
A Voting System for Internet Based DemorayStefan DirnstorferThetaris GmbH stefan�thetaris.deAbstrat. A lot of researh has been spent on the proess of deision makingin large groups. While we easily �nd widely aepted solutions within groupsof friends, the proess somehow does not sale up to larger and more distantgroups of individuals. Some of problems have been attributed to the multipledilemmas known in voting theory.This paper introdues an interative voting game that avoids the loss of paretooptimallity and the in�uene of voting tatis that is based on non-publi ballotsast by peer voters. At its down side it might be subjet to nononverging votingbehaviour and not produe a �nal result within a on�ned time frame.1 The Soial DilemmaThe soial dilemma, often desribed as the prisoners dilemma, is said to be thefundamental problem of soial ooperation. If the soial dilemma is present, thegroup deision will not be pareto optimal, due to the individuals pursuing theirself interests. This setion explains that the soial dilemma is present in a whenvoting on a number of interonneted issues in a separate vote.Any voting system that is not pareto optimal is not suitable to solve thesoial dilemma. Minor disputes between group members must be set aside infavor of a ommon goal. The examples below show that separate voting onseparate deisions is not suitable for resolving soial dilemmas that require thearbitration over multiple initiatives.1.1 Example 1Muh thought has been spent on the proedures of a single vote on mutuallyexlusive hoies, suh as the eletion of a representative or the eletion of apolitial party [1, 4℄. As soon as multiple hoies have to be made on separateissues demorati voting does a very bad job in satisfying the involved voters,as will be shown by the following example.Figure 1 shows a ballot paper that ould be used to ondut a vote on twoseparate initiatives. As it turns out, a lassial voting system is often unable toprodue the most satisfying result. Assume that two people partiipate in thisvote. For simpliity they will be alled Left and Right. Left is a fanati supporterof initiative A and slightly biased against initiative B. Right is a radial fan ofinitiative B and somewhat biased against initiative A. Sine both initiativesdon't exlude eah other, it is obvious that they ould both be implementedwith satisfying results for Left and Right. However, that is not the result of ademorati vote.The fundamental idea behind a demorati vote is that eah partiipantexpresses their personal preferenes in a sel�sh fashion and yet, the optimal



Fig. 1. Ballot paper with two non-exlusive hoiesInitiative A Initiative B
© Yes © Yes
© No © Nodeision ould be derived through a mathematial ounting sheme. Under suhan objetive Left would vote (Yes,No) and Right would vote (No,Yes). Withoutooperation neither initiative an ahieve the neessary majority and the resultwould be (No,No), although both partiipants agree that (Yes,Yes) would havebeen a better option. This result is known in game theory as the PrisonersDilemma [5℄. Figure 2 shows the dilemma in matrix form.Fig. 2. Soial dilemma in a vote on two independent initiatives: Left would be happiest with(Yes,No), while Right favors (No,Yes). Both ould be satis�ed with a (Yes,Yes) result, butunarbitrated voting leads to a suboptimal (No,No) deision.Right: (No, Yes) Right: (Yes,Yes)Left: (Yes, No) Result: (No, No) Result: (Yes, No)Left: (Yes, Yes) Result: (No,Yes) Result: (Yes, Yes)In pratial politis the optimal solution requires a benevolent member ofparliament who arbitrates between Left and Right. This job an only be donethrough a small number of delegated representatives who an build su�ienttrust in eah other. Internet based ativist groups usually do not have the re-soures to sustain suh arbitration e�orts, or it even ontrasts self seleted grass-roots demorati priniples. With an inreasing number of deisions that haveto be made, more and more arbitration opportunities will be lost and groupsatisfation dereases.Looking at our simple example one might rightfully objet that there musthave been someone to ome up with a voting sheme that eliits the interde-pendene between the two initiatives. Many suh shemes are subsumed underthe Condoret voting system whih requires the partiipants to assign ordinalpreferene numbers to the four mutually exlusive hoies (No,No), (No,Yes),(Yes,No), and (Yes,Yes) as shown in �gure 3. All ommon variations of the Con-doret vote an solve this simple problem [4℄. Suh overarhing voting shemes2



1. THE SOCIAL DILEMMAare feasible for a small number of learly interlinked issues, but e�ort growsexponentially with the number of involved deisions.Fig. 3. A Condoret vote ould solve the soial dilemma for two hoies, but beomes impra-tial for a larger number of seemingly independent deisions.Choies for initiatives A, B Left's preferenes Right's preferenes(No, No) 3rd 3rd(No, Yes) 4th 1st(Yes, No) 1st 4th(Yes, Yes) 2nd 2nd
1.2 Example 2This seond example will again demonstrate that demorati voting does notautomatially reah the pareto optimal solution for the group, if it is appliedseparately on seemingly unonneted issues. This time initiative A and B arenot tehnially exluding eah other, but they ompete for some sort of limitedresoure that makes in impratial to implement both, A and B.Fig. 4. A possible vote distribution for two hoies that are not stritly exlusive but undulystrain group resoures, when ombined. pro A ontra Apro B 10% 45%ontra B 45% 0%Suppose two initiatives, A and B, are ompletely independent in terms ofphenomenologial e�et, but both deplete the group's limited �nanial or natu-ral resoures. Only 10% of the eletorate think that it makes sense to implementboth measures, while 90% think that only one of the suggested measures an beimplemented in a sustainable fashion. Yet, under these tight onditions sepa-rated demorati voting an lead to exatly this highly unsatisfatory outomefor the group. Figure 4 shows the distribution of voters and �gure 5 shows theresults.Fig. 5. Separated voting favors both initiatives. Only 10% are satis�ed, while 90% omplainabout wasted resoures. pro ontraInitiative A 55% 45%Initiative B 55% 45%3



If suh a demorati system with independent votes on independent politialissues governs a politial state at least a �nanial solution an be found easily:Charge future generation. However, for small groups as well as for pro�t orientedbusinesses this is not an option. That is why grassroots demorati priniplesare never found in the industry on any signi�ant sale and it is the reason, whygrassroots organizations always break apart quikly.2 The Internet Voting SystemThe internet voting system is a voting system primarily designed to help solvingthe soial dilemma. It is to be played interatively and requires all votes to bepublily viewable during the voting phase.Sine on�iting positions an only be resolved by arbitrations over multipleinitiatives, the voting system must onsider all open deisions simultaneously.Thus, a huge number of potential outomes have to be evaluated, whih isonly possible by utilizing the unique features of an interative omputationalplatform without the restritions of a physial ballot sheet. Hene, the internetvoting system is spei�ally designed for the internet and is not appliable topaper based voting.The internet voting system is more akin to ooperative and interative gameplay than to lassial voting. Many strategy games prove that it is possible totake simultaneous and �ne grained judgments in a huge number of politial�elds. This potential must be exploited to �nd widely agreed preferene orders.The results will be more fuzzy in terms of absolute valuations, but more agree-able and onsistent in terms of its result. At its downside it does not enfore a�nal winner if the voters preferene orders are irular.2.1 Vote CountingThe internet vote ounting sheme follows the physial model of mehanialfores. Di�erent spaial diretions orrespond to politial initiatives that an besupported or opposed. All users of the system an pull with equal fore intoany diretion that orresponds to their mix of politial onvitions. Just as inphysis transverse fores anel eah other, while orrelated fores add to eahother.We an represent the voting behavior as a matrix V ∈ R
m×n. The entries vpirefer to the voting weight assigned by partiipant p to initiative i. The weights

vpi ∈ R an be positive to express support and negative to express opposition.The total voting weight assigned by a partiipant is on�ned to length one ofthe resulting fore vetor vp in Eulidean spae. Hene, the summed squaredvoting weights are on�ned to one.
‖vp‖

2 =
n
∑

i=1

(vpi)
2 = 1 (1)The resulting group preferene R(i) for an initiative i an be obtained as thesum of all diretional fores applied in the i-th omponent of all partiipant's4



2. THE INTERNET VOTING SYSTEMvoting vetors.
R(i) =

m
∑

p=1

vpi (2)
Fig. 6. Comparison of possible vote distributions in di�erent voting systems. A marker showsan example for voting weights that ould be alloated in a vote on two initiatives.a) Independent b) Cumulative ) The internetvoting voting voting system
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Figure 6 ompares the possible vote distributions of di�erent voting systemsin a vote with two initiatives. The voting weight assigned to the �rst initiativeis plotted on the x-axis, while the seond weight is plotted against the y-axis.All ahievable vote ombinations are shown in the graph.a) If partiipants an vote on both initiatives independently an assoiatedvoting weight between -1 and 1 an our on both axes. If suh a voting systemis applied to non-politial topis, suh as ustomer satisfation, it is usually pos-sible to assign frational weights. In a politial struggle, however, hardly anyonewould deliberately limit their potential in�uene. Hene, slight onvitions forany side of the debate leads to a full vote assigned in the orresponding diretion.b) In a umulative voting system partiipants an distribute a limited totalvoting weight onto di�erent initiatives. Under suh a voting system it an makesense to split a vote onto di�erent initiatives. If, however, one initiative is seenas onsiderable more important than the other, partiipants would hardly splitvotes at all. Why give up a fration of a vote in a major issue, when one anjust gain the same fration in a minor issue.) The internet voting system uses a limited radial voting weight. The systemallows maximum total in�uene, if the vote is spread evenly on both initiatives.At the same time, the system allows higher in�uene on one initiative, if moreweight is assigned to it. As disussed in more detail below, this is the only votingsystem that makes it optimal to orretly reveal relative preferenes.Figure 7 shows a possible voting strategy. Four partiipants have ontrarypositions on two initiatives. P favors (Yes,Yes), Q (No,Yes), R (No,No), andS wants (Yes,No). Due to di�erent priorities assigned by eah partiipant theresulting sum has a slight tendeny towards (no,no). As will be disussed in moredetail, any two partiipants an overome the soial dilemma and ooperate to5



Fig. 7. Undeidable vote with four partiipants and two initiatives. Cooperation an inreasein�uene. In the right graph, P and S express their ooperative instead of their individualpreferenes. Unooperative ase P and S ooperate(yes,yes)
(yes,no)

(no,yes)
(no,no)

PQR Sresult (yes,yes)
(yes,no)

(no,yes)
(no,no) P,SQR result

inrease their in�uene on the result. While ooperating eah group membervotes aording to group preferenes. Here, R and S push the result slightlytowards a (Yes,No).2.2 Vote DelegationVote delegation is often seen as a way to hand over responsibility to someonewho is trusted to make the most informed deisions. The internet voting sys-tem allows vote delegation to a number of di�erent delegates, whose onsentingpositions are expressed as the delegators vote, while dissenting positions areabstained from. Furthermore, irular votes delegations are allowed. Hene, del-egated votes are not neessarily passed one way upstream, but the an irulatewithin a group and ensure a ertain degree of ooperative voting.A Partiipant p an delegate a portion dpq of her voting weight to partiipant
q and hange her vote from vp to an average with vq. The vote delegationmehanism then omputes a transformed vote vetor ṽp whih is expressed asthe new vote vetor and whih is ounted in the evaluation of the total result.

ṽp = n

(

vp +
∑

q

dpq ∗ ṽq

) (3)Funtion n is a vetor normalization, that ensures full voting ativity, evenif delegates disagree on any of the initiatives.
n(v) =

v

‖v‖
(4)Tehnially speaking vote delegation exhanges ones own vote vetor with aweighted ombination of delegate vote vetors. From a gaming perspetive thishas signi�ant onsequenes. Delegations are publi expressions of ooperativeintentions, but they are no proofs that ooperation in maintained. In fat, theooperative behavior an not be observed and eah group member an defet intovoting along her initial preferenes. This leads to the soial dilemma as shownbelow, with the speial feature that ooperative opportunities exist betweenalmost any two partiipants. 6



3. UTILITARIAN CONSIDERATIONS3 Utilitarian ConsiderationsThe utilitarian approah provides a mathematial framework for the behavior ofrational individuals [2℄, whih allows us to derive a number of strategi propertiesof the disussed voting system. We onsider a utility funtion up that measuresthe satisfation that partiipant p gets from the results. Naturally, p wants tomaximize her utility and, assuming rational behavior, votes aordingly.
vp = argmax up(R(1), R(2), · · · , R(n)

) (5)In the following, it must be assumed that the utility funtion up is smoothand without loal extrema. Smoothness an be derived from the fat that nosudden or disontinuous deisions an be taken from the system. All resultsare either of advisory nature, or are run through a slow and smooth approvalproess. The lak of loal extrema implies that all partiipants always want tohange the politial landsape into any diretion and are never fully satis�edwith the status quo.3.1 Optimal Voting Weights Correspond to Real PreferenesThe �rst property teahes us that it is optimal to alloate voting weights a-ording to real preferenes. Hene, the ratios of optimal voting weights equalthe ratios of real subjetive preferenes. These an be expressed as the utilitygradient ∇up that points in the diretion steepest asent, i.e. the diretion withquikest gain in utility. It will be shown that the voting vetor vp points in thesame diretion, but with a normalized length. Hene, a vote vp reveals a �rstorder approximation of p's utility funtion.
vp = n(∇up) =

∇up
‖∇up‖

(6)Proof: Let xr be the total result of the vote xr =
∑

q vq and x0 be the resultprior to the partiipation of p, i.e. x0 = xr−vp. The ontribution of p an adjustthe result within the onstraints provided by the voting system φ = ‖xr−x0‖−1where φ(xr) = 0. Now, p wants to maximize her utility with subjet to aboveonstraints. By the method of Lagrange multipliers we an onlude that utilitymaximization is ahieved when ∃λ : ∇u = λ∇φ, whereas ∇φ = 2(xr−x0) = 2vpand �nally λ = ‖∇u‖/2.While few people will be able to speify their marginal utility with suhan auray it is never the less important that utility an not be inreased byvoting against ones personal preferenes. Seond, aurate preferene vetorsan be derived from averages over a number of delegated group members.3.2 The First Marginal Vote has Zero CostThe seond property on�rms that the �rst marginal voting weight omes forfree. Hene, it is just rational to assign some voting weight to an initiative at ones7



slightest onvition. It does not require notieable redution of voting power onother initiatives.This property also has strong impliations for ooperative voting strategies.Any topi you feel almost indi�erent about an serve as a valuable asset in avote swapping deal. Suh deals are extremely important in the quest for solvingthe soial dilemma. Naturally, you would prefer to enter suh a ooperative dealwith someone who has mathing ore priniples.Assuming partiipant p intends to alloate some voting weight to a newinitiative i. Due to the limited overall voting weight p has to withdraw somevotes from any other initiative. Here, she deides to ut bak on j. The questionnow is how muh weight must be subtrated from j in order to inrease her voteon i by one marginal unit. As indiated previously the answer is zero.
lim

vpi→0

dvpj
dvpi

= 0 (7)Proof: The voting weight is on�ned by ‖vp‖
2 − 1 = 0. Building the totaldi�erential yields ∑ 2vpidvpi = 0. Division by dpi yields dvpj/dvpi = −vpi/vpj .The high exhange value of the �rst marginal vote is onsistent with realworld observations. Few seonds spent on signing a petition are met with hoursof ampaigning e�orts, while a full time ommitment to a politial movementhardly pays the bills. Dediated interest groups also pro�t from the large statusgained by representing their members in speialized issues.3.3 Any Two Partiipants Can CooperateThe third property onerns the ability to inrease in�uene through ooperativevoting. Joint voting tatis are known to prevail in all demorati voting systems[3℄. Often it is not easy to �nd suh opportunities, sine they might our onlybetween ertain partiipants with a suitable preferene math. In this respetthe internet voting system is muh more demorati. Any two partiipants anooperate, almost regardless of their politial preferenes.The internet voting system is designed as an interative game, where votesan be viewed and reassigned. Tatial voting is an intended part of the system.The internet voting system does not try to resolve pathologial ases with ir-ular and twisted preferene orders. It just shows the presene of suh inonsis-tenies as a sequene of non-onverging voting results. If yli voting behaviorwas to be resolved, more negotiations have to take plae and new initiativesmust be added to serve as a potential inentive for arbitration.In the most simple ooperative situation between two partiipants p and

q eah side delegates a positive voting weight ǫ. The symmetri delegation isertainly not the only ooperative option. There might be a number of reasonswhy the other side should delegate a larger voting fration. Anyway, for thefollowing disussion p delegates to q with dpq = ǫ and vie versa dqp = ǫ.Following equation (3) new voting vetors ṽp and ṽq an be derived.
ṽp =

vp + ǫvq
‖vp + ǫvq‖

, ṽq =
vq + ǫvp
‖vq + ǫvp‖

(8)8



3. UTILITARIAN CONSIDERATIONSThis mutual delegation is almost always bene�ial for both sides. Thereare only two exeptions. First, p and q already have equal opinions and equalpreferenes on all initiatives, i.e. vp = vq. Maximum ooperation is ahieved.It is not possible to ooperate further. Seond, p and q have exatly opposingpreferenes vp = −vq. Both sides disagree on all initiatives with equal prefereneweight. Exluding these two speial ases there always exists a delegation weight
ǫ for whih both partiipants an inrease their utility.

∃ ǫ > 0 : up(ṽp + ṽq) > up(vp + vq) ∧ (9)
uq(ṽp + ṽq) > uq(vp + vq)Proof: We start with building the derivative of the normalizing denominator:

d
dǫ
‖vp+ǫvq‖ =√(vp + ǫvq) · (vp + ǫvq) = 1/2

√

‖ · ‖(vq ·(vp+ǫvq)+(vp+ǫvq) ·vq.Inserting an initial ǫ=0 yields vp · vqNo we an ontinue to onstrut the derivative of uP at ǫ = 0. d
dǫ
up(n(vp +

ǫvq)+n(vq+ǫvp)) = (∇up) ·(vq−vp(vp ·vq)+vp−vq(vp ·vq)). Inserting ∇up = vpand vp · vp = 1 yields 1− (vp · vq)
2, whih is positive for vp 6= ±vq.Joining a ooperative formation group members do no longer vote along theirpersonal preferenes. Instead, they must strive to optimize group utilities with

n(∇ũp) = ṽp and n(∇ũq) = ṽq. If one side fails to do so ooperation breaks.Beause the global existene of ũp and ũq is not guaranteed, building onsistentand sustainable ooperation remains a hallenge.It is important to realize that temporary ooperation an our even betweenpartiipants who disagree on all issues. As soon as absolute preferenes deviateeah side an gain support in an important area, in exhange for giving up whatis pereived as a less important issue.Now it is time to revisit our initial example from setion 1.2. Two largefrations disagree on all two initiatives with (Yes,No) against (No,Yes). In adisonneted vote it is up to a small minority to deide for an arbitrary outome.In the suggested voting system this is not the ase. The two large groups anooperate temporarily and favor a (No,No) over a (Yes,Yes), just by putting alittle more preferene on opposing the other initiative than on supporting theown. Assuming minimal ooperative intentions the minority group is only leftwith joining either of the larger frations. It an not open up a third (Yes,Yes)path.3.4 Cooperation Leads to the Soial DilemmaThe fourth property reminds us that the suggested voting system does notautomatially resolve the soial dilemma. It an only help doing so and supportthe required negotiations. The ooperative state is not a Nash equilibrium. Itstill takes mutual soial links and a fundamental will to work together.The politial onsequenes of a failed ooperative state are often severe. Twoparties �rst agree to ooperate and start implementing a joint set of initiatives.But then, ooperation breaks and eah side denies neessary amendments toinitiatives they originally supported. The results are inomplete and inonsistentlaws that don't math the intended spirit.9



The internet voting system bears a similar dilemma. Despite the fat thatvoting vetors are permanently visible, the ooperative status an not be ob-jetively determined. This is due to an abundane of non-defetive reasons whythe voting vetor an hange. With a large number of exuses at hand one doesnot need to fear immediate retaliation when defeting in a ooperative vote.Delegation weights an publily announe ooperative intentions, but neithertheir existene nor their absene bears any proof. The e�et ould as well havebeen repliated manually, or undone with the remaining voting weights.The observation of the voting vetors an also be misleading. If a partiipantrestores her voting vetor to a preooperative state it an have many reasons.For one, her preferenes might have hanged to a more extreme position and shenow votes what she believes to be the fair ompromise. Another reason mightbe that she entered a ooperation with an even more extreme partiipant. Herooperative in�uene is then visible in the third partiipant's vote.Even an unhanged voting vetor does not neessarily proof unhanged o-operative intentions. Maybe the partiipant displayed an exaggerated positionprior to the ooperative deal and would have voted for what she pretends to bea ooperative onession anyway.Figure 8 shows an example of a ooperative dilemma. Both partiipantsagree on the �rst initiative, but disagree on the seond. Sine their voting poweron the seond initiative anels out anyway, they ould as well fous entirely onthe �rst initiative. Whihever side manages to get away with a defetive votean get the best results.Fig. 8. Soial dilemma in ooperative voting. P has a utility of up = R(1) + R(2) while Q'sutility is uq = R(1)−R(2). In the ooperative state both an gain a utility of up = uq = 2.0.If one side defets its utility inreases to 2.41 while the other side is left with a mere 1.0.Q: (0.71, -0.71) Q: (1.0, 0.0)P: (0.71, 0.71) (1.41, 0.0) (1.71, 0.71)P: (1.0, 0.0) (1.71, -0.71) (2.0, 0.0)The only known solution to the soial dilemma exists in a multiperiod re-peated play. Therefore the internet voting system is more assistive in solvingthe soial dilemma. Bene�ial ooperative states an be upheld for a long periodwithout the need to renegotiate after any hanges in the politial landsape.The internet voting system awards the ability to ooperate even in the lightof politial battles with an inreased in�uene on the �nal result. No matterwhat the outome of the vote, these people are the ones that should have themost power. Only they an guarantee sustainable and stable poliies. Given agroup with low entry and exit barriers, it is fair to assume that the frationwhih has higher ooperative tendenies is more adept to represent the group.Maybe it's even fair to say: they are the group.10



4. CONCLUSION4 ConlusionA voting system that grants full voting weight on eah initiative does appeal tothe politial hardliners. Abstention or any indiation of low preferene must beseen as a weakness. The vote ould have been swapped or sold for a politialfavor in an other area. The soial and politial impliations are severe. Politiiansmust falsely display strong preferenes on any issue, whih then ompliatesarbitration e�orts.This doument suggests a �xed voting system that an be used by groupsof ativists with good governane as a entral goal. The system awards a bal-aned expression of politial views with higher voting weight in key areas andit supports the formation of ooperating groups of voters that an span manydeisions regardless of atual preferenes. Thus, the voting system puts its fouson arbitration and on the solution of the soial dilemma.Harvesting the interative features of the internet makes the suggested vot-ing system the �rst of its kind. By ombining elements of online games and soialnetworks it enables a new dimension of problem solving apabilities. Eah par-tiipant is represented by a voting vetor. As soon as mutual onsent is ahieved,the vetors start pointing into the same diretion. This does not automate theproess of solving the soial dilemma, but provides some metris of well you did.Demoray is often expeted to provide an automated problem solving ma-hine that turns personal preferenes into the publi good. In many Westerndemorati states this fatal misoneption is so strong that it even survives mil-itary defeat and the obvious inability to solve the sustainability problem. Manyfanatis are in power, who stik to a mantra of individualisti thinking leadingto the publi good. This mantra is reited in the awake of deay and rises on aglobal sale. If this doument and the herein suggested voting system an playa role in a ooperative politial revolution then it has served its purpose.Referenes1. Mihael A. Jones. The Geometry behind paradoxes of voting power. Montlair State Uni-versity, 2006.2. Alfred Marshall. Priniples of Eonomis. London: Mamillan, 1920.3. Philip J. Reny. Arrow's Theorem and the Gibbard-Satterthwaite Theorem: A Uni�ed Ap-proah. University of Chiago, 2000.4. Warren D. Smith. Desriptions of single-winner voting systems. 2006.5. John von Neumann and Osar Morgenstern. Theory of Games and Eonomi Behavior.Prineton University Press, 1944.
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