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Abstract

Contains results of testing of Nedap/Powervote's Integrated Election System Irish-rules STV software (IES). The software was tested by comparing several hundred election result sheets output by IES with those generated by the Electoral Reform Services program, eSTV, when given the same vote data files. The testing was successful.

Background & methodology

ERS had previously validated IES v93 for conformity to the STV rules for Irish General elections in 2002. Since then, further development of IES has taken place, including operational changes unconnected with the counting algorithms, a change in the application of the existing rules for distributing surpluses at Dáil elections after all seats are filled, and modifications to allow Irish Local elections and Bye-elections to be run, as these have slightly different rules. Our objective this time was to ensure that IES conforms to the rules for all three types of election.

Test method - overview

The test method adopted to ensure the IES software conforms to the STV rules required was the same as in 2002, comparison testing. That is, STV voting data files were used as inputs to two different STV counting program implementations, and the output files (STV election result sheets) were compared. (Specifically, the value of votes credited to each candidate at each stage was compared; we also checked the program’s logic when drawing of lots was required very thoroughly, described further below. Items not included in testing are listed in Appendix A.) Any discrepancies in output files were investigated as they implied that at least one of the implementations was faulty. If there are no discrepancies, over a large enough number of cases, then we can conclude with a high degree of probability that both implementations are correct.

The database

The input files were the same as used in 2002 – a database of over 400 files containing STV voting data which has been compiled over a period of several years – but with several files having been added since 2002. Each file, available in a standard ASCII format, forms a test case which can be fed into appropriate STV counting software in order to verify that the correct output, an STV election result sheet, is produced. The tests are in a number of classes, the most important of which are: 

1. A set of logical test cases appropriate to a variety of different STV rules. Many of these cases will demonstrate specific features of the Irish rules. 

2. A series of tests which were constructed from result sheets of two Irish General Elections. The ballot data was designed to match the result sheet, but also the transfers between parties observed over all the constituencies. Hence this data is a very close approximation to that which would be obtained from an Irish General election.

3. A small set of additional tests devised for the Irish rules.

4. The data from the three pilot elections in 2002 was also added to the database.

The standard input data needed converting into a format suitable for the IES software. This conversion randomised the order of the papers since the Irish rules are order-dependent. (The original ASCII data was not randomised and therefore would not provide an effective test in some cases.) The conversion had of course already been carried out for the previous validation, except for the few new files. Also the data from the three pilot elections in 2002 was not randomised again.

eSTV

In order to undertake the comparison method, it was necessary to have another implementation, but we had already developed such an implementation, eSTV [1] in 2002, so this was used again with appropriate modifications for the Local and Bye-election rules.

Differences between the Irish STV rules

There are many variants of STV rules which, given the same input data, will produce a different result sheet (and, very rarely, different elected candidates). The two additional sets of Irish rules, for Local elections and Bye-elections are based on the General election rules with some minor but significant differences which can affect the course of the count. The differences are in connection with the calculation of the threshold of votes which a candidate must reach in order to recoup election expenses. In a Local election, there is no such threshold. Given the same input data, a count by Local election rules could differ from a count by General election rules for one of three generic reasons:

i) Distribution of a surplus would be required in a General election if it could bring the lowest candidate over the threshold, but could be deferred in a Local because no threshold exists;

ii) The two or more lowest candidates cannot be excluded together in a General election if separate exclusions could result in any such candidate exceeding the threshold, but such a multiple exclusion could be required in a Local because no threshold exists;

iii) A distribution of surplus after all seats filled would be required in a General election if it could bring any continuing candidate over the threshold, but such distributions are never required in a Local because no threshold exists.

In a Bye-election, there is a threshold but it is calculated as one quarter of what would have been the quota were the full number of seats in that constituency, rather than one quarter of the actual quota for the Bye-election. There are 6 possible generic causes of differences here:

i) Distribution of a surplus could be deferred in a General election if it could not bring the lowest candidate over the threshold, but would be required in a Bye-election if the lowest candidate is still below the lower threshold and the surplus could bring him above it;

ii) Distribution of a surplus would be required in a General election if it could bring the lowest candidate over the threshold, but could be deferred in a Bye-election if that candidate’s votes now exceed the lower threshold;

iii) Multiple exclusion of the lowest candidates would be prohibited in a General election if any of their votes does not exceed the threshold and separate exclusions could result in any such candidate exceeding the threshold, but would be required in a Bye-election if all, or all but one, of those lowest candidates now exceeds the lower threshold;

iv) Multiple exclusion of the lowest candidates would be required in a General election if separate exclusions could not result in any such candidate exceeding the threshold, but would be prohibited in a Bye-election if separate exclusions could result in any such candidate now exceeding the lower threshold;

v) Surplus distribution after all seats filled would not be required in a General election if the surplus could not bring any continuing candidate over the threshold, but would be required in a Bye-election if such a continuing candidate is still below the lower threshold and the surplus could now bring him above it;

vi) Surplus distribution after all seats filled would be required in a General election if the surplus could bring a continuing candidate over the threshold, but would not be required in a Bye-election if that candidate’s votes now exceed the lower threshold.

Test method – further details

All test cases were run in General and Local election mode without modification of the values in the input data files.

For Bye-elections, we decided in the first instance to ignore the number of seats value in the input data file, and run all cases for a single seat Bye-election. However there is an additional piece of information required, not supplied by the standard input data, namely the number of “constituency seats” – the number of seats to be filled if the full number of members of the Dáil were to be elected in the constituency. We therefore decided to use the original number of seats value in the input data file as the constituency seats figure; or, if the original number of seats value was 1, we used 5 as the constituency seats figure.

This seemed to be a satisfactory way of extensively testing single-seat Bye-elections – which must surely be by far the most common type – with a very wide range of values for constituency seats. The largest number of cases would however have realistic values for constituency seats of 3, 4 or 5.

Finally for logical completeness we ran 9 additional non-single-seat Bye-elections, with constituency seats between 3 and 5, and Bye-election seats between 2 and 5, thus covering all possible cases which could arise in a real-world situation.

Drawing lots

The comparison testing was enhanced compared to the 2002 testing by production of additional information about ties – cases where two or more candidates have the same number of votes at every stage thus requiring the returning officer to draw lots to determine which candidate to exclude first (which we refer to as type E), or which candidate’s surplus to distribute first (type S), or to which to give surplus votes to when there is a tie for allocation of surplus remainders (type R).

eSTV resolves ties arbitrarily, using the alphabetical order of candidates’ names. Type S is resolved using ascending alpha order, type E and R use descending. Obviously we have to ensure the IES is given the same order whenever it prompts for drawing of lots, otherwise it would produce a different election result sheet to eSTV.

During testing of earlier versions of IES (see Appendix B) we found one case (R012) where the software prompted for drawing of lots where this wasn’t actually required, and one case (R047 in bye-election mode for a single seat) where IES did not prompt when it was required. These errors were identified because the result sheets did not pass the comparison test, but we became concerned that there may be other cases where IES might, say, not prompt for drawing of lots for an exclusion when it was required, but still by chance choose the same candidate to exclude as eSTV, thus producing an identical result sheet and the error would not be revealed by comparison testing.

We therefore further modified eSTV to append tie information to a new text file for every case run. This listing was then used as a checklist while running tests through IES – every time IES prompted the user to draw lots, we could tick off the appropriate item on the checklist. This proved to be successful –IES v121 identified exactly the same ties as eSTV for all test cases. The tie information for each case is reproduced in the full listing in Appendix C.

Excluded tests

A few tests – 14 in total - in the STV database were excluded for the reasons given in Appendix D. Note that several cases which had been excluded in the 2002 testing were included this time, either because we wanted to include cases previously regarded as “degenerate”, or because the software limits had been changed. This proved to be beneficial in that it revealed two previously unnoticed software errors (in the previously mentioned case R012 which has twenty seats, and also case T130 which has candidates with zero votes; further details are in Appendix B), probably because elections of an unusual or unrealistic size (such as very large numbers of candidates, or numbers of seats greater than that which can arise in a real Irish election) are more likely to feature unusual situations and sequences of events (which are highly unlikely but still conceivable, or at least logically possible, in a real Irish election).

Test results

Table 1 gives a summary of the final results obtained, the full listing is in Tables 4a-f, see Appendix C. The tables relate to eSTV 1.51i beta and to build v121 of the IES software; a history of previous IES versions tested during this project is given in Appendix B.

Table 1: test summary

	Test Category 
	Number 
	General 
	Local 
	Bye 

	Capacity 
	4 
	OK 
	OK 
	OK 

	Mock 
	146 
	OK 
	OK 
	OK 

	Real 
	67 
	OK 
	OK 
	OK 

	Semi-real 
	38 
	OK 
	OK 
	OK 

	Logic 
	170 
	OK 
	OK 
	OK 

	Supplementary
	9
	n/a
	n/a
	OK


Thus all 1284 comparison tests have been performed successfully.

Comments

IES v93 had passed all tests in 2002 (in General election mode only, and using a slightly smaller database) and IES v121 has passed all tests again (with a larger database, under all three modes of Irish STV rules, and with enhanced testing of tie logic). However, errors were found in IES v112 to v119 (see Appendix B for details), and although these errors do not call into question the results declared for the 2002 general election pilots (the data from those pilots now forms three new test cases in the database and these test cases have passed the comparison testing with all versions of eSTV and IES on which they have been run), we did begin to question whether our database of test cases, which we had believed was comprehensive enough to reveal any software errors, actually had an adequate number and variety of test cases for the purpose of testing IES and Irish STV rules.

The parameters of an STV election – seats, candidates and votes – and the type of events which can take place – exclusions, surpluses, drawing of lots and so on – give rise to an unlimited universe of logically possible combinations. Even 425 test cases, though, allows a very wide range of possibilities for each parameter as the following tables show:

Table 2a: Parameter ranges

	Item
	Minimum
	Maximum

	Number of seats
	1
	29

	Number of candidates
	3
	49

	Number of votes
	4
	999964

	File size
	88 bytes
	12.5MB


Table 2b: Case diversity

	Case type
	Number

	Local result differs from General result
	57

	Bye result differs from General result
	8

	General results requiring drawing of lots for order of exclusion
	119

	General results requiring drawing of lots for order of surplus
	23

	General results requiring drawing of lots for allocation of surplus remainders
	11


An alternative approach to comparison testing is to analyse the algorithms in great depth and produce test cases to cover each logically distinct case. However, we could not be certain that the implementation followed the same logical analysis – a different analysis would require different test cases. Also analysis of the algorithms to the required depth is not easy. An implementation might deal with each type of event properly on its own, but fail when presented with those same events in a particular sequence (say, a tie for exclusion between three candidates, followed by a tie for allocation of surplus remainder between the two remaining lowest candidates, followed by their multiple exclusion). The combination and sequence of events may or may not have an effect, depending on the implementation logic, so it is difficult to know whether a test case is relevant.

It should also be noted that many of the tests we included were specifically designed to test particular situations or sequences of events, including several new tests for Irish rules such as M092-94 (which use the same votes in a different random order to give a different result) and T173-9 (which test for particular sequences of drawing of lots for exclusions, surpluses and allocation of surplus remainders). The database of 425 cases includes many other “edge” and unusual cases, so the likelihood is that if there are still any tests which IES would fail to deal with correctly, such tests would involve conditions or sequences of events which are inconceivable in a real-world election.

Conclusion

In 2002 v93 of IES successfully passed 393 test cases; this time v121 has passed 1284 tests in total through General, Local and Bye-election rules, and we were also able to test the program’s tie logic far more thoroughly. Many of the actual tests are based on past Dáil election result sheets, and many more are carefully constructed tests of specific rules and edge cases to ensure the software performs correctly even in the most unlikely real-world election. It is therefore reasonable to conclude that the risk of IES producing an incorrect result sheet in an actual Irish General, Local or Bye-election is very small, but it is difficult to precisely quantify such risk. We suspect that if it were practical to run several thousand, rather than several hundred, test cases through IES, then we might find an error. But we also believe that such an error would be caused by circumstances (a particular sequence of events or combination of parameters) that would be highly unlikely or even inconceivable in an actual Irish election. Our conclusion is that the risk of IES v121 producing an incorrect result sheet in an actual Irish election is less than 1 in 1,000 cases, but perhaps not less than 1 in 10,000 cases.
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Appendix A: Items not covered by testing

1. Determination of candidates deemed elected. The IES text output format (ASC file extension) does not state which candidates were deemed elected so the only comparison was of the number of stages and the numeric value of votes credited to each candidate at each stage. A previous potential weakness in the methodology – that automated comparison of the numeric values in the result sheets obviously also does not permit determining whether both programs created the same order for elected candidates – has become irrelevant since the statutory procedure for the order of election in Local elections has now been repealed.

2. Randomisation: the IES “skip mixing” option was used for all testing. The mixing option is used to shuffle papers prior to the count, in order that papers are taken randomly from the subsets of transferable papers during surplus transfers. Different randomisation can potentially produce different results, as shown in cases M092-94. We understand DELG have commissioned separate independent testing of the randomisation algorithm as part of a wider “architectural evaluation” of the IES software.

3. The IES result sheet output is available in Excel, Word, html and a delimited text file (extension ASC). We only used the ASC output for our automated testing/comparison. IES also provides a detailed narrative of the state of affairs at each stage of the count and the reasons for each decision taken, plus various “official reports” such as notices declaring which candidates have sufficient votes to save election expenses; again, none of these were covered by our testing.

Appendix B: IES software testing history

Table 3: IES version notes

	Version
	Date received
	No. Cases tested
	Reason for failure

	V112
	08/07/2003
	3
	M001 fails – a system error is encountered when performing counts one at a time if there is a tie at the first stage.

	V113
	14/07/2003
	800
	Some problems noted with the official forms e.g. the reports identifying which candidates had lost and saved their election expenses. These were reported to DELG but testing continued as these official reports were not part of the validation of the program’s election logic.

C002C17 fails – in this “capacity test” seventeen candidates are elected at the same stage, but this version of IES has a built-in limit of electing 12 candidates in any one stage.

R012C20 fails – IES did not sort an array correctly in the procedure 'Check for equal votes at earlier counts' in the procedure for handling equal remainders in a surplus distribution. The consequence was that IES failed to prompt the user to draw lots.

	V116
	24/09/2003
	325
	R047C4 fails in Bye-election mode for a single seat– IES prompts for drawing of lots in an exclusion even though the same candidates had been involved in an earlier tie and the same lots should be used.

	V117
	10/10/2003
	38
	T130C9 – IES excludes all candidates with zero votes even though this leaves fewer continuing candidates than seats.

	V119
	22/10/2003
	52
	S012C1 & many others. Apparently an unintended side-effect of previous fixes, this version of IES cuts the election short, declaring the highest continuing candidate elected even though several more stages are needed. 

	V121
	03/11/2003
	1275+9
	All tests passed.

	
	
	

	Total tests run
	2502
	


Appendix C: Detailed test results

The tables relate to eSTV 1.51i beta and to build v121 of the IES software.

The tests, which have been collected over a period of 13 years, are divided into five categories: 

1. The capacity tests, which are mainly machine generated, to demonstrate the capacity to handle large elections. These have an initial letter C.

2. The mock tests. These are like real elections, many modelled on Irish result sheets, which are all machine generated. These have an initial letter M.

3. The real tests, collected from actual STV elections. These have an initial letter R.

4. The semi-real elections. They are based on real world data, but are not strictly appropriate for the real category above. These have an initial letter S.

5. These are the test category and arise over special cases in the logic of at least one STV counting rule. These have an initial letter T.

The tests in each category are listed in Tables 4a-e. The details of each test is shown together with the results (if run) of the following tests: 

General: This test compares the results from IES and eSTV using the mode for General Elections.

Local: This test compares the results from IES and eSTV using the mode for Local Elections.

Bye: This test compares the results from IES and eSTV using the mode for Bye Elections. This is only comparable with the General result when the latter is for a single seat.

Explanation of table headings

Votes: the number of vote records contained in the test case. This would correspond to the number of ballot papers in a conventional election.

Seats: the number of candidates to be elected. In the case of Bye-elections, the number of seats was fixed at 1, and the Seats value was used to indicate “constituency seats” (i.e. the number of seats to be filled if the full number of members of the Dáil were to be elected in the constituency, which is used in calculating the threshold for recoupment of election expenses), except in cases where Seats was 1, for which constituency seats was set at 5.

Cands: the number of candidates standing for election.

Name: The name of the test case.

Ties: These three columns record if there were “strong ties” requiring manual intervention under Irish rules, to draw candidates by lot. The information recorded in the tables includes the number of the stage during the count at which the tie occurred, and the type of tie (E for exclusion, S for surplus and R for allocation of surplus remainders). A  sign is used for the first time two or more candidates are tied; an = sign means that the same candidates are involved again in a tie of the same type (the significance of this is that the second and subsequent time the same candidates are involved in a tie for exclusion or surplus distribution, the lots which were drawn at the earlier stage are re-used and hence the IES software does not prompt the user for the order again). Thus in M001, the column shows “2:E 3:=E”, because in this particular case four candidates were tied for exclusion at stage 2, and two of the same candidates were still tied for exclusion at stage 3. The Local and Bye Ties columns record “same” if the same lots are drawn as in the General election count.

Local v. Gen/Bye v. Gen: The Local and Bye-election results were compared with the General Election result and a note made if the result sheet is the same or different (“diff”) in the columns headed “Local v. Gen” and “Bye v. Gen” respectively. Local and Bye-election counts share largely the same rules as for General election counts, so most result sheets will be the same; a difference is expected when the software has to invoke the election expenses threshold logic.

Table 4a: “Capacity” cases

	Test details
	
	
	Test results
	
	
	

	Votes
	Seats
	Cands.
	Name
	General
	Local
	
	Bye
	

	
	
	
	
	Ties
	v. Gen
	Ties
	v. Gen
	Ties

	2464
	7
	20
	C001
	
	same
	
	-
	

	27720
	17
	39
	C002
	22:E
	same
	same
	-
	same

	250000
	3
	16
	C004
	
	same
	
	-
	

	110000
	10
	26
	C007
	
	same
	
	-
	


Table 4b: “Mock” cases

	Test details
	
	
	Test results
	
	
	

	Votes
	Seats
	Cands.
	Name
	General
	Local
	
	Bye
	

	
	
	
	
	Ties
	v. Gen
	Ties
	v. Gen
	Ties

	10
	5
	21
	M001
	2:E 3:=E
	same
	same
	-
	same

	131
	5
	20
	M002
	3:E 4:=E
	same
	same
	-
	2:E 3:=E 5:E 7:E

	46073
	5
	9
	M003
	
	same
	
	-
	

	29862
	3
	9
	M004
	
	same
	
	-
	

	27757
	3
	7
	M005
	
	diff
	
	-
	

	26893
	3
	8
	M006
	
	same
	
	-
	

	25644
	3
	7
	M007
	
	same
	
	-
	

	27018
	3
	6
	M008
	
	same
	
	-
	

	39063
	4
	8
	M009
	
	same
	
	-
	

	38410
	4
	9
	M010
	
	same
	
	-
	

	30372
	3
	6
	M011
	
	same
	
	-
	

	28665
	3
	5
	M012
	
	same
	
	-
	

	32786
	4
	14
	M013
	
	same
	
	-
	

	36320
	4
	10
	M014
	
	same
	
	-
	

	37044
	4
	13
	M015
	
	same
	
	-
	

	30704
	4
	11
	M016
	
	same
	
	-
	

	35205
	4
	14
	M017
	
	same
	
	-
	

	26721
	3
	9
	M018
	
	same
	
	-
	

	29193
	4
	13
	M019
	
	same
	
	-
	

	36971
	4
	11
	M020
	
	same
	
	-
	

	28157
	3
	9
	M021
	
	same
	
	-
	

	37536
	4
	11
	M022
	
	same
	
	-
	

	26477
	3
	7
	M023
	
	same
	
	-
	

	23713
	3
	9
	M024
	
	same
	
	-
	

	28019
	3
	7
	M025
	
	same
	
	-
	

	28291
	3
	6
	M026
	
	same
	
	-
	

	27701
	3
	9
	M027
	
	same
	
	-
	

	44454
	5
	13
	M028
	
	same
	
	-
	

	35913
	4
	10
	M029
	
	same
	
	-
	

	28793
	3
	9
	M030
	
	same
	
	-
	

	36591
	4
	11
	M031
	
	same
	
	-
	

	30276
	3
	7
	M032
	
	same
	
	-
	

	26125
	3
	7
	M033
	
	same
	
	-
	

	25247
	3
	7
	M034
	
	diff
	
	-
	

	28897
	3
	8
	M035
	
	same
	
	-
	

	28564
	3
	8
	M036
	
	same
	
	-
	

	30306
	3
	9
	M037
	
	same
	
	-
	

	29974
	3
	9
	M038
	
	same
	
	-
	

	28869
	3
	8
	M039
	
	same
	
	-
	

	37070
	3
	9
	M040
	
	same
	
	-
	

	29868
	3
	7
	M041
	
	same
	
	-
	

	37510
	4
	11
	M042
	
	diff
	
	-
	

	28097
	3
	7
	M043
	
	same
	
	-
	

	46717
	5
	10
	M044
	
	same
	
	-
	

	28687
	3
	7
	M045
	
	same
	
	-
	

	28493
	3
	6
	M046
	
	same
	
	-
	

	26287
	3
	7
	M047
	
	diff
	
	-
	

	27051
	3
	7
	M048
	
	same
	
	-
	

	28732
	3
	8
	M049
	
	same
	
	-
	

	40566
	4
	6
	M050
	
	same
	
	-
	

	39991
	4
	10
	M051
	
	same
	
	-
	

	30461
	3
	5
	M052
	
	same
	
	-
	

	28541
	3
	7
	M053
	
	diff
	
	-
	

	28169
	2
	6
	M054
	
	same
	
	-
	

	30434
	4
	11
	M055
	
	same
	
	-
	

	34484
	4
	12
	M056
	
	same
	
	-
	

	42888
	4
	10
	M057
	
	same
	
	-
	

	31546
	4
	10
	M058
	
	same
	
	-
	

	35038
	4
	11
	M059
	
	same
	
	-
	

	25553
	3
	9
	M060
	
	same
	
	-
	

	30161
	4
	10
	M061
	
	same
	
	-
	

	44265
	4
	10
	M062
	
	same
	
	-
	

	34884
	3
	9
	M063
	
	same
	
	-
	

	42005
	4
	9
	M064
	
	diff
	
	-
	

	26217
	3
	6
	M065
	
	same
	
	-
	

	24825
	3
	9
	M066
	
	diff
	
	-
	

	27903
	3
	7
	M067
	
	same
	
	-
	

	27340
	3
	6
	M068
	
	same
	
	-
	

	30321
	3
	6
	M069
	
	diff
	
	-
	

	44914
	5
	13
	M070
	
	same
	
	-
	

	37187
	4
	8
	M071
	
	same
	
	-
	

	28525
	3
	5
	M072
	
	same
	
	-
	

	36407
	4
	8
	M073
	
	same
	
	-
	

	31314
	3
	9
	M074
	
	diff
	
	-
	

	25864
	3
	7
	M075
	
	diff
	
	-
	

	25106
	3
	5
	M076
	
	same
	
	-
	

	30574
	3
	6
	M077
	
	diff
	
	-
	

	27881
	3
	8
	M078
	
	same
	
	-
	

	28475
	3
	9
	M079
	
	same
	
	-
	

	29203
	3
	6
	M080
	
	same
	
	-
	

	28352
	3
	6
	M081
	
	same
	
	-
	

	36957
	4
	7
	M082
	
	same
	
	-
	

	30852
	3
	6
	M083
	
	same
	
	-
	

	37846
	4
	8
	M084
	
	diff
	
	-
	

	29521
	3
	9
	M085
	
	same
	
	-
	

	28687
	3
	7
	M086
	
	same
	
	-
	

	28493
	3
	6
	M087
	
	same
	
	-
	

	26287
	3
	7
	M088
	
	diff
	
	-
	

	27051
	3
	7
	M089
	
	same
	
	-
	

	28732
	3
	8
	M090
	
	same
	
	-
	

	40566
	4
	6
	M091
	
	same
	
	-
	

	37438
	4
	16
	M092
	
	diff
	
	-
	

	37438
	4
	16
	M093
	
	diff
	
	-
	

	37438
	4
	16
	M094
	
	diff
	
	-
	

	99999
	5
	13
	M095
	
	diff
	
	-
	

	627
	6
	25
	M100
	
	same
	
	-
	

	674
	6
	25
	M101
	4:E
	same
	same
	-
	3:E

	622
	6
	25
	M102
	
	same
	
	-
	

	620
	6
	25
	M103
	
	same
	
	-
	

	662
	6
	25
	M104
	5:E
	same
	same
	-
	same

	661
	6
	25
	M105
	3:E
	same
	same
	-
	2:E

	651
	6
	25
	M106
	5:E
	same
	same
	-
	4:E

	617
	6
	25
	M107
	
	same
	
	-
	

	637
	6
	25
	M108
	
	same
	
	-
	

	611
	6
	25
	M109
	3:E
	same
	same
	-
	2:E 4:E

	677
	6
	25
	M110
	
	same
	
	-
	

	672
	6
	25
	M111
	3:E
	same
	same
	-
	2:E

	692
	6
	25
	M112
	4:E
	same
	same
	-
	3:E

	687
	6
	25
	M113
	
	same
	
	-
	2:E 6:E

	683
	6
	25
	M114
	
	same
	
	-
	

	671
	6
	25
	M115
	
	same
	
	-
	

	657
	6
	25
	M116
	
	same
	
	-
	2:E

	658
	6
	25
	M117
	
	same
	
	-
	

	657
	6
	25
	M118
	
	same
	
	-
	

	651
	6
	25
	M119
	
	same
	
	-
	

	645
	6
	25
	M120
	
	same
	
	-
	

	639
	6
	25
	M121
	
	same
	
	-
	

	632
	7
	25
	M122
	
	same
	
	-
	same

	628
	7
	25
	M123
	
	same
	
	-
	2:E

	619
	7
	25
	M124
	3:E
	same
	same
	-
	2:E 3:=E

	621
	7
	25
	M125
	2:S
	same
	
	-
	

	616
	7
	25
	M126
	
	same
	
	-
	

	613
	7
	25
	M127
	
	same
	
	-
	


	605
	7
	25
	M128
	
	same
	
	-
	2:E

	600
	7
	25
	M129
	
	same
	
	-
	

	599
	7
	25
	M130
	
	same
	
	-
	

	688
	7
	25
	M131
	
	same
	
	-
	

	689
	7
	25
	M132
	
	same
	
	-
	

	681
	7
	25
	M133
	
	same
	
	-
	

	676
	7
	25
	M134
	
	same
	
	-
	7:E

	677
	7
	25
	M135
	
	same
	
	-
	

	669
	7
	25
	M136
	
	same
	
	-
	2:E

	663
	7
	25
	M137
	
	same
	
	-
	

	659
	7
	25
	M138
	
	same
	
	-
	3:E

	650
	7
	25
	M139
	4:E
	same
	
	-
	2:E 3:=E

	647
	7
	25
	M140
	
	same
	
	-
	2:E

	650
	7
	25
	M141
	
	same
	
	-
	5:E

	641
	7
	25
	M142
	
	same
	
	-
	

	641
	7
	25
	M143
	
	same
	
	-
	

	630
	7
	25
	M144
	
	same
	
	-
	

	626
	7
	25
	M145
	
	same
	
	-
	2:E 3:=E

	623
	7
	25
	M146
	
	same
	
	-
	4:E

	621
	7
	25
	M147
	4:E
	same
	same
	-
	2:E

	612
	7
	25
	M148
	
	same
	
	-
	

	612
	7
	25
	M149
	4:E
	same
	same
	-
	2:E

	605
	7
	25
	M150
	4:E
	same
	same
	-
	2:E 3:=E


Notes

Tests M003-M091 are machine generated examples based upon specific Dáil elections for 1969 or 1973. 

M092, M093 and M094 have the same votes, but in a different order which produces three different results. M095 is really a capacity test with 99,999 votes.

(Tests M096-M099 do not exist.)

M100-M150 are all machine generated examples, but not based upon specific elections. 

Table 4c: “Real” cases

	Test details
	
	
	Test results
	
	
	

	Votes
	Seats
	Cands.
	Name
	General
	Local
	
	Bye
	

	
	
	
	
	Ties
	v. Gen
	Ties
	v. Gen
	Ties

	35
	3
	5
	R001
	
	same
	
	-
	

	13
	2
	4
	R002
	3:E
	same
	same
	
	

	39
	6
	17
	R003
	2:R 3:E
	same
	
	-
	2:E 4:E

	42
	5
	10
	R004
	
	same
	
	-
	2:E 5:E

	58
	7
	8
	R005
	
	same
	
	-
	

	369
	2
	9
	R006
	
	same
	
	-
	

	982
	7
	15
	R007
	
	same
	
	-
	

	378
	3
	10
	R008
	
	same
	
	-
	

	749
	8
	16
	R009
	
	same
	
	-
	2:E

	280
	5
	9
	R010
	
	same
	
	-
	

	73
	2
	17
	R011
	2:E 3:=E 4:=E 5:=E 7:E 8:=E
	same
	same
	-
	same

	77
	20
	21
	R012
	3:R 7:S 8:=S 9:=S
	same
	same
	-
	2:E 4:E 5:=E 6:=E 9:E

	959
	6
	10
	R013
	
	same
	
	-
	

	867
	8
	13
	R014
	
	same
	
	-
	

	972
	4
	6
	R015
	
	same
	
	-
	

	859
	3
	7
	R016
	
	same
	
	-
	

	741
	1
	8
	R017
	
	same
	
	same
	

	44
	10
	11
	R018
	5:E
	same
	same
	-
	2:E 3:=E 5:E 6:=E

	82
	1
	5
	R019
	
	same
	
	same
	

	183
	1
	3
	R020
	
	diff
	
	diff
	

	100
	1
	5
	R021
	
	diff
	
	diff
	

	77
	1
	6
	R022
	
	diff
	
	same
	

	113
	1
	4
	R023
	
	same
	
	same
	

	68
	1
	3
	R024
	
	same
	
	same
	

	59
	1
	3
	R025
	
	same
	
	same
	

	32
	1
	4
	R026
	
	same
	
	same
	

	148
	1
	5
	R027
	
	diff
	
	diff
	

	129
	1
	3
	R028
	
	diff
	
	diff
	

	83
	3
	19
	R029
	2:E 4:E 5:=E 6:=E 7:=E 9:E
	same
	same
	-
	same

	78
	2
	7
	R030
	
	diff
	
	-
	

	79
	2
	17
	R031
	2:E 4:E 6:E 8:E
	same
	same
	-
	same

	43
	2
	14
	R032
	2:E 3:=E 5:E 6:=E 7:=E
	same
	same
	-
	same

	211
	7
	14
	R033
	
	same
	
	-
	3:E

	215
	1
	3
	R034
	
	same
	
	same
	

	206
	1
	4
	R035
	
	same
	
	same
	

	9
	3
	18
	R036
	2:E 3:=E 4:=E 5:=E
	same
	same
	-
	same

	63
	12
	14
	R037
	2:R 3:S 6:E
	same
	same
	-
	2:E 4:E 8:E

	176
	5
	17
	R038
	2:R 4:E 7:E
	diff
	same
	-
	4:E 5:=E 8:E

	210
	2
	5
	R039
	2:S
	diff
	
	-
	

	257
	15
	20
	R040
	
	same
	
	-
	2:E

	19
	10
	18
	R041
	2:S 3:=S 4:=S
	same
	same
	-
	3:E 5:E

	210
	1
	5
	R042
	
	same
	
	same
	

	45
	1
	17
	R043
	2:E 3:=E 4:=E 7:E 8:=E
	same
	same
	same
	same

	476
	15
	19
	R044
	
	same
	
	-
	9:E

	2908
	5
	12
	R045
	
	same
	
	-
	

	853
	9
	10
	R046
	
	same
	
	-
	

	48
	4
	13
	R047
	2:S
	same
	same
	-
	2:E 3:=E 6:E

	944
	10
	29
	R048
	4:E
	same
	same
	-
	3:E

	884
	10
	34
	R049
	5:E 6:=E 8:E
	same
	same
	-
	4:E 5:=E 7:E

	1031
	10
	31
	R050
	7:E
	same
	same
	-
	6:E 7:=E

	1202
	14
	47
	R051
	7:E
	same
	same
	-
	4:E 5:=E 7:E 11:E

	247
	10
	49
	R052
	see below
	same
	same
	-
	same

	220
	4
	11
	R053
	
	diff
	
	-
	

	247
	10
	49
	R054
	see below
	same
	same
	-
	see below

	151
	5
	10
	R055
	
	same
	
	-
	

	168
	5
	10
	R056
	
	same
	
	-
	

	131
	5
	10
	R057
	
	same
	
	-
	2:E 3:=E

	153
	5
	6
	R058
	
	same
	
	-
	

	1147
	6
	10
	R059
	
	same
	
	-
	

	220
	4
	11
	R060
	
	same
	
	-
	

	43942
	4
	12
	R061
	
	diff
	
	-
	

	29988
	3
	9
	R062
	
	same
	
	-
	

	64081
	5
	14
	R063
	
	same
	
	-
	

	115
	5
	14
	R064
	
	same
	
	-
	

	70
	3
	7
	R065
	
	same
	
	-
	

	59
	2
	4
	R066
	
	same
	
	-
	

	59
	2
	3
	R067
	
	same
	
	-
	


Notes

R061, R062 and R063 are the three Irish 2002 Dáil elections published on the Internet.

Most of the examples were collected on the basis of not giving the source.

R052 ties were: 2:E 3:=E 4:=E 6:E 7:=E 8:=E 9:=E 10:=E 11:=E 17:E 18:=E 19:=E 22:E 23:=E 27:E, and same for Local and Bye-election. 

R054 ties were (Bye): 9:=E 10:=E 11:=E 17:E 18:=E 19:=E 22:E 23:=E 27:E, and (General and Local): 2:E 3:=E 4:=E 6:E 7:=E 8:=E 9:=E 10:=E 11:=E 17:E 18:=E 19:=E 22:E 23:=E 27:E 

Table 4d: “Semi-real” cases

	Test details
	
	
	Test results
	
	
	

	Votes
	Seats
	Cands.
	Name
	General
	Local
	
	Bye
	

	
	
	
	
	Ties
	v. Gen
	Ties
	v. Gen
	Ties

	71
	1
	9
	S001
	
	same
	
	same
	

	16
	1
	16
	S002
	3:E
	same
	same
	same
	same

	16
	1
	16
	S003
	2:E
	same
	same
	same
	same

	20
	1
	20
	S004
	2:E 3:=E
	same
	same
	same
	same

	18
	1
	18
	S005
	3:E
	same
	same
	same
	same

	20
	1
	20
	S006
	2:E 5:E
	same
	same
	same
	same

	19
	1
	19
	S007
	2:E 4:E 5:=E
	same
	same
	same
	same

	19
	1
	19
	S008
	2:E 3:=E
	same
	same
	same
	same

	20
	1
	20
	S009
	2:E 3:=E 4:=E 6:E
	diff
	2:E 4:E
	diff
	2:E 3:=E 4:=E 5:=E 7:E

	22
	1
	22
	S010
	2:E 3:=E
	same
	same
	same
	same

	21
	1
	21
	S011
	2:E 3:=E
	same
	same
	same
	same

	22
	1
	22
	S012
	2:E
	same
	same
	same
	same

	22
	1
	22
	S013
	2:E 3:=E 4:=E 5:=E
	same
	same
	same
	same

	22
	1
	22
	S014
	2:E 3:=E
	same
	same
	same
	same

	23
	1
	23
	S015
	2:E 3:=E 4:=E 6:E
	same
	same
	same
	same

	25
	4
	25
	S016
	3:E 4:=E 5:=E
	same
	same
	-
	2:E 3:=E 4:=E

	58607
	8
	16
	S017
	
	same
	
	-
	

	39417
	6
	13
	S018
	
	same
	
	-
	

	54619
	8
	16
	S019
	
	diff
	
	-
	

	45804
	5
	9
	S021
	
	same
	
	-
	

	25
	1
	25
	S022
	2:E 3:=E 4:=E 5:=E
	same
	same
	same
	same

	23
	1
	23
	S023
	2:E 3:=E 5:E
	same
	same
	same
	same

	17
	1
	16
	S024
	2:E
	same
	same
	same
	same

	18
	1
	18
	S025
	2:E 3:=E 4:=E 6:E
	same
	same
	same
	same

	18
	1
	18
	S026
	2:E 3:=E 4:=E 5:=E 6:=E
	same
	same
	same
	same

	13
	1
	19
	S027
	2:E 3:=E
	same
	same
	same
	same

	17
	1
	18
	S028
	2:E 3:=E 4:=E
	diff
	2:E
	diff
	2:E

	18
	1
	18
	S029
	2:E
	same
	same
	same
	same

	20
	1
	20
	S030
	2:E 3:=E 4:=E 5:=E
	same
	same
	same
	same

	19
	1
	19
	S031
	3:E
	same
	same
	same
	same

	16
	1
	19
	S032
	2:E
	same
	same
	same
	same

	22
	1
	23
	S033
	2:E 3:=E 5:E 6:=E
	same
	same
	same
	same

	25
	1
	25
	S034
	2:E 3:=E 4:=E 5:=E
	same
	same
	same
	same

	25
	1
	25
	S035
	2:E 3:=E 4:=E 5:=E 6:=E 7:=E
	same
	same
	same
	same

	23
	1
	23
	S036
	2:E 3:=E 4:=E 5:=E 6:=E
	same
	same
	same
	same

	24
	1
	24
	S037
	2:E 3:=E
	same
	same
	same
	same

	23
	1
	23
	S038
	2:E 3:=E
	same
	same
	same
	same

	26
	2
	26
	S039
	2:E 3:=E 4:=E 5:=E 8:E
	same
	same
	-
	same


Notes

Many of these tests are based upon the Eurovision Song Contests which uses a voting system which can be converted to STV. S020 is not included as it has 198 candidates.

Table 4e: “Test” cases

	Test details
	
	
	Test results
	
	
	

	Votes
	Seats
	Cands.
	Name
	General
	Local
	
	Bye
	

	
	
	
	
	Ties
	v. Gen
	Ties
	v. Gen
	Ties

	97
	5
	10
	T001
	
	diff
	
	-
	

	1100
	5
	10
	T003
	
	diff
	
	-
	

	606000
	5
	10
	T005
	2:SR 3:=SR 4:R
	same
	same
	-
	3:E 4:=E

	40
	4
	7
	T006
	
	same
	
	-
	

	240
	3
	10
	T007
	
	diff
	
	-
	

	15
	2
	7
	T008
	2:E 3:=E
	diff
	2:E
	-
	same

	9
	5
	10
	T010
	3:E
	same
	
	-
	2:E 3:=E

	1940
	10
	20
	T011
	2:S 4:E 6:E
	diff
	2:S 4:E
	-
	2:E 4:E 6:E 8:E

	1940
	10
	20
	T012
	2:S 4:E 6:E
	diff
	2:S 4:E
	-
	2:E 4:E 6:E 8:E

	100
	4
	12
	T013
	4:E
	same
	same
	-
	same

	302
	1
	5
	T014
	
	same
	
	same
	

	100
	2
	5
	T015
	
	same
	
	-
	

	37
	1
	4
	T016
	
	same
	
	same
	

	100
	4
	8
	T017
	2:E 3:=E 4:=E 5:=E
	same
	same
	-
	2:E 3:=E 4:=E 5:=E 6:=E 8:E

	58
	1
	3
	T018
	2:E
	same
	same
	same
	same

	58
	1
	3
	T019
	
	same
	
	same
	

	58
	1
	3
	T020
	2:E
	same
	same
	same
	same

	58
	1
	3
	T021
	
	same
	
	same
	

	58
	1
	3
	T022
	
	same
	
	same
	

	58
	1
	3
	T023
	
	same
	
	same
	

	58
	1
	3
	T024
	2:E
	same
	same
	same
	same

	58
	1
	3
	T025
	
	same
	
	same
	

	58
	1
	3
	T026
	2:E
	same
	same
	same
	same

	58
	1
	3
	T027
	
	same
	
	same
	

	58
	1
	3
	T028
	
	same
	
	same
	

	23
	1
	3
	T029
	
	same
	
	same
	

	23
	1
	3
	T030
	
	same
	
	same
	

	20
	4
	8
	T031
	2:S 4:E
	same
	same
	-
	2:E 3:=E 5:E

	30
	2
	4
	T032
	
	same
	
	-
	

	60
	2
	4
	T033
	
	same
	
	-
	

	724
	3
	8
	T034
	
	same
	
	-
	

	724
	3
	8
	T035
	
	same
	
	-
	

	623
	3
	8
	T036
	
	same
	
	-
	

	249
	3
	8
	T037
	
	same
	
	-
	

	224
	3
	4
	T038
	
	same
	
	-
	

	224
	3
	4
	T039
	
	same
	
	-
	

	97
	5
	10
	T040
	
	diff
	
	-
	

	9996
	3
	5
	T041
	
	same
	
	-
	

	171
	2
	3
	T042
	
	same
	
	-
	

	171
	2
	3
	T043
	
	same
	
	-
	

	171
	2
	3
	T044
	
	same
	
	-
	

	22
	5
	7
	T045
	
	same
	
	-
	2:E

	300
	5
	6
	T046
	2:E
	same
	same
	-
	2:E 3:=E 4:=E 5:=E 6:=E

	1100
	5
	10
	T047
	
	diff
	
	-
	

	600
	5
	10
	T048
	
	diff
	
	-
	

	1000
	5
	10
	T049
	
	diff
	
	-
	

	800
	5
	10
	T050
	
	diff
	
	-
	

	900
	5
	10
	T051
	
	diff
	
	-
	

	1000
	5
	10
	T052
	
	diff
	
	-
	

	900
	5
	10
	T053
	
	diff
	
	-
	

	1000
	5
	10
	T054
	2:S
	same
	same
	-
	same

	411
	2
	6
	T055
	3:E
	same
	same
	-
	same

	12
	1
	5
	T056
	
	same
	
	same
	

	12
	2
	5
	T057
	
	same
	
	-
	

	12
	3
	5
	T058
	
	same
	
	-
	

	14
	3
	6
	T059
	3:E
	same
	same
	-
	2:E

	14
	5
	6
	T060
	
	same
	
	-
	2:E

	22
	1
	7
	T061
	2:E
	same
	same
	same
	same

	22
	3
	7
	T062
	2:E
	same
	same
	-
	same

	22
	5
	7
	T063
	
	same
	
	-
	2:E

	400
	2
	3
	T064
	
	same
	
	-
	2:E

	400
	2
	4
	T065
	
	same
	
	-
	3:E

	36
	2
	4
	T066
	
	same
	
	-
	

	9
	3
	8
	T068
	3:E
	same
	same
	-
	3:E 4:=E

	180
	2
	4
	T069
	
	same
	
	-
	

	823
	5
	7
	T070
	2:S 3:=S 5:E
	same
	same
	-
	2:E

	823
	5
	6
	T071
	2:S 3:=S
	same
	same
	-
	

	645
	5
	8
	T072
	
	same
	
	-
	

	40
	3
	8
	T073
	2:E
	same
	same
	-
	2:E 3:=E 4:=E

	647
	5
	9
	T079
	
	same
	
	-
	

	40
	3
	5
	T080
	
	same
	
	-
	

	150
	2
	3
	T081
	
	same
	
	-
	

	150
	2
	3
	T082
	
	same
	
	-
	

	22770
	22
	23
	T083
	
	same
	
	-
	see below

	8
	2
	3
	T084
	
	diff
	
	-
	

	40
	4
	7
	T085
	
	same
	
	-
	

	240000
	5
	8
	T086
	
	same
	
	-
	

	240000
	5
	8
	T087
	
	same
	
	-
	

	12
	4
	6
	T088
	
	same
	
	-
	3:E

	100
	5
	6
	T089
	
	same
	
	-
	

	100
	5
	6
	T090
	
	same
	
	-
	

	753
	6
	11
	T091
	
	same
	
	-
	

	753
	6
	11
	T092
	
	same
	
	-
	

	753
	6
	11
	T093
	
	same
	
	-
	

	50
	4
	6
	T094
	
	same
	
	-
	

	50
	4
	6
	T095
	
	same
	
	-
	

	494
	4
	7
	T096
	
	same
	
	-
	

	96
	7
	10
	T097
	
	same
	
	-
	3:E 7:E

	96
	7
	10
	T098
	
	same
	
	-
	3:E 7:E

	96
	7
	10
	T099
	6:E
	same
	same
	-
	3:E 7:E

	2500
	24
	26
	T100
	
	same
	
	-
	see below

	1400
	13
	26
	T101
	see below
	same
	same
	-
	see below

	1000
	3
	4
	T102
	
	same
	
	-
	

	100
	2
	4
	T103
	
	same
	
	-
	

	105
	2
	4
	T104
	
	same
	
	-
	

	1610
	2
	4
	T105
	
	same
	
	-
	

	1610
	2
	4
	T106
	
	same
	
	-
	

	639
	4
	6
	T107
	
	same
	
	-
	

	599
	4
	6
	T108
	
	same
	
	-
	

	195
	3
	6
	T109
	
	same
	
	-
	

	65
	4
	7
	T110
	3:R
	same
	same
	-
	

	100
	4
	5
	T111
	
	same
	
	-
	

	520
	4
	6
	T112
	
	same
	
	-
	

	520
	4
	6
	T113
	
	same
	
	-
	

	97
	5
	10
	T114
	
	diff
	
	-
	

	65
	4
	7
	T115
	
	same
	
	-
	

	96
	5
	9
	T116
	
	same
	
	-
	

	528
	1
	23
	T117
	2:E 3:=E 6:E 7:=E
	same
	same
	same
	same

	2000
	4
	7
	T118
	
	same
	
	-
	

	2000
	4
	7
	T119
	
	same
	
	-
	

	48
	2
	7
	T120
	4:E
	same
	same
	-
	3:E

	70
	6
	13
	T121
	3:E 6:E 7:=E
	same
	same
	-
	2:E 5:E 6:=E

	70
	6
	13
	T122
	4:E 5:=E
	same
	same
	-
	4:E 5:=E 11:E

	600
	3
	5
	T123
	
	diff
	
	-
	

	1000
	3
	5
	T124
	
	same
	
	-
	

	500
	4
	6
	T125
	
	same
	
	-
	

	500
	4
	6
	T126
	
	same
	
	-
	

	60
	6
	12
	T127
	3:E 6:E
	same
	same
	-
	2:E 4:E

	647
	5
	9
	T128
	
	same
	
	-
	

	32
	3
	5
	T129
	2:S
	diff
	same
	-
	3:E

	4
	9
	10
	T130
	2:E
	same
	same
	-
	2:E 3:=E 4:=E

	40
	3
	7
	T131
	3:E
	same
	same
	-
	same

	30
	2
	5
	T132
	
	same
	
	-
	

	30
	2
	4
	T133
	
	same
	
	-
	

	54
	2
	5
	T134
	3:E
	same
	same
	-
	same

	54
	2
	5
	T135
	3:E
	same
	same
	-
	same

	54
	2
	5
	T136
	
	same
	
	-
	

	54
	2
	6
	T137
	3:E
	same
	same
	-
	same

	54
	2
	5
	T138
	
	same
	
	-
	3:E

	126
	5
	9
	T139
	2:E 3:=E 4:=E
	same
	same
	-
	same

	28019
	3
	8
	T140
	
	same
	
	-
	

	48
	2
	5
	T141
	
	same
	
	-
	

	22
	2
	4
	T142
	
	same
	
	-
	

	60
	2
	6
	T143
	2:R
	same
	same
	-
	

	21
	2
	4
	T144
	
	same
	
	-
	

	23
	2
	6
	T145
	
	same
	
	-
	

	58
	2
	5
	T146
	
	same
	
	-
	

	22
	2
	7
	T147
	
	same
	
	-
	

	101
	4
	6
	T148
	
	same
	
	-
	5:E 6:=E

	2000
	29
	35
	T149
	2:E 9:=E 15:=E 22:=E 29:=E
	same
	same
	-
	see below

	753
	6
	11
	T150
	
	same
	
	-
	

	16
	1
	6
	T151
	2:E 3:=E
	diff
	2:E
	diff
	2:E

	16
	1
	6
	T152
	
	same
	
	same
	

	4
	1
	4
	T153
	2:E
	same
	same
	same
	same

	4003
	3
	5
	T154
	2:E 3:=E
	same
	same
	-
	same

	40003
	3
	5
	T155
	2:E 3:=E
	same
	same
	-
	same

	400003
	3
	5
	T156
	2:E 3:=E
	same
	same
	-
	same

	5004
	4
	6
	T157
	2:E 3:=E
	same
	same
	-
	same

	6005
	5
	7
	T158
	2:E 3:=E
	same
	same
	-
	2:E 3:=E 5:E 6:=E

	42
	6
	7
	T159
	2:S 4:S 5:=S
	diff
	2:S
	-
	2:E 3:=E 5:E

	18
	2
	6
	T160
	2:E 4:E
	same
	same
	-
	2:E 4:E 5:=E

	17
	3
	6
	T161
	3:E 5:E
	diff
	4:E
	-
	2:E 4:E 5:=E

	63
	3
	6
	T162
	4:E
	diff
	5:E
	-
	3:E

	48
	2
	5
	T163
	2:E
	same
	same
	-
	same

	47
	2
	5
	T164
	3:E
	diff
	same
	-
	2:E

	47
	2
	5
	T165
	
	same
	
	-
	

	47
	2
	5
	T166
	2:E
	diff
	same
	-
	same

	48
	2
	5
	T167
	2:E
	same
	same
	-
	same

	48
	2
	5
	T168
	2:E 3:S
	diff
	2:E
	-
	2:E 4:E

	48
	2
	5
	T169
	
	same
	
	-
	

	48
	2
	5
	T170
	2:E
	diff
	
	-
	same

	999964
	2
	3
	T171
	
	same
	
	-
	

	17
	1
	3
	T172
	
	diff
	
	diff
	

	14
	2
	5
	T173
	2:E 3:R
	same
	same
	-
	2:E 3:=E

	42
	4
	6
	T174
	2:E 3:SR 4:R
	same
	same
	-
	2:E 3:=E 4:=E 6:=E

	10
	1
	5
	T175
	2:E 3:=E 4:=E
	same
	same
	-
	same

	29
	4
	6
	T176
	2:S 3:=S
	same
	same
	-
	5:E 6:=E

	27
	4
	6
	T177
	2:S 3:=S
	same
	same
	-
	3:E 4:=E

	33
	4
	6
	T178
	2:S 3:=S
	diff
	2:S 4:=S
	-
	3:E 5:E 6:=E

	39
	9
	10
	T179
	2:S 3:=S 5:S 7:E
	same
	same
	-
	4:E 6:E 7:=E


Notes

Many of these tests only need a very small number of votes to demonstrate the logical point required. A few have been written specifically to test aspects of the Irish rules (typically, because it has not been possible to ensure that the logical situation did not arise in another test). 

T083 (Bye) gives: 4:E 5:=E 6:=E 7:=E 8:=E 9:=E 10:=E 11:=E 12:=E 13:=E 14:=E 15:=E 16:=E 17:=E 18:=E 19:=E 20:=E 

T100 (Bye) ties were: 5:E 6:=E 7:=E 8:=E 9:=E 10:=E 11:=E 12:=E 13:=E 14:=E 15:=E 16:=E 17:=E 18:=E 19:=E 20:=E 21:=E 22:=E 23:=E 24:=E 25:=E 

T101 (Gen and Local) ties were: 2:E 15:=E 16:=E 17:=E 18:=E 19:=E 20:=E 21:=E 22:=E 23:=E 24:=E T101 (Bye) ties were: 2:E 3:=E 4:=E 5:=E 6:=E 7:=E 8:=E 9:=E 10:=E 11:=E 12:=E 

T149 (Bye) ties were: 2:E 3:=E 4:=E 5:=E 6:=E 7:=E 8:=E 9:=E 10:=E 11:=E 12:=E 13:=E 14:=E 15:=E 16:=E 17:=E 18:=E 

Bye-election supplementary tests

The Bye-election tests above were all to elect a single candidate using the same voting patterns as for the other two test modes (General and Local). However, a Bye-election can be for more than a single vacancy and hence a few special cases were run. This situation is quite rare in practice, but we need to be confident that this is correctly catered for.

Table 4f: Supplementary Bye-election cases

	Votes 
	Seats 
	Cands. 
	Name 
	Result 
	Ties

	176 
	2 
	17 
	BR038B2 
	Pass 
	5:E 9:E

	176 
	3 
	17 
	BR038B3 
	Pass 
	4:E 5:=E 8:E

	176 
	4 
	17 
	BR038B4 
	Pass 
	4:E 5:=E 7:E

	176 
	5 
	17 
	BR038B5 
	Pass 
	2:R 4:E 7:E

	65 
	2 
	7 
	BT110B2 
	Pass 
	

	65 
	3 
	7 
	BT110B3 
	Pass 
	

	65 
	4 
	7 
	BT110B4 
	Pass 
	3:R

	32 
	2 
	5 
	BT129B2 
	Pass 
	2:S

	32 
	3 
	5 
	BT129B3 
	Pass 
	2:S


The test name shows the main data from which the test was derived, e.g. R038 for the first four tests. Note that these tests are designed to cover the logical possibilities, rather than be similar to any actual Irish election (which would many more votes but with little chance of a tie). 

Appendix D: Excluded tests

The excluded tests are categorised as follows:

Too many candidates: The number of candidates exceeded 56. IES v121 has a built-in limit of 56, which seems reasonable given that the largest likely number of candidates in an Irish election is probably around 30.

Too little support: This arises if the total number of candidates mentioned in any of the preferences is less than the number of seats. Such a situation seems hardly credible in a public election and so most of these cases were excluded.

Degenerate case: Either no seats, no votes or similar.

These exclusions are listed below.

Table 5: excluded tests

	Test 
	Reason 

	C003 
	Too many candidates (129)

	C005 
	Too many candidates (196)

	C006 
	Too many candidates (67)

	C008 
	Too many candidates (239)

	S020 
	Too many candidates (198)

	T002
	Too many candidates (79)

	T004 
	Degenerate case (no votes cast) 

	T009 
	Degenerate case (more seats than candidates)

	T067 
	Too little support

	T074 
	Degenerate case (more seats than candidates)

	T075 
	Degenerate case invalid file format

	T076 
	Degenerate case (no seats)

	T077 
	Degenerate case (no votes)

	T078 
	Too little support
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