model. Journal of Econometrics 90: 265-289.

® (© 2017 by the authors. Licensee MDPI, Basel, Switzerland. This article is an open access
@ article distributed under the terms and conditions of the Creative Commons Attribution
[

(CC BY) license (http:/ /creativecommons.org/licenses /by /4.0/).

208



MDPI
St. Alban-Anlage 66
4052 Basel, Switzerland
Tel. +41 61 683 77 34
Fax +41 61 302 89 18

http://www.mdpi.com

Econometrics Editorial Office
E-mail: econometrics@mdpi.com

http://www.mdpi.com/journal/econometrics







MDPI

St. Alban-Anlage 66
4052 Basel
Switzerland

Tel: +41 61 683 77 34

Z
Fax: +4161302 89 18 rM\D\Py
F

www.mdpi.com ISBN 978-3-03842-956-2



	Blank Page
	Blank Page
	Blank Page
	Blank Page
	Blank Page
	Blank Page
	Blank Page



