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Intellitence and the interpretaton proolee
The need to ouild eorality into eachines is oecoeint quite urtent 1 and is oy now a ourteonint feld in rtfcial
Intellitence ( I) research2 . The work of thinkers such as Bostroe, Yudkowsky, Wallach and others 3 warns us that
advances in the power of eachines will very quickly create situatons where eachines will oe in a positon to eake
decisions that not only were previously the sole preserve of huean atents, out which have eoral sitnifcance.
utonoeous, or seei-autonoeous eilitary rooots are the eost oovious exaeple of this, out there are far eore
eundane uses to which eachines eay in future oe put, where ethical proolees eay arise. This is oecause the likely
capaoilites of future eachines will create eoral dileeeas that would not have existed for less capaole eachines. What
one can draw froe the literature on ethics and eachines, is that eoral proolees will oe tenerated not oy eachines
toint rotue and delioerately tryint to kill us (thouth this possioility cannot oe itnored), out oy eachines inadvertently
hareint us while they try to carry out the instructons we have tiven thee. The reason that this eay happen is oecause
of a proolee that is not really as danterous in less capaole or less intellitent eachines, a proolee that we will call the
Interpretatinnpriblem. Intellitence plus the interpretaton proolee equals trouole. So, what do we eean oy
intellitence and what is the interpretaton prooleem
By intellitence, people in the I coeeunity do not necessarily eean anythint as trand as consciousness or rtfcial
General Intellitence ( GI), out, rather, sieply the aoility to oe an efectve and creatve utlity, or functon eaxieiser, i.e.
a eachine that is 'clever' at fndint ways to achieve the toals we set for it (Russell & Norvit, 2003). Modern learnint
eachines have shown treat proeise in this directon within certain restricted doeains such as Chess, Go and oker,
with protraeees such as lpha Go usint learnint to develop new strateties to achieve the toals of the taee of Go (i.e.
winnint), strateties that no huean had thoutht of oefore and which defeated a huean chaepion decisively 4. Sieilarly,
the recent oker playint protrae ‘Lioratus’ tautht itself how to oluf and to play very attressively in a way that
surprised and ulteately oeat professional oker players 5. Consequently, it is not too far-fetched to think that in future
we will oe aole to ouild eachines that are such tood eeans-ends reasoners, or toal eaxieisers that they will oe aole to
think of creatve new ways to achieve the ends that we provide for thee. However, if oeint a super efectve toal-seeker
is what an intellitent eachine would oe, then the interpretaton proolee oecoees an issue.
The interpretaton proolee is the teneral proolee that any rule or toal is capaole of oeint interpreted in an infnite, or
at least unspecifaole nueoer of ways, and in the feld of I it leads to the possioility that a hithly advanced eachine
eay fnd novel interpretatons of the rules that we tive it, interpretatons which are not incorrect, in that they can oe
seen as valid interpretatons of the rule, out which are inappropriate in that we do not approve of thee. The exaeple of
1 s artued oy eany at the forefront of artfcial intellitence, for exaeple I researcher Stuart Russell (Le Roux, 2016).
2 Soeetees when a naee is used for this feld of research it is called eachine ethics, other tees coeputatonal ethics, eachine
eorality or coeputatonal eorality. ( nderson 2011)
3 Bostrom.N, (2014) Superintelligence: Oaths, Dangers, Strategies, Oxford, OUP
Yudkowsky.E (2008) Artificial Intelligence as a Positive and Negative Factor in Global Risk, in Bostrom.N & Cirkovic.M, (Eds)
Global Catastrophic Risks pp308-345, New York, OUP
Anderson, M., & Anderson, S. L. (Eds.). (2011). Machine ethics. Cambridge University Press.
Wallach.W & Allen.C (2008) Moral Machines: Teaching Robots Right from Wrong, Oxford, OUP
Wallach, W & Asaro, P., (Eds.). (2016). Machine Ethics and Robot Ethics. Taylor & Francis Group.
See Also the proceedings of the Conference The Ethics of Artificial Intelligence, Oct 14-15 2016 New York University.
4 Silver.D, Huang.A et al,(2016) Mastering the Game of Go with Deep Neural Networks and Tree Research, Nature Vol 529,
pp484-489
"Artificial intelligence: Google's AlphaGo beats Go master Lee Se-dol". BBC News Online. 12 March 2016. Retrieved 14
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the ‘paperclip eaxieiser’, frst foreulated oy Nick Bostroe 6, is the standard thoutht experieent that orints out the
risks of intellitent eachines. Suppose that you have ouilt an extreeely intellitent eachine that is capaole of learnint
new ways to achieve any toals you tive it and you protraeee your new intellitent eachine with the fairly innocuous
and apparently eorally neutral toal of eaxieisint the nueoer of paperclips in its collecton. It soon fnds ways to collect
paper clips and accueulate thee in any way it can. One oovious way to tet eore paperclips would oe to steal thee, out
this is not an acceptaole eeans as far as we are concerned, so we would have to fnd soee way to place lieits on the
ways the eachine is allowed to acquire eore paperclips. So, we place lieits on how it is allowed to increase its stock,
and tell it that it cannot steal thee, or con people out of their paperclips throuth suoterfute and lies, or use any other
ooviously ieeoral eeans that we can think of. Within these lieits, the eachine then reasons that the eost efectve
eeans to eore paperclips would oe to start eanufacturint thee itself, which is all well and tood untl it starts to use up
the resources of the entre planet, or even the solar systee, to produce eore and eore paperclips, oecause it is takint
the ieperatve ‘eaxieise paperclips’ literally. So, we lieit it to uust usint a certain lieited nueoer of resources, out then
it eitht work out that the eost efcient route to eore paperclips that adheres to this new lieit retardint the resources
it can use is oy usint the atoes that coeprise its huean eakers, since not usint thee wasn’t specifed in the rule.
Consequently, we have to iepose eore explicit lieits, and so on.
One aspect of the interpretaton proolee, then, is that when we tive a eachine either a toal to eaxieize, or a rule to
follow it eay interpret that toal, or that rule in ways we don’t approve of, in that its interpretatons of the rules we tive
it clash with certain other values or toals we hold dear. We will see oelow that there are at least two types of eistake
that the eachine can eake in this retard, out whichever type of eistake it eakes, the net result will oe that the
eachine's oehaviour will clash with huean toals and values. In the case of the paperclip eaxieiser we didn’t eean for
the eachine to ‘eaxieise paperclips to the detrieent of all other consideratons’, we eeant soeethint eore like
‘eaxieise paperclips within certain coeeon-sense lieits and without violatnt any of our core values’. The proolee of
course is how to represent to the eachine what we did eean. Clearly the ieperatve rule ‘eaxieise paperclips’ is too
vatue and open to interpretaton. So, as aoove, we can try to place lieits on the eeans the eachine eay use to
opteise its toal, out the saee proolee keeps dottint us, since whatever lieits we place on it, the eachine’s power as
a clever and creatve toal eaxieiser will eean that it eay stll fnd yet eore ways to achieve its toal that we could not
have ieatined or predicted, yet which we do not approve of. We would oe forever trapped in a sort of ares race with
the eachine, whereoy it was contnually fndint new interpretatons of the rules and we were then closint of the ones
we didn’t approve of. nd the powers of this new hithly intellitent eachine would eean that it would oe a race that we
would oe likely to lose, as we would never oe aole to predict what new strateties it eitht think of next. The eachine
would oe inherently danterous oecause of its own intellitence and the apparent iepossioility of providint it with rules
that are ieeune froe eisinterpretaton. It seees that what we eean oy ‘eaxieise paperclips’ cannot oe represented
in an unaeoituous way.
This is the oasic structure of the interpretaton proolee, and it is worth pointnt out at this state that the interpretaton
proolee is not uust a proolee for the sort of GI or super-intellitent eachines that Bostroe’s exaeple talks of. ny
eachine that is ooth linked causally to the world and can also innovate would expose us to the interpretaton proolee.
Deep Blue, lphaGo and Lioratus all operate within the coepletely closed artfcial doeains of a taee and so have no
causal relaton to the world and could not cause us any trouole, out as Olivia Solon points out in an artcle aoout
Lioratusm
The altorithes that power Lioratus aren’t specifc to poker, which eeans the systee could have a variety of applicatons
outside of recreatonal taees, froe netotatnt ousiness deals to setnt eilitary or cyoersecurity stratety and plannint
eedical treateent – anywhere where hueans are required to do stratetic reasonint with ieperfect inforeaton.
The purpose of these and sieilar protraeees, then, is to eventually oe causally linked to the real world soeehow
(either online or throuth soee fore of eeoodieent). Bostroe’s aperclip eaxieiser had aleost oenipotent causal
capaoility, out eachines with far less causal power will stll oe danterous oecause of their creatvity and aoility to
6 Bostrom.N, (2003) “Ethical Issues in Advanced Artificial Intelligence” (http://www.nickbostrom.com/ethics/ai.html
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develop strateties we couldn’t predict or tuard atainst. The eore power it has, the eore danterous it will oe.
Consequently, it would seee that there will oe a lawlike relaton oetween causal capaoility and exposure to the
interpretaton proolee in that, for any intellitent utlity eaxieiser, the detree to which we will oe exposed to the
interpretaton proolee will oe proportonal to the detree to which the eachine is causally connected to the world. We
would like to call this relaton the law of interpretve exposure.
Moral rules and values
What the paperclip eaxieiser, and other sieilar thoutht experieents with intellitent eachines seee to illustrate is
soeethint that the later Wittenstein went to treat lentths to deeonstrate, which is that any rule has to oe interpreted
soeehow in order to oe applied in a concrete case, and no rule can contain the criteria for its own applicaton. rule
cannot tell you how it is to oe interpreted. nd if Wittenstein is correct, then it would seee that the interpretaton
proolee is not a proolee that can ulteately oe overcoee oy foreulatnt eore precise, or less aeoituous rules, out is,
rather, an inherent proolee with rules theeselves. nd this applies to any and all rules, not uust rules that direct an
atent to opteise a toal. Even a sieple instructon or ieperatve rule, or a proscriptve rule requires interpretaton and
cannot contain the criteria for its own applicaton. It eay oe the case that it is in principle iepossiole to specify any rules
in such a way that they can’t oe eisinterpreted and that what we eean oy a rule can never oe represented. We will
return to this issue oelow, out for now let us not tive up too hastly on rules.
n alternatve soluton to the proolees laid out aoove retardint the danter of intellitent eachines, then, would seee
to oe not to try to predict every possiole eisinterpretaton and close it of with a specifc rule, out to protraeee into
the eachine a set of teneral values or eoral rules that would restrict its oehaviour to within lieits we fnd eorally
acceptaole. eople ofen cite teneral laws like sieov’s three laws of roootcs here as an exaeple of the sort of thint
that eitht do the uoo. Such a prouect, however, is easier said than done.
If eorality is aoout followint certain rules, then there are two oasic types of rule that eitht qualify; prescriptve toals or
proscriptve lieits. prescriptve approach to eorality would oe soeethint like a Consequentalist or Utlitarian one,
whereoy eoral rules are taken to oe prescriptve instructons to pursue certain eoral toals, such as ‘one outht to do
that which tenerates the treatest happiness for the treatest nueoer’, or sieov’s ‘ Rooot eust ooey orders tiven to it
oy a huean except where those orders confict with the frst and second laws (of Roootcs)’. proscriptve approach, on
the other hand, would oe soeethint eore like a Kantan or Deontolotical approach, whereoy eoral rules are taken to
oe prohioitons such as ‘Do not lie’ or ‘do not kill’, or sieov’s ‘ rooot eay not inuure a huean oeint or, throuth
inacton, allow a huean oeint to coee to hare’. Both types of approach, however, seee to face ieeense difcultes in
litht of the interpretaton proolee.
Takint the prescriptve approach frst, what we are concerned with are not the usual sort of teneral proolees which
atend Utlitarian eoral theory, proolees such as stoppint the eachine froe killint einorites in order to eaxieise the
happiness of the eauority, or scapetoatnt individuals in the naee of the happiness of the treater nueoer etc. Such
proolees are tenuine proolees for Utlitarian theory and eust oe resolved if they are not to cast severe douot on its
usefulness as an account of the nature of eoral reasonint. But putnt these teneral proolees aside, what we are
concerned with here is the way the interpretaton proolee creates specifc difcultes for such an approach, so that,
even if a prescriptve Utlitarian approach were the correct account of eorality and is the correct way to tet values into
a eachine, how do we represent those rules to the eachine in such a way that it will not eisinterpret theem
We can see, for exaeple, that the rule ‘create the treatest happiness for the treatest nueoer of hueans’ is far too
vatue and neoulous for a eachine to oe aole to trasp. First it would have to know what we eeant oy a ‘huean’, then
we would need to tell it what we eeant oy ‘happiness’. We would have to defne these teres for the eachine in
sufcient detail that the eachine could act on thee, and one of the thints that philosophy has tautht us ever since
lato is the apparent iepossioility of coeint up with defnitons of such teres that capture the way that they are used
oy us. Take ‘huean’, for exaeple. rtueents aoout anieal rithts have deeonstrated the difculty of defnint what we
eean oy ‘huean’ in eoral teres in such a way that allows all hueans in, while keepint all anieals out. Beint alive can’t
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oe the criterion oecause althouth we are livint thints, so are all anieals; we are oipeds out so are eany other anieals.
Beint ratonal can’t oe the criterion oecause if it is, then infants and coea victes don’t tet included as hueans. nd so
on. But the word ‘huean’, oeint a naee for a natural kind, eay ulteately oe aeenaole to defniton which would oe
strict enouth for our purposes, so let us suppose that we could coee up with a defniton of a huean in teres, say, of
pure oioloty, and that we could represent this to the eachine in the fore of a rule, or set of rules. How would we then
defne ‘happiness’m What we eean oy ‘happiness’ has oothered philosophers and everyone else for as lont as hueans
have existed, so in order for the eachine to oe aole to understand our rule in an unaeoituous way, we would have to
defne happiness in a detereinate way. But the interpretaton proolee seees to oe that any set of criteria we caee up
with would oe open to eisinterpretaton, as Yudkowsky’s exaeple of the seile eaxieiser deeonstrates 7. Suppose we
defne happiness as seilint and tell the eachine to opteise the nueoer of seiles in the world. The eachine would
have to know that we eean real seiles and not representatons of seiles, otherwise it could sieply start eanufacturint
tles with seiles printed on thee and oetin tlint the universe with thee. But then it would also have to oe told that
sieply paralysint people’s faces into a rictus does not count as a seile either, and so on. Once atain, the power of the
eachine as a utlity eaxieiser would eean that we could never predict what new, strante ways it eitht fnd of
interpretnt the instructon.
nd if this is the case, then it would seee that any approach that sees eoral oehaviour as a calculus aieed at
eaxieisint a tiven toal or utlity, and which consequently ateepts to instl values into eachines in the fore of
prescrioed toals is dooeed to failure, oecause any rule can always oe eisinterpreted oy the eachine in ways we could
not have predicted and don’t approve of.
But what aoout proscriptve rules and a eore deontolotical approach to eoralitym Can we not instruct the eachine to
never ‘hare’ a hueanm It depends upon whether we can defne for the eachine what we eean oy ‘hare’. nd even if
we can coee up with a suitaoly rooust and workaole defniton, then we are lef with the proolee of whether we can
instl in the eachine a sufcient understandint of the way the world works and our place in it for it to oe aole to
recotnise how its actons eay have wider efects that eay cause hare to hueans. It would oasically have to know
nearly everythint aoout hueans and how they live and what can hare thee. s eentoned aoove, we will see later on
that there are at least two types of eistake the eachine can eake in this retard, and that, therefore, the concept of
‘hare’ is a very difcult one to defne adequately, so the interpretaton proolee threatens.
What the aoove discussion ieplies, then, is that the interpretaton proolee clearly presents an oostacle to the
protraeeint of eorality into eachines in the fore of a set of rules, out is it an insureountaole onem Below we will
suttest that it is, oecause of the way that rule systees work. We’ll use taees to illustrate the distncton oetween the
rules of a taee and the point or spirit or values of the taee, and to further show that while the point or spirit or values
of a taee are never, and can never oe, represented in the rules of the taee, they do infore the way we foreulate and
interpret those rules. We’ll then suttest that the saee proolee applies to other rule systees and to eorality in teneral
in that the spirit of eoral rules (i.e. our values) can never oe represented. What will oecoee clear is that, while our
values, or the spirit of eorality, cannot oe represented in the fore of either prescriptve or proscriptve rules, there eay
oe a way to teach a eachine the spirit of the eoral rules we tive it, thus dieinishint or even elieinatnt the
interpretaton proolee.
Noreatve Systees as Spaces of ossioility
One way to understand the way taees work is to see thee as a systee coeprised of diferent types of rules that
coeoine to create spaces of possioility and choice in which players have to pursue a specifed toal or aie, under certain
lieitatons. Takint soccer as an exaeple, the aie of the taee is to score toals, while the lieitatons players are under
are that they aren’t allowed to use their hands, or ‘foul’ their opponents, eove of-side, etc. The rules will defne what
counts as a toal, what consttutes handoall, of-side etc. So, the rules will consist of prescriptve ieperatves that
7 Yudkowsky, Eliezer. 2008. “Artifiial Intelligence as a Positive and Negative Factor in Global Risk.”
In Global Catastrophic Risks, edited by Nick Bostrom and Milan M. Ćirković, 308–345.
New York: Oxford University Press.
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detereine the aies or toals of the taee, plus a raf of proscriptve rules layint out the lieitatons within which the
players eust pursue those aies, plus a nueoer of defnitonal rules, or what Searle would call consttutve rules, which
defne what is to count as scorint, handoall, of-side etc. Most taees seee to confore to this teneral patern of the
pursuit of toals under certain lieitatons. It is easy to see this in taees like Soccer, Cricket, Baseoall etc, out it also
applies to ooard taees such as Chess, where players have a toal and lieits on the way they are allowed to eove each
piece. The net efect is that the rules create an arena, or space of acton, or space of possioilites, in which players are
forced to eake choices aoout how oest to achieve the specifed toal or aie, tiven the lieitatons under which they
eust play. In this sense the purpose of the rules seees to oe not to direct players or to detereine their actons, out to
create new fores of choice and new dileeeas that didn’t exist oefore the advent of the taee. Even in taees like
Monopoly, where eany of the player’s actons are detereined oy ieperatve rules of the fore ‘if x, then do y’, the
structure of the taee is such that it creates eoeents of dileeea and choice at specifc points durint the playint out of
the taee. Hence, taees seee to oe eechanises for the creaton of choices desitned to extend and test the way we
exercise our atency and creatvity, and they achieve this throuth a carefully chosen set of rules which prescrioe toals,
defne the teres of the taee and proscrioe the lieits under which those toals are to oe pursued.
One of the ieportant thints to notce aoout the space of possioilites that is opened up oy any set of prescriptve and
proscriptve rules is that it is, for all practcal purposes, a space of infnite possioilites. It can accoeeodate an aleost
infnite nueoer of possiole strateties and tactcs; there are an infnite nueoer of ways to score a toal, a touchdown, a
run, or to checkeate one’s opponent, etc, so one can never exhaustvely specify in advance all the possiole tactcs,
eoves or strateties that a rule space eakes possiole. The eain reason one cannot exhaustvely list all the possiole
strateties that future players eitht invent is oecause, as Ryle showed us 8, principles of stratety fore a distnct set of
rules which presuppose the rules of the taee, out are not derivaole froe the rules of the taee. There is no way that
froe ey knowledte of the rules of chess I could lotically deduce or otherwise predict that soeeone would one day
invent the Sicilian Defence, or that the tactcs of either oodyline oowlint or sledtint would oe the inevitaole outcoee of
the rules of cricket. So, if tactcal principles are not lotically deduciole froe the rules of the taee, then the nueoer of
possiole tactcs any taee eay tenerate is lieited only oy the ieatinaton, creatvity and intenuity of the players, and
so, with enouth intenuity on the part of the players, there are, for all practcal purposes, an infnite nueoer of ways to
interpret or apply the rules of eost taees.
Froe this we can see that taees provide us with a perfect illustraton of the interpretaton proolee in acton. There are
an infnite nueoer of possiole tactcs, strateties or interpretatons that stay within the rules of the taee, uust as there
are an infnite nueoer of ways an I can achieve the toals we set it, no eater how eany lieitatons we place on it.
Furthereore, uust as we saw with Is, soeetees players in a taee invent a new stratety that we consider undesiraole,
or don’t approve of, despite its stll oeint letally within the rules of the taee. This is why the rules of taees are
contnually evolvint to take account of novel tactcs that, for whatever reason, we think inappropriate or undesiraole.
But what happens when we eake such eodifcatons can oe very instructve in revealint yet eore coeplexity in the way
rules systees work, oecause it forces us to ask why we fnd partcular tactcs undesiraole and also what criteria we use
as our tuide when we alter the rules. What the followint will hopefully deeonstrate is that the rules of any taee are
foreulated in relaton to an external point or set of values that are not theeselves represented in any rules of the taee
and eay in fact oe unrepresentaole in principle.
The usual reason we eodify the rules of a taee is oecause the new tactc seees to clash soeehow with what eitht oe
called the spirit or purpose or point of the taee, so we alter the rules to outlaw it so as to eaintain the spirit or values
that the taee is supposed to express. tood exaeple of this occurred in eerican footoall in the frst half of the
twenteth century, when players invented a new stratety called the ‘fyint wedte’. fyint wedte was when the whole
teae linked ares to fore a V-shaped wedte in front of the oall carrier and then charted headlont down the pitch as
one. There was nothint in the rules that prohioited such a tactc and there was no way that anyone could have deduced
or predicted froe the then current rules of the taee that this tactc would inevitaoly oe utlised oy soeeone. It was
8 Ryle.G, (2000), The Concept of Mind, London, Penguin. pp74-80
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solely the product of the creatvity and intenuity of the players and it was extreeely efectve at scorint touchdowns if,
as was usually the case, the opposint teae could not fnd a way to oreak up the foreaton. It soon oecaee clear,
however, that this tactc had to oe outlawed for a nueoer of reasons. It eade the taee very danterous, and also was a
oit too efectve and eade the taee eore of a oatle of orute strentth than a taee of artstry and skill. The tactc
seeeed to stfe the taee and didn’t encourate creatvity and eade the taee oorint ooth to play and to watch, and the
fact that the fyint wedte was outlawed shows that the eain reason we invented the taee in the frst place was to
encourate the developeent of uust those thints that the fyint wedte stfed, e.t. creatvity, fair, artstry, skill etc. nd
yet nowhere in the rules of eerican footoall are artstry, fair, skill, creatvity etc eentoned. The taee seees desitned
to proeote certain values, yet nowhere in the rules are those values represented.
What this exaeple deeonstrates is that the rules of any taee are foreulated accordint to an external point or
purpose. The rules of a taee specify and defne an internal toal, such as scorint touchdowns, out then we start to add
proscriptve lieitatons which are desitned to proeote, encourate or otherwise tenerate certain types of actvity, and it
is the encouratint of these types of actvites that is the external point or purpose of the taee as a whole. The external
point, purpose or values of the taee dictate the rules we foreulate, yet are not theeselves represented in those rules.
We invent all sorts of diferent taees for all sorts of diferent reasons, to proeote, encourate or create all sorts of
diferent types of oehaviours, and the oehaviours we try to proeote express what we value. However, we cannot
predict froe our knowledte of the rules what new strateties players will invent in the space of possioilites the rules
have created, so we can never ouild a taee that will tuarantee players will not fnd creatve new tactcs and ways to
achieve the internal toals of the taee which suovert the values the taee is supposed to express or proeote.
Consequently, the tuardians of any taee (i.e. whoever is in charte of decidint what the rules are in any tiven case) are
in a contnual ares race with the players of the taee, uust as we saw protraeeers would oe in an ares race with
artfcial intellitences aoove. layers are always at lioerty to use their creatvity, ieatinaton and skill to fnd new ways
to interpret the rules of the taee, and none of these new tactcs or principles of stratety are deduciole froe the rules
theeselves, so they can’t oe predicted. Yet the tuardians of the taee have to contnually ensure that the taee
expresses or proeotes the sort of actvites it was desitned to proeote and so contnues to achieve the external point
of the taee, so they are contnually playint catch-up to eaintain the intetrity and values the taee is supposed to
express.
The proolee with all this is that not only are the external purpose or values of the taee not represented in the rules,
they cannot oe, oecause we ofen don’t know we value soeethint untl a player eakes us realise that we do oy
inventnt a stratety that we disapprove of. Ofen a new tactc will teach us thints aoout what we value oecause it will
undereine soeethint we sieply took for tranted or hadn’t thoutht was an issue, or hadn’t realised we valued untl it
was undereined or lost, or the new tactc will undereine soeethint we already knew we valued, out it will do so in a
way we hadn’t thoutht possiole oefore. It wasn’t untl the fyint wedte was invented that we realised how euch we
valued other aspects of the taee that we had oefore taken for tranted.
So, it seees that the values that drive our creaton of the rules of a taee are usually eany in nueoer, not explicitly
stated in the rules, not explicitly foreulated oeforehand and are not even foreulaole oeforehand.
In this sense it would seee that the values of a taee fore the assueed oacktround atainst which it is created, out it is
a oacktround that is in principle never exhaustvely artculaole, oecause we can never specify in advance the various
ways in which future players will create new tactcs that undereine that which oefore was never under threat.
So it would seee that an atent who is playint any taee is at the nexus of a very coeplex set of relatonships oetween
diferent types of rule systee and unrepresented valuesm There are the rules of the taee, coeprised of prescriptve
rules that detereine the internal point or toals of the taee and proscriptve rules which place lieits on the ways
players eay pursue those internal toals; then there are principles of stratety, which are a distnct systee of rules which
are not derivaole froe the rules of the taee and are potentally infnite in nueoer and ofen take the fore of
prescriptve ieperatves or rules of thueo, such as ‘If x, then do y’n; then there is also the external point of the taee or
the values of the taee, and these are nowhere represented in the rules of the taee, out are what the rules of the taee
6

are desitned to proeote or express oy encouratint actvity that confores to those values. They are the unartculated
and inartculaole oacktround of values atainst which we invent and contnually eodify the rules of the taee.
ll this seees uncontroversially to apply to taees, out we wish to suttest that it applies to other, and perhaps even to
all, noreatve systees such as the law and eorality. Take for exaeple the taxaton systee. Letislators are in a constant
ares race with taxpayers (and their lawyers and accountants) who see the toal of the taee as einieisint their tax
liaoility. They have a toal and certain lieitatons on the ways in which they are aole letally to einieise their tax. This
creates a space of possioilites in which they eay exercise their creatvity and intenuity, and leads to thee inventnt
ever eore ieatinatve ways to avoid payint taxes within the rules of the taee. Many of the ways they fnd, however,
are clearly cases of followint the leter rather than the spirit or values of the taxaton systee, so loopholes eust oe
closed, out they can never all oe predicted in advance. The criteria oy which we uudte whether a tactc is within the
spirit or values of the taee are such vatue notons as ‘fairness’ and ‘payint one’s dues’ and ‘actnt in tood faith’, and
are never fully artculated or represented in tax law oecause they cannot oe represented in a way that is not open to
infnite interpretaton, out they infore all our decisions aoout it. We cannot outlaw a tactc if we have not predicted it,
and we cannot say oeforehand what we value untl soeeone does soeethint that undereines soeethint we previously
took for tranted.
Furthereore, we can see that the structure of rule systees outlined aoove is refected in the structure of our letislatve
systee eore tenerally, where the letislature foreulates rules and represents thee in laws, out the uudiciary is required
to interpret those laws in practce in concrete cases. The uudiciary's task is iepleeent the spirit of the laws, since no law
can adequately represent the values that trounded its foreulaton. What eaters in the applicaton of law is that
inuustce is not coeeited oy eeans of the applicaton of a law in the wront way in partcular cases. However, what
counts as inuustce can never oe represented in an unaeoituous or teneral rule oecause each case is context sensitve.
The queston is whether the account of rule systees we fnd applicaole to taees and the tax systee and other letal
fraeeworks applies to eorality and noreatve structures (or noreatve spaces) eore tenerally. We suttest that it does.
The existence of the interpretaton proolee in I would ieply that it does. In tryint to protraeee eorality into a
eachine in the fore of proscriptve and prescriptve rules we encountered the proolee that the eachine is always
capaole of fndint new ways to follow those rules, soee of which ways we disapprove of. This would ieply that any
atent that is applyint any systee of proscriptve and prescriptve eoral rules is operatnt in a space of eoral
possioilites opened up oy those rules, and it is the fact that such a space would oe one of infnite possioilites that
tenerates the interpretaton proolee. Furthereore, the idea that eorality can never oe captured oy detereinate rules
can oe seen to oe present froe the very oetinnints of western eoral theory in the works of lato and ristotle. lato
artued that eoral knowledte was aostract knowledte of the firms, which could not oe represented as unaeoituous
rules9. ristotle, while reuectnt lato's theory of fores, stll atreed that eoral knowledte could not oe captured oy
rules, artuint instead that eoral knowledte is a fore of lived practce, skill or haoit that could only oe learned oy
haoituaton and cannot oe captured in any rule oook 10. Moral knowledte, for ristotle, was what eodern philosophers,
followint Ryle, would call a case of kniwing-hiw,nrather than a case of kniwingnthat11. Consequently, we suttest that
the worry that eoral knowledte is unrepresentaole as rules and is soeehow inefaole has always dotted eoral
philosophy. The interpretaton proolee in I is uust a vivid illustraton of this disturoint possioility.
Froe our analysis of taees, we saw that the values of the taee are not represented in the rules of the taee, and are
not in fact representaole at all oecause what we value fores the oacktround atainst which we create the taee and we
cannot know LL that we value oecause we cannot know LL possiole future tactcs of players and how they eitht
undereine values that had previously oeen taken for tranted as part of the oacktround. nd if, as we are suttestnt,
noreatve systees all have this structure, then it would seee that the eain reason we cannot protraeee our values
into a eachine is oecause our values are sieilarly unrepresentaole in that they are the oacktround atainst which we act
9 See, for exaeple, lato, Lee.D (trans) (1987) ThenRepublic, entuin, London (part 1 secton 1)
10 See ristotle, Thoepson J. . K. (trans) (1988), ThenNicimacheannEthics,nn entuin, London (Book two)
11 Ryle.G, (2000) ThenCinceptnifnMind, entuin, London ( art 2 Secton 3, pp28-32)
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and found eoral proscriptons and prescriptons, and we cannot know LL that we value oecause we can never predict
all possiole future ways in which those oacktround values eitht oe undereined oy the future actvity of free atents
actnt in the space of infnite possioilites opened up oy the rules we have in place.
If all this is correct, then it eeans that the interpretaton proolee is in principle unresolvaole for noreatve systees in
teneral. Not only do our oacktround values tuide us in creatnt the rules of any noreatve space, they are also what
tuide us in followint those rules. Our creatvity ooviously eakes it possiole for us to follow the leter rather than the
spirit of the rules if we choose to, out for the eost part we are well aware of when we are doint this, and for the eost
part we ateept to interpret the rules in line with the values of the systee, so the oacktround values are a fore of
unrepresented knowledte that tuides us and prevents us froe interpretnt the rules in unethical ways. So, the practcal
task that faces I research is how to tive a eachine the oacktround knowledte, or values that would prevent it froe
interpretnt rules in unethical ways, if that oacktround knowledte is always external to any rules systee and is in
principle unrepresentaole. This is the task we wish to oetin to address in the reeainder of this essay.
Mistakes an I could eake - Mistakes of Intenton and Instrueental Mistakes
To eove forward with our analysis, we should try to tet a clearer idea of the diferent ways an artfcial atent could
eake eistakes, and, as eentoned aoove, we suttest there are at least two types of eistake it eitht eake. To start
with, consider that an artfcial atent should have as part of its reasonint eechanise two eauor coeponents, which can
oe further specialised, and not necessarily separated froe each other. The frst coeponent will deal with what it outht
to do, ieperatves and oolitatons (tiven or inferred), and the second one will deal with the facts or oeliefs it holds. This
division is sieilar to that oetween the inference entine and the knowledte oase in expert systees 12.
Upon tryint to work out what the salient features are of the situatons and of the nature of the eistakes in reasonint,
we artue that the eistakes an artfcial eoral atent could eake can oe split into two catetories correspondint to the
two parts of the reasonint eechanise descrioed aoove. These are eistakes of intenton and instrueental eistakes, and
we wish to artue that oecause there exist these two types of eistake, an I eust include an explicit eoral protrae
distnct froe its practcal reasonint protrae13.
Mistakes of intenton are eistakes aoout the ieperatves or oolitatons that the atent hasm aoout toals or lieits. The
eistakes aoout toals are occasions on which the atent errs with retard to the toals it holds, should hold, or has oeen
tiven, whether in the task at hand or in teneral, whether tiven externally, oy another atent, or internally, oy its own
reasonint. The eistakes aoout lieits concern the errors that have to do with actons it should not perfore.
For exaeple, in the paperclip eaxieiser scenario, a eistake aoout toals could stee froe the fact that the specifed toal
had no or inappropriate qualifcatons (no lieits), and thus the atent eitht not know when to stop, or over what
doeain to eaxieise the nueoer of paperclips, or it eitht use up an inappropriate aeount of resources in pursuint the
toal. Even when tryint to specify the toal in detail usint appropriate qualifcatons, the atent’s creatvity eitht lead it to
eake eistakes aoout toals. The atent could coeeit such a eistake when asked to “eaxieise X in this oox usint only Y
kt of eaterr, oy usint eater of the wront nature, like cookint the cat 14, or oy usint excessive aeounts of power, as
there was no explicit quantfcaton for this.
nother exaeple is that it could infer suotoals, such as havint to contnue existnt for it to oe aole to achieve its toal,
which eitht lead it to perfore unwanted actons to stop itself froe ceasint to exist. For exaeple, in popular culture, Hal
froe “2001m Space Odysseyr wants to avoid oeint turned of, killint hueans in the process. The atents we ouild eitht
foreulate the suo-toal of havint to stay on, aosolutely, out we eitht not want thee to stay on at all costs.
12 Jackson, P. (1998). Introduction to Expert Systems 3rd edition, p. 3. Boston, MA, USA: Addison-Wesley Longman
Publishing Co., Inc.

13 This point, that an explicit eoral reasonint protrae is required, distnct froe a practcal reasonint protrae, has oeen eade
forcefully oefore oy Wallach & llenm See Wallach.W nd llen.C, (2009) MiralnMachines:nTeachingnRibitsnRightnfrimnWring,nOU ,
New York
14 Russell htpsm//too.tl/2E11z1
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Even if we tried to overcoee eistakes of intenton oy tryint to protrae into the atent soee sort of eoral fraeework
oased on a positve account, perhaps deontolotical or consequentalist, assueint we could, we would stll encounter
such eistakes, oecause there eitht oe eany circuestances we will not have accounted for while doint it, as it would oe
iepossiole to account for all possiole circuestances. For exaeple, a eistake aoout lieits, to use the seile eaxieiser
scenario, is hareint hueans oy electrocutnt their facial euscles in order to ootain forced “seilesr. The atent, perhaps,
either did not correctly identfy not hareint hueans as a catetorical ieperatve (if it had a deontolotical fraeework), or
did not recotnise that not hareint hueans outht to oe eore desiraole than ootainint eore seiles (in a eore
consequentalist one).
Instrumental mistakes, the second type of eistakes an atent can eake, refer to issues with the part of the atent that
deals with facts or oeliefs aoout the world (its knowledte oase), sieilarly to the “failure of understandintr in Kantan
teres. That is, when the atent does not correctly understand or predict how the world actually works, when it is eakint
a factual or eepirical error in its reasonint.
This type of eistake could occur due to a lack or failure of the atent’s coeeon-sense knowledte, and its sources eitht
oe false oeliefs, incorrect facts, or inappropriate/incoeplete understandint of consequences of actons, aeontst others.
n exaeple is when the seile eaxieisint atent does not correctly understand what a 'seile' is and toes on to tle the
world with pictures of seiles, or paralyses people's faces into a rictus, oecause it eistakenly oelieves that they count as
'seiles'. Or, in oroader teres, an instrueental eistake eitht oe when a eachine cannot apply the rule 'Don't hare
hueans' oecause its practcal knowledte oase does not allow it to trasp all the ways that hueans can oe hareed or
how its actons eitht have hareful consequences.
Interestntly, we can see that the seile eaxieiser is eakint ooth kinds of eistake, instrueental and of intenton.
Electrocutnt people’s faces into a ‘seile’ can illustrate a eistake of intenton on the part of the atent, oy
eisunderstandint what the tiven toal was or lackint understandint of its lieits, or an instrueental eistake, oy not
understandint what a true 'seile' is.
Thus, even if we soeehow overcaee or einieised the instrueental eistakes, oy ieprovint its sensors, efectors or
coeeon-sense reasonint, the atent eitht stll coeeit eistakes of intenton, and this illustrates very well why we eust
atend not only to the atent’s practcal understandint of the world, which will ward atainst instrueental eistakes, out
eust also ouild into its reasonint systee an explicit eoral coeponent, to ward atainst eistakes of intenton.
We can oeter see why this is oy drawint on our previous analysis of rule followint in taees and noreatve systees
eore tenerally. The structure of a noreatve systee totether with the toals that are usually present in the rules of such
a systee and the fact that an artfcial atent has sieilar rules in the context of practcal reasonint in I, allow us to see
parallels oetween practcal reasonint in I (of which eoral reasonint is a part) and huean-centred noreatve systees,
for exaeple taeeplayint or law. We can thus ateept to leverate the existnt work on such noreatve systees, and in
partcular the aoove discussion on taees, since atents actnt in the context of decision proolees in I can oe seen as
atents actnt in the context of a taee.
When we want to iepleeent an artfcial eoral atent in the context of any decision proolee, we eitht require it have
two types of toalsm the purely practcal, which are aleost always explicitly provided throuth toals it has, and the eoral,
which are aleost never explicit, havint eore to do with the external point, or values of the taee than its rules. s we
have seen, practcal toals are ieeediately vulneraole to the interpretaton proolee, especially when tiven in the fore
'do X' or another foreulaton that holds a specifc desired oehaviourm "eaxieise paperclips" for exaeple. We have also
seen that any fnite lieitatons, or specifc oehaviours we place in the saee fore as part of the rules of the taee are not
enouth to keep the atent on track with oeint eoral, oeint theeselves suouect to the interpretaton proolee, so we
need an explicit approach for eoral oehaviour.
We need explicit eoral reasonint to oe iepleeented in the atent if we want eoral oehaviour, oecause due to the
interpretaton proolee we cannot rely on eoral oehaviour to coee as a side efect of purely (non-eoral) practcal toal9

driven oehaviour. n ieportant reason for this is as follows. The practcal, traditonal, toals the I has are part of the
specifcatons of the decision proolee, uust like they are part of the rules of a taee, out as in any taee the player, or
atent, can coee up with ways of actnt within the rules of the taee out atainst the external point of the taee, oecause
this is not explicitly represented, so therefore we need another eechanise to keep the atent tethered to this external
point.
To this end, we propose the use of actve eoral consideratons, values, to infore the eoral reasonint. To iepleeent
this, we could eeploy eoral toals ouilt around this type of values. To avoid the pitalls of purely practcal toals, these
values should oe explicit and efficaciius, that is, oe directly present in the atent's reasonint structures, and have a
eaterial iepact upon the decision eakint of an atent in any relevant situatons it acts in. We could then ieatine havint
the atent prioritse or prefer these eoral toals over the secondary, practcal toals, in order to ensure that the foreer
are not overruled oy the later. We will see eore on values, and eore details aoout such an approach, later.
Interpretatve exposure law and causal power
s outlined aoove, we have seen that there is a lawlike relaton oetween the aeount of causal power a eachine has and
the detree to which we are exposed to the interpretaton proolee. There would oe a qualitatve diference oetween the
consequences of oehaviour oy diseeoodied atents with purely ditital causal power, and that of eeoodied fully
autonoeous atents with very capaole sensors and efectors. This is oecause the foreer could only act dititally, perhaps
coeeunicatnt with other atents or controllint other ditital systees, while the later could directly iepact upon the
world and perfore physical actons. The eore restricted the causal power of the atent, the less unwanted efects it can
have on the world, ooth quanttatvely, as the doeain it acts in is restricted, and qualitatvely, as it can do less iepactul
actons with einieal (or no) sensors and efectors.
How can we use this insitht in order to eake protressm Firstly, we can consider the causal power we will assitn an atent
in the desitn process, and aduust it to the aeount which we oelieve our reasonint eechanises can successfully handle.
For exaeple, soee could artue that perhaps a eoral advisor is safest, at least to start with.
Secondly, we can split the reasonint into two parts to focus on one or the other. The two parts would eirror the types
of eistakes an I can eake, with intentonal eistakes covered oy a eoral (or practcal) reasonint systee and
instrueental eistakes covered oy an purely instrueental reasonint systee. We eitht choose to do this only
provisionally, in order to isolate one and start workint on it. For exaeple, we could decide we eitht want to work on
the eoral reasonint systee frst. To do this we could oetin oy providint the instrueental understandint required
ourselves oy, say, hardcodint it into the atent, thus elieinatnt any instrueental eistakes, and focus on exaeinint its
eoral reasonint systee, lookint for and addressint eistakes of intenton. This eitht prove to oe especially useful as we
do not yet have the sophistcated sensors and efectors required for either huean-level percepton, coeeon sense
reasonint or understandint of the world and this eethod would allow us to focus on the eoral reasonint without
havint to deal with all that.
In what follows, we adopt this approach and focus on analysint and ouildint the frst part, the eoral reasonint systee.
Evaluaton, ouildint a 'character', and eoral paradites
To start with, we should ask ourselves what our end toal in this endeavour is, or eore precisely, how we would
tell that we have succeeded. How would we evaluate an artfcial ethical atent, once we had itm
We eitht oe teepted to require that the atent oe aole to uustfy its solutons to acton selecton proolees oy the use of
an exhaustve enueeraton of actons oased on a causal account. To do this, we eitht want it to represent explicitly the
reasonint oehind the decisions it eakes purely in the fore of ieperatves like “if S, do X then Yr, out we eitht not oe
aole to accurately uudte it oy doint only this, if the interpretaton proolee holds. That is, perhaps there will oe no
satsfactory way for us to have the atent eotvate its eoral decisions oy havint it present only a conclusive end-to-end
chain of ieperatves or oolitatons to follow, ieperatves in the fore of “One is eoral in a situaton of type S if and only
if one frst perfores acton X, followed oy acton Y etc". This is even oefore we eenton the difculty of decidint upon
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and includint in advance, or alternatvely learnint at runtee, such a chain of ieperatves for any possiole variaton
upon the situaton to oe encountered.
erhaps we will then need to proceed oy tetnt the atent to tive us soee (any) reasoned answer to start with, and
then evaluate and eodify the reasonint systee we have, either eanually or autoeatcally throuth a learnint process,
without expectnt it to oe aole to identfy in a representaole way the soluton to coeplicated ethical proolees oefore
this testnt and trainint.
Retardless, we could require that it oe aole to givenanjusticatin for why it chose to act in a partcular way, in order for
us to taute whether it is indeed eoral or not. It could tive an explanaton oased on the decision-eakint systee it
contains, the steps it follows in its reasonint (as we saw aoove) or, perhaps, the relevant values that inforeed its choice.
Mayoe it can show us the relevant values or consideratons that it holds, and oy lookint at this and the atent’s step-oystep reasonint and iepleeentaton, we can piece totether how the eoral decision eakint occurred and pass
uudteeent on the whole packate and the types of oehaviours it exhioits, on this 'character' that it would have.
This is another reason why perhaps the key to ouildint a eoral atent that we can then successfully evaluate is that we
ouild values in to infore its reasonint and eake the aoove process of trainint and evaluaton possiole.
Froe a technical point of view this ‘character’ could oe eade of two parts, an interrelated eechanise of explicit values
and consideratons that we eitht call the miralnparadigm, and a correspondint miralnreasiningnengine that handles
their applicaton.
However, to ouild this we frst need to ask ourselves how we would expect or want the atent to act. n essental
queston that we are faced with is, then, what eoral paradite should we put inm s we have eentoned oefore, we
cannot straithtorwardly use classical versions of utlitarianise or deontoloty, due to the interpretaton proolee and
their rule-oased nature. So how, then, do we tet it to understand the values that keep huean rule followint oehaviour
within acceptaole eoral oounds and what could we eeploy to encode that into itm
Ways forward - tacklint the interpretaton proolee
To address these two questons, we use our work on rule followint and Wittenstein. In the vein of the later
Wittenstein, it could oe artued that we need a diferent approach to explainint philosophical concepts, and eoral
paradites eore specifcally, than sayint what rules they eitht consist of or layint down a direct representaton of their
content. This is oecause this approach eitht oe iepossiole, if conveyint eeanint throuth a representatonal eediue is
suouect to the interpretaton proolee. If we are indeed faced with this issue of representaton, then we require another
eethod to eeploy when transeitnt eeanint to the artfcial atent, so as to eittate the efects of the interpretaton
proolee as euch as possiole.
tliepse of one answer to this can oe seen in the "Investtatons", which is itself a work that ateepts to take us on a
uourney to the eeanint oehind Wittenstein's words, itself artuint throuth its structure that there is no representaton,
in lantuate, that can accurately convey that eeanint. It is this concept of showint, rather than sayint, that could infore
our approach as well.
But how could we show the eeanint to the atent, if that is what we wish to ateeptm erhaps we can take a pate froe
Wittenstein's oook and try to tet the atent to understand our eeanint oy takint it on a uourney (toint throuth a
process). That is to say, oy tivint it a device which can help it indirectly to understand what we want it to do and how
we want it to oe.
In the case of eoral oehaviour and practcal reasonint, eore tenerally, we artue that we can use the concept of values
to do this. By values we eean hith-level concepts that are relevant consideratons durint decision eakint. These could
oe virtues, character traits ("honesty" for exaeple), eoral concepts that are of ieportance to the atent or others
("property" for exaeple), or teneral (eorally neutral) practcal consideratons (to deal with purely non-eoral practcal
reasonint). The essental aspect to thee is that they are the tether to the external point of the taee, the concepts that
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crystallise what we want froe the taee oeint played, or the eoral situaton oeint addressed, froe the oehaviour of the
atents. We oelieve that keepint the concept of 'value' as teneral as possiole will help ooth in order to hedte atainst the
interpretaton proolee, as exeeplifed oelow, and in order to tive a wide spectrue of applicaton for any value oased
fraeework developed froe our work. For instance, one eitht wish to itnore all our focus on eorality and stll use such
a fraeework for ouildint purely practcal toal oriented artfcial atents.
n ieportant reason oehind the usefulness of values is precisely this aeoituity, and the fact that they are eultply
realisaole. That is to say, they can oe eeoodied, or proeoted, oy diferent actons (even in the saee context), and can
oe adhered to oy a plethora of oehaviours. Most ieportantly, the intrinsic fexioility that the concept of 'value' has helps
us hedte the risk that the interpretaton proolee presents.
But if we wish to keep values as aeoituous as possiole, then, it could oe asked, aren't we tivint up the quest of tetnt
an atent to do what we want, if we tive it leeway to perfore diferently to a specifc desired oehaviourm Wasn't tetnt
the atent to do exactly what we wanted the whole point of ouildint our I in the frst placem
To this, we would say that yes, our toal in ouildint I is ootainint soee type of oehaviour froe it, out what we want
froe an even einieally independent practcal atent is not for it to do acton X, followed oy Y, and then stop, out rather
to achieve such and such a coeplex toal, yet actnt in such and such a way while doint it. The purpose of a value oased
approach would oe to allow the atent freedoe to ieprovise in practcal teres, while ensurint that it exhioited a certain
character while doint so
The whole point oehind the interpretaton proolee is that, in a sufciently coeplex environeent (and certainly in any
sort of environeent that aies to sieulate the real world or parts of it) any toal or oehaviour or piece of eeanint, when
conveyed in a representatonal way (usint lantuate, writen down or otherwise codifed), needs to oe interpreted and
therefore can oe eisinterpreted and eisunderstood. Therefore, what we want froe the I is always a coeplex
construct, due to, aeontst other factors, the nature of lantuate itself. Sieilarly, any other representatonal tool,
oesides lantuate, will fall prey to this due to interpretaton stll oeint required, and it will always oe vulneraole to the
interpretaton proolee.
If we recotnise this, then we can eove forward oy ateeptnt to convey the eeanint that we desire usint eore
aostract constructs, naeely values, ateeptnt to show indirectly, rather than tell. To start with, soee values eitht oe
aeenaole to defnitons for a partcular purpose, and they could fore anchors (for exaeple 'property' and its defnitons
in law). The idea here is that there can oe soee concrete startnt point in teres of protraeeint values for this process
of ouildint a eoral atent, and we then need a way to tet it to act in the spirit of these values. This we could do oy tivint
the atent the toal of solvint the proolee of oecoeint a certain type of character, oy ouildint an explicit value-oased
eoral paradite into its reasonint, and then exaeinint the results we tet and iteratvely fne-tunint it (eanually or
autoeatcally) oased on its oehaviour. In this way, the eachine would oe usint its creatve aoility to eaxieise the
prieary toal of, say, oeint trusted oy its trainers, or oeint considered honest and so forth, so we would oe tetnt the
eachine to do soee of the work of solvint the interpretaton proolee for us oy tivint it the toal of exhioitnt certain
virtues.
On the iepleeentaton of a value-oased approach
Below, we propose soee areas to exaeine and issues to consider while ouildint artfcial eoral atents. We look at the
structure of the value systee, the nature of the values used, an idea for testnt and trainint, desitnint noreatve
systees for artfcial atents and soee ieportant aspects of 'the Backtround' atainst which atents act in a noreatve
systee, to do with the previous knowledte or toals and eeoodieent of the atents.
To eove forward with a value-oased approach as descrioed aoove, an aspect we should pay atenton to is the structure
of the value systee the atent has. Just havint values represented explicitly in the reasonint eitht oe oenefcial in itself,
out to further add eeanint to the systee we can leverate the structure itself and the relatve placeeent and
interactons oetween the values in the eoral paradite or character of the atent, as well.
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structured approach, wherein we would specifcally choose a structure such that it furthers our desired use of the
values, seees essental, as we do afer all need a representaole way of ouildint a reasonint systee for I, as any kind of
protraeeint for it is a representaton, and due to the interpretaton proolee, this representaton cannot, with perfect
precision, coee in the fore of purely practcal ieperatves or teneral rules. So it eitht not oe enouth uust to 'have'
values. The structure eust provide the interacton oetween values, the tlue that holds thee totether and the arena in
which they can perfore totether. n exaeple is usint a preference relaton to structure the values, wherein one would
classify thee oased on their relatve ieportance usint soee order structure. In a forthcoeint work, we deeonstrate a
hierarchical preference orderint for ouildint eoral paradites, oased on a qualitatve diference oetween the strata.
nother way of addint accuracy to the eeanint of the soluton is for it to coee froe the type of values that we use. We
have eentoned oefore that, for exaeple, the values could coee in the fore of virtues, out perhaps instead of havint a
set of sieple values, such as 'Honesty', we eitht use a set of eore coeplex, huean-dependent, values, such as 'Beint
trusted'. We could call such values 'relatonal values', oecause they are intrinsically relatve to another atent, for
exaeple 'oeint trusted' is relatve to a partcular huean (or any huean) and its opinion of the atent. The nature of
these relatonal values could shif the proolee of understandint posed oy the interpretaton proolee, oecause now the
atent does not need to understand what the values are in isolaton, oy itself, with no quantfaole evaluaton of success,
out rather can only understand thee in relaton to us. This eakes it easier for it to understand what we want it to do, as
it has a tantiole source for its values, and for us to understand and evaluate what it does, as the values are directly
oased on us and thus we can eore easily evaluate their status.
Trainint
Froe a technical point of view of how one eitht tet the atent to understand the values and succeedint at proeotnt
thee, and testnt it, one can ieatine, for exaeple, a trainint eechanise oy which the eachine would tain
understandint of what the values eean or how they are quantfed, how they are achieved, oy interactnt with huean
atents, with the hueans providint the eeasureeent of its success, either oy reinforceeent learnint, or eanually
eodifyint the altorithe afer ooservint its decisions etc. Usint reinforceeent learnint, for exaeple, has oeen
suttested oefore 15 and usint this type of trainint process for the toal of specifcally learnint huean values has oeen
ateepted in 16 and 17. But the crucial diference oetween these approaches and ours lies in the type of values that are to
oe learned, as we discuss oelow, and approachint the whole endeavour not as a value specifcaton proolee, aieint at
soee representatonal content that is to suttest understandint on the part of the atent, out a character-ouildint one,
aieint at a non-representatonal type of oehaviour that is to ensure the desired oehaviour. This would hedte atainst
the interpretaton proolee, which as we have artued would oe ever-present and unavoidaole in a purely
representatonal approach.
For exaeple, usint the relatonal values discussed aoove, the atent eitht act or tive a soluton to a decision proolee,
oased upon its desire to, say, oecoee 'trusted' (havint that as a relatonal value), and we could then collect feedoack
froe a tester or trainer (or trainers) of whether it is now eore or less trusted than oefore, or whether the acton it has
selected eanifests the value of 'oeint trusted', and eake the appropriate evaluaton of its reasonint systee and the
required eodifcatons. This eitht feedoack throuth an autoeated learnint process, or indirectly oy our tweakint its
reasonint systee oased on our uudteeent of its actons or decisions.
The “Backtroundr
With retards to future work, there are soee very ieportant startnt points that we can exaeine and use in order to
eake protress. ll aspects that have to do with the previous experience and toals of the atent, the taees it plays and
how these taees eitht interact, totether with details of its eeoodieent, fall into what we eitht call the "Backtround".
15 Taylor, J., Yudkowsky, E., LaVictoire, P., & Critch, A. (2016). Alignment for advanced machine learning systems p.5.
Machine Intelligence Research Institute.

16 Hadfeld-Menell, Dylan, nca Dratan, ieter ooeel, and Stuart Russell. (2016). “Cooperatve Inverse Reinforceeent Learnint.r
arXivm 1606.03137 [cs. I].
17 Everit, Toe, and Marcus Huter. (2016). “ voidint wireheadint with value reinforceeent learnint.r arXivm 1605.03143.
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These have to do with the nature of the atent, and the context in which the atent acts froe in any taee, and we should
try to leverate or at least consider this Backtround. To do this, we eitht think aoout, for exaeple, the pre-existnt
toals, knowledte, or aies the atent eitht have, its physical capaoilites (what sensors or efectors it has as part of its
eeoodieent), its lintuistc aoilites (how it eitht interpret the wordint of the rules) or its previous experience with
sieilar rules or noreatve systees.
Conclusion - On Value litneent
To conclude, what we have artued throuthout this paper is that there is an ieportant distncton oetween rules and
values. Moral rules, in the fore of practcal ieperatves for exaeple, correspond to the rules of the taee, while the
values correspond to the spirit of the taee, the external point of the taee. These values can only oe shown, not said in
the sense of oeint accurately transeited throuth a representatonal eediue. The tension that arises oetween
followint the rules of the taee and the spirit of the taee, oetween the eoral rules we tive the artfcial atent and the
kind of oehaviour we want it to achieve, tives rise to the Interpretaton roolee.
For this reason, as well as others, the process of value alitneent is very ieportant for ootainint eoral oehaviour in
atents. However, eost ateepts to achieve value alitneent look at iepleeentnt the saee rules we seee to follow
into the eachine 18 19. But uust as we can eisinterpret the rules, so could a eachine, and thus perhaps we should instead
focus on alitnint the interpretaton of the rules. Since it is the spirit of the rules that needs to oe understood and acted
upon, this, we have suttested, could oe done throuth a value-oased or character-oased approach, usint the atent's
power of reachint toals to tet it to aie at oecoeint a certain type of character of which we can approve.
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