SCIENTIFIC CORRESPONDENCE

An improved system for the computation of target scores in
interrupted limited over cricket matches adding variations in
scoring range as another parameter

For fixing target scores in interrupted
limited over cricket matches, the Interna-
tional Cricket Council (ICC) has been
using the Duckworth—-Lewis (D/L) method!
since October 1998. However, many ex-
perts have rated”™ the ‘VID-system’ to
be a better system. While the D/L system
was consistently failing to give good re-
sults even when the score starts exceed-
ing 260-270 runs, the VJD-system was
giving almost impeccable results for a
range of 150-325 runs and reasonable
results for another + 50 runs. While fur-
ther improvement in the VJD method by
incorporating the scoring rate as an addi-
tional parameter was contemplated ear-
lier, this was not put to practice because
one of the major conditions of ICC was
that the system should be usable with
only a pocket calculator (i.e. without the
help of a computer). Now ICC has chan-
ged its policy and is willing to permit the
use of a computer for obtaining better re-
sults. This has now given an opportunity
to make further improvements in the sys-
tem and make it perfect even in the cases
of abnormally high and low scores. Just
as the manual system proposed by the
author was clearly superior to the manu-
ally operated D/L system, the improved
system presented here is also seen to be
better than the computerized system now
being implemented by the ICC (as can be
seen from the comparison of some of the
results described below). The additional
advantages of the system are: (1) It is
Jully transparent and understandable; (2)
Though it is presented as a computerized
method, it is not impossible to operate it
manually.

This method is also based on the con-
cept of normal and target scores. All the
concepts and assumptions in the original
method® in connection with the fall of
wickets, minimum % of normal scores
per fall wickets are applicable to this sys-
tem also. The major difference is that in
the original method, while one single
target table decides the scoring pattern,
in this case ‘that one target table’ is se-
lected from 501 tables. In other words,
the new system identifies the differences
in scoring patterns in a 100 runs scored

match from that in a 200, 300 or 400
runs scoring match. More precisely, in a
210 runs scoring match and in a 211 runs
scoring match the target tables used will
be different.

From the available data, the scoring
pattern in matches of scores of around
200, 250 and 300 runs are worked out and
the target tables are developed. Theoreti-
cally in a ‘1800 runs’ scored match, the
normal and target curves merge and it
would be a straight line making 45° with
the axes (y=wx). Similarly in a ‘0’ run
scored match the normal and target curves
lie along the X-axis, as 1 run is the re-
quirement for victory. Based on these
concepts, the data for 100, 400, 500 runs,
etc. are generated. It is assumed that a
score beyond 599 tends to impossibility
in a 50 over match and the condition ap-
plicable for 1800 is brought down to any
score of 600 and above. Also for simpli-
city it is assumed that the table for 100
runs can be used for any score below 100
runs.

It is found that the table for 250 runs
lies very near the target table of the
original method and also it is very nearly
the same as the average of the tables for
200 and 300 runs. So it was decided to
use 6 tables, as they are sufficient to pro-
vide the entire data bank of the method.
The data used to develop the regression
equation of a cubic curve passing through
(0, 0) and (100, 100) and the coefficients
of x, x* and x* are furnished in Table 1.
Similarly the same data, rearranged in

the descending order of scoring rate to
develop the target curves, and the regres-
sion coefficients arrived at are furnished
in Table 2. As already explained above,
the line y=x passing through the origin
serves both as the normal as well as tar-
get curve for a score of 600 and above.

Using these regression coefficients, and
retaining the same assumptions made re-
garding the minimum requirement of nor-
mal score with fall of wickets as before
(see table 4, ref. 5), six target tables are
developed. The computer program develo-
ped for the original method was modified
in this improved version by including a
new subroutine to read these 6 tables
from a data file. For scores below and up
to 100 runs the table for 100 runs (say t-
100) is used and for scores from 600 runs
onwards t-600 is used. In between, for
each run the table will be different (to-
tally another 499 tables) and this subrou-
tine will generate by linear interpolation
the required table. The rest of the calcu-
lations remain the same as that of the
original method.

As an illustrative example, consider
the following match from World Cup
2003: When Australia makes 359 in 50
overs, what is the winning score for India
in 25 overs for the loss of 3 wickets?

From t-300, the normal score % for 3
wickets = 46%.

From t-400, the normal score % for 3
wickets = 48.1%.

Hence for the t-359 the normal score
will be 46 + (48.1-46)*(59/100) = 47.24%.

Table 1. Data and regression analysis for normal score curves
Percentage normal scores for different scoring ranges

% Overs 100 and below 200 300 400 500
10 6 7 9 10 10
30 27 30 32 31 31
50 41 43 47 48 49
70 56 58 64 66 68
80 68 60 76 71 79
90 81 83 86 87 89
Regression  x 1.090272 1.20965 1.26713 1.15522 1.09592
coefficients  x* —-0.01092 —-0.01239 -0.01119 -0.00619 —-0.00345

x 9.93E-05 0.000103 8.5E-05  4.6E-05 2.5E-05
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Table 2. Data and regression analysis for target score curves

Winning score for India=359%47.24/

Percentage target scores for different scoring ranges

100 = 169.59 = 170 runs.
Table 3 gives a comparison of results

evolved from the four methods based on

516

% Overs 100 and below 200 300 400 500
many real as well as hypothetical situa-
10 19 17 15 13 11 tions. Based on an analysis of these, as
20 33 31 28 24 22 well as other situations, it is strongly felt
30 45 a4 4 38 34 that even the new computerized system
40 55 54 52 48 44 .
employed by D/L is not up to the expec-
50 65 64 62 58 54 tati Th lts of this Professional
60 73 73 7 68 64 al 1.0.ns. . e results o . .1s . rofessiona
70 31 31 80 78 74 Edition give a clear indication that the
80 88 88 87 85 82 D/L Standard Edition, which was fol-
90 95 94 93 92 91 lowed by the ICC since October 1998,
looks quite inferior even after the 2002
Regression  x 1.884093 1.750051  1.573917 1.31853 1.156579 revision. Also some of the results indi-
coefficients  x° -0.01435 —-0.01098 -0.00724 -0.00281 -0.00138 cate that even the professional edition is
x 5.59E-05 3.49E-05 1.47E-05 -43E-06 -2.2E-06 not free from the controversial G50. On
Table 3. Comparison of the results of the four methods in discussion
SL no. Situation DL (M) target DL (C)target VID (O)target VID (N) target
1. Team-1: 300 in 50 overs. Interruption occurs when team-2 101 115 122 126
completes 25 overs without losing any wickets. Winning
score of team-2
2. Team-1: 300 in 50 overs. Target for team-2 in 25 overs 200 186 191 188
3. Team-1: 50/0 in 25. Target for team-2 in 25 overs? 128 128 79 87
4. Team-1 after 25-100/0 when their innings terminated. 178 163 157 159
Target for team-2 in 25
5. Team-1 when 60/0 in 20, match reduced to 35 over a side. 180 180 161 161
Team-1 make 150 in 35. Target for team-2 in 35
6. New Zealand after 27,2 were 81/5 when one over lost and 147 147 128 131
then at 114/5 in 32,4 overs their innings terminated. Target
for South Africa in 32
7. India 226/8 in 47,1 overs. Target for Pakistan in 33 194 193 185 185
8. England 176/5 after 36,5 overs when match rescheduled to 220 218 212 211
46. Then after 37,5 overs when England were 181/5 again
rescheduled to 40 overs. England make 193/6 in 40
9. New Zealand 212/5 in 44,2 overs. Target for W.I. in 33 overs 204 200 199 198
10. LOI#1442. Australia make 252 in 50. W] in reply were 196 196 208 208
138/1 in 29. 10 overs are lost. Target for Wl in 40 overs
11. WC-2003: South Africa 306 in 50. New Zealand 182/1 227 230 242 244
in 30,3 overs. Target in 39 overs
12. WC-2003: Australia 212 in 50. Winning score for Sri Lanka 172 176 173 174
in 38,1 overs for 7 wickets
13. Australia 359 in 50. India winning score in 25 overs for the 158 176 160 170
loss of 3 wickets
14. Team-1 450 in 50 overs, target for team-2 in 25 300 248 286 252

DL (M), The Duckworth—Lewis manual method (standard edition); DL (C), The Duckworth—Lewis computerized method (professional edi-
tion); VID (O), The author’s original method; VID (N), The author’s new method.
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the other hand, except for really high or
very low scores (Nos 3, 13 and 14, Table
3), the results of the systems developed
by the author are neck to neck, highlight-
ing the basic soundness of the approach
as well as the robustness of the method.

While most such calculations are
straightforward, since this improved ver-
sion requires the target table to be chosen
based on the first inning total, two new
issues have to be dealt with.

— In the beginning itself, if the match is
a shortened one, how to make the table
selection.

— When the interruption occurs while
team-1 is batting, how to select the table.

The following procedure, developed af-
ter considerable experimentation is seen
to provide an almost perfect solution.

For the first case, the target table cor-
responding to 300 runs can be used as an
average table; and from the target score
% column the value to be applied for
projecting the score can be picked up.
For example if it is a 45 over a side
match in the beginning and the team-1
has scored 200 runs in 45, the table to be
used would be the one corresponding to
‘200 divided by target % for 90% of
overs from t-300°. That is, the one corre-
sponding to 200/0.937 = 213 runs. If, in-
stead of t-300, t-200 were used, still the
result that works out would be to use t-
213 itself. This reveals that the error in-
volved in this approximation is quite
negligible.

For the second case, again the initial
projection is done using t-300 and then
the entire calculation is repeated using

the new selected table to find out the new
projected score. If necessary, further re-
peated calculations (iteration) can be
employed till two projected scores con-
verge. However, by experience, just one
iteration of the calculation is generally
seen to be good enough to give suffi-
ciently accurate results. The following
illustration is helpful to clarify the ap-
proach. When New Zealand scores 212/5
in 44,2 overs, what should be the target
for W.I. in 33 overs?

First use t-300 for the projection.

As per t-300, normal score for NZ in
44,2 (88.66%) overs = 83.86%.

Hence projected score of NZ in 50
overs = 212/0.8386 = 252.80.

Table to be used for the final calcula-
tion = t-253.

Normal score % in 44,2 overs as per t-
200 =81.9%.

Hence normal score as per t-254 =
81.9 + (83.9-81.9)*(53/100) = 82.96%.

Target score in 88.66% as per t-300 =
92.8.

Target score in 88.66% as per t-200 =
93.2.

Hence as per t-253 it will be =93.2 +
(92.86 — 93.2)*(53/100) = 93.02%.

Target for W.I. in 44,2 overs would
be = 212%(93.02/82.96) = 237.70.

As per t-253, for 33 overs the target
will work out to be (t33/tsyp) = 77.1/93%
100 = 82.9.

Hence the target score for W.I. in 33
overs = 237.70%0.829 = 197.06 = 198 runs.

That the system should be manually
workable using not more than a pocket
calculator was one of the main condi-

tions imposed by the ICC so far. Within
this constraint, the original system pro-
posed was performing exceptionally well
though the authorities gave little recogni-
tion to it. This new system is again very
transparent, flexible and reliable for any
range of scoring including very low or
very high scoring. Since the systems
proposed by the author always have the
advantage of considering the scoring pat-
tern of the team, including the effect of
field restrictions, it is felt that these are
better systems than the corresponding
D/L systems.
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