
Review of Commonsense ReasoningMay 14, 2009Amit Kumar Sahahttp://amitsaha.in.googlepages.omAbstratThe aim of this paper is to review Commonsense Reasoning. This work is an e�ort to sum-marize the e�orts of Arti�ial Intelligene researhers to devise solutions to the problem of givingommonsense to omputers and programs.Sope of this workThe present work is a passive review. This implies that no ritial examination of the approaheshas been inluded. The proposals and suggestions to the problem are summarized as originally pro-posed.
1 1This is the Version 1.0 of the report, whih was prepared during my researh internship in 2007-08 at IndianStatistial Institute, Kolkata (http://www.isial.a.in) under Prof. Kumar Sankar Ray. I am publishing this reportfor publi use on 14th May, 2009 in the hope that it will be useful to anyone unaware of this �eld of Arti�ialIntelligene.If you want to use (or even enhane) this report (exept for personal use) in any form, please ontat amit-saha.in�gmail.om and I shall be happy to help you through it. Please note that the information in this report isupdated till April, 2008. Further developments in the �eld have not been re�eted.In ase you �nd any fatual errors, please let me know.
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Contents1 Introdution 21.1 What is Commonsense Reasoning? . . . . . . . . . . . . . . . . . . . . . . . . . . . . 21.2 Why give omputers Commonsense? . . . . . . . . . . . . . . . . . . . . . . . . . . . 31.3 How di�ult is the problem at hand? . . . . . . . . . . . . . . . . . . . . . . . . . . . 31.4 Building bloks of Commonsense Reasoning . . . . . . . . . . . . . . . . . . . . . . . 41.5 Formalizing Commonsense Reasoning . . . . . . . . . . . . . . . . . . . . . . . . . . 52 E�orts to implement Commonsense Reasoning 52.1 MCarthy's e�orts to formalize Commonsense Reasoning . . . . . . . . . . . . . . . . 62.2 Fuzzy Logi . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 62.3 Event Calulus . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 62.4 Multi-agent Cognitive Arhiteture . . . . . . . . . . . . . . . . . . . . . . . . . . . . 63 Appliations with Commonsense 74 Conlusion 85 Further Work 81 IntrodutionArti�ial Intelligene researhers all over the world has long herished the dream of developingsystems with `ommonsense' � the millions of basi fats and understandings possessed by mostpeople and often oblivious to themselves. If systems are to be given `ommonsense' they need tobe equipped with the adequate amount of `ommonsense knowledge' and `ommonsense reasoning'� the power to reason with that knowledge. Thus, we see that the problem of giving `ommonsense'to systems is atually giving them both `ommonsense knowledge' and `ommonsense reasoning'. Itis also easy to observe that `ommonsense reasoning' is only possible if the systems possess adequateamount of `ommonsense knowledge'.In this paper a broad treatment is given to the problem of `ommonsense reasoning' and theissues related to the amassment of `ommonsense knowledge' is dealt to a very limited extent. Also,we shall onentrate on the theoretial aspets of the subjet. In the subsequent subsetions andsetions we shall aquaint ourselves with the problem at hand, the solutions proposed so far andthen �nally review some appliations whih show ommonsense.1.1 What is Commonsense Reasoning?MCarthy [1℄ proposes that `a program has ommonsense if it automatially draws for itself asu�iently wide lass of immediate onsequenes of anything it is told and what it already knows.'It is also observed that [2℄, `ommonsense inferening involves many types of reasoning, inludinganalogial, statistial, logial and heuristi methods'. The real world is a onstant soure of partial,inomplete, ambiguous, impliit information and humans are onstantly being subjeted to new,often unknown and unexpeted hallenges � soial, personal and environmental � and they manageto survive using their world knowledge � a large part of whih we all `ommonsense'. The humanmind is the role-model in the pursuit to give `ommonsense' to omputing systems.2



1.2 Why give omputers Commonsense?Modern omputers, though adept at various speialized tasks show an unomfortably low level ofignorane towards `basi' fats � whih seems to be `hard oded' and `present from birth' in humanbeings. This has led most sienti� observers to suspet that they ould never have genuine minds[3℄. [4℄ points out that to make omputers easier to use we must give them a better ommonsenseunderstanding of the people and the world we live in. MCarthy [1℄tries to put forward his visionin this statement `Our ultimate objetive is to make programs that learn from their experienes ase�etively as humans do'.Why do modern mahines behave in suh a limited way? Minsky [4℄ identi�es that most programstoday has only way of dealing with things. When faed with a new situation for whih they havenot been programmed for, they fail � ausing large sale damage � eonomi, physial or otherwise.This is basially been due to the limited ways we have been programming them:A. We program them only for speialized jobs without giving them any more `general knowledge'[5℄B. The programs speify �what� the omputer should do without telling it whih �goals� toahieve. The omputer has no idea whether the intended goal was ahieved at all, or towhat extent was it ahieved. [3℄MCarthy [1℄ also identi�es the di�erent ways humans and mahines are instruted. Whereashumans are mainly instruted in delarative sentenes desribing the situations in whih ation isrequired, a mahine is instruted mainly in the form of a sequene of imperative sentenes.Giving omputers `ommonsense' would mean giving them the power to think and reason in situ-ations for whih they have not been programmed for, omputers with `ommonsense' will understandour needs better and make it more pleasant for us to work with them.1.3 How di�ult is the problem at hand?Traditionally, `Commonsense Reasoning' has been one of the oldest and most di�ult problems inArti�ial Intelligene. Before we set on to assess the di�ulties to design a `Commonsense ComputingSystem', let us �rst try to analyze the features desired in suh a system. MCarthy [1℄ points outsome desired features of whih a entral point is �Interesting hanges in behavior must be expressiblein a simple way.� This is the problem of knowledge presentation � to onvey something to the system,we need to �rst �nd a way to represent it. Suh was the importane of this problem that this wasthe sole issue addresses in MCarthy's Advie Taker [1℄.Various researhers at di�erent points of time has pointed out several di�ulties that were faedor ould possibly be faed in designing suh a system :A. MCarthy's Commonsense Informati Situation [6℄3



B. Commonsense knowledge is often impliit, whereas knowledge needed to solve well-formulateddi�ult problems is often expliit. Any ommonsense problem that one looks at touhes onmany di�erent types of knowledge enompassing aspets of ommonsense reasoning. Impliitknowledge must �rst must be made expliit, whih is a task requiring a serious knowledgeengineering e�ort. [6, 7℄C. Minsky [4℄ infers that �the trouble with ompuer today is they're always starting from srath.To make them more worth dealing with, we'll have to aim toward supplying them with greatlibraries of ommonsense knowledge like the ones inside our hildren's heads�D. Domain knowledge [6℄[7℄ summarizes two strategies that has been adopted for takling these very hard problems:A. One group of researhers have methodially and painstakingly worked on �foundation problemsand have ome up with su�iently powerful and expressive alternatives to or extensions oflassial logis�.B. Attempts to enode vast amount of fats to form a huge ommonsense knowledgebase.
1.4 Building bloks of Commonsense ReasoningMinsky [4℄ identi�es the basi onstituents of `Commonsense Reasoning' as:A. �Huge olletion of hard earned ideas� � whih form the ommonsense knowledgebase.B. E�etive ways to retrieve and apply the relevant knowledge when faed with a situation �usingmultitude of exeptions as rules�. This enompasses the requirement of resoures suh as:Choosing an appropriate representation for a situation and often multiple representationsfor the same situationNegative ExpertiseKnowledge retrievalSelf-re�etionComing bak to (A) above, Minsky [3℄ rejets the idea of `searhing the web' to extrat knowledgebeause it does not `expliitly display the knowledge one needs for understanding what all those textsmean'. He also ontends the need for a new learning method as all the previous learning methodshave `tapered o�' due to the following major problems:i. Optimization paradoxii. Investment priniple 4



iii. Parallel proessing paradoxHowever with the web as a medium, researhers have embarked on projets to ask the publifor help. The `Cy' projet [8℄ and `OpenMind Commonsense' [9℄are two suh prominent projetswhih have made steady progress towards building a large sale ommonsense knowledgebase.As far as the knowledge representation is onerned, a ommon onsensus among the researhers[6℄ is that �Human versatility must emerge from a large sale arhiteture of diversity in whih eahof several di�erent reasoning mehanisms and representations an help overome the de�ieny ofthe other ones�.1.5 Formalizing Commonsense ReasoningAs [6℄ observes, there has been a relative pauity of results in the �eld of ommonsense reasoning.However this in no way re�ets the onsiderable e�ort towards the ause whih was started byMCarthy almost half a entury ago!Formalizing ommonsense reasoning presents a variety of hallenges[7, 10℄A. To develop a formal language that is su�iently powerful and expressive.B. Capture the many millions of fats people know and reason with.C. Corretly enode this information as sentenes in a logiD. Construt a system that will use its knowledge e�ientlyE. Invent a formalism that will onveniently express people's ommonsense knowledge aboutonurrent events.
2 E�orts to implement Commonsense ReasoningMCarthy [1℄ made the �rst attempt to implement ommonsense reasoning in 1959. Sine then,Arti�ial Intelligene researhers have been trying to invent ways of automating ommonsense rea-soning. Extensions to existing theories and novel ideas have been proposed and implemented. Oneommunity of researhers have tried to use mathematial logi and its extensions, while the otherommunity whih believes that the human mind is too omplex to represent using mathematiallogi has devised non logial methods to automate ommonsense reasoning. The most prominentmethods of both domains are summarized in the next subsetions.5



2.1 MCarthy's e�orts to formalize Commonsense ReasoningIn the earliest attempt to implement a program with ommonsense [1℄ , MCarthy proposes to use a�suitable formal language (most likely a part of prediate alulus)� for the purpose of his programAdvie Taker [1℄. In the 1960s he alongwith Patrik J. Hayes introdued `Situation Calulus' [11℄ �a logi formalism for ommonsense reasoning. Sometime later he identi�ed �Cirumsription� [12℄as a tool to implement ommonsense reasoning. He reasoned that sine ommonsense reasoningis non-monotoni, irumsription is an e�etive tool for the purpose. Later on, he also proposedextensions to irumsription [13℄ so as to be appliable to the formal expression of ommonsensefats. In a position paper [14℄ he reviews all his e�orts to formalize ommonsense reasoning.2.2 Fuzzy LogiZadeh [15℄ observed that �The onventional knowledge representation tehniques based on the useof prediate alulus and related methods are not well suited for the representation of ommonsenseknowledge beause the prediates in propositions whih represent ommonsense knowledge, do notin general have risp denotations� and hene proposed �A theory of ommonsense knowledge� [15℄based on Fuzzy Logi [16℄.He introdued the onept of dispositions . A disposition is a proposition whih is preponderantlybut neessarily always true. It an be viewed as a proposition with suppressed, or more generallyimpliit fuzzy quanti�ers. To deal with dispositions, two prinipal omponents � test-sore semantis[17℄ and Syllogisti reasoning [zadeh4℄ are employed. Test-sore semantis is used for the knowledgerepresentation of ommonsense knowledge and Syllogisti reasoning is employed to enable reasoningwith the information resident in the knowledgebase.Kouzeni,Sammat [18℄ disusses a Fuzzy Neural Network based implementation of Commonsensereasoning, inspired by Zadeh.Nguyen, Kreinovih [19℄ suggests possible modi�ations of lassial fuzzy logi to failitate om-monsense reasoning. They also suggest a future formalism for desribing human reasoning based onthe synthesis of Fuzzy Logi, Linear logi and Logi Programming.2.3 Event CalulusThe Event Calulus is a logial mehanism that infers what is true when given when and whatations do. A event alulus based logial formalism for ommonsense reasoning is proposed in [20℄and a broader treatment of the subjet is given in [21℄. Several problems that perform automatedommonsense reasoning have been onstruted. These programs rely on various solvers and provers,namely logi programming languages, SAT solver and �rst order automated theorem provers.2.4 Multi-agent Cognitive ArhitetureCommonsense omputing researhers at the MIT Media Lab are working on a large sale multi-agent, multi-layered system for omputing ommonsense- The Emotion Mahine [3℄. Based heavilyon the The Soiety of Mind [22℄, the entral idea behind the arhiteture is that the soure of humanresourefulness and robustness is the diversity of our ognitive proessThe major features of the arhiteture being developed are summarized below :A. Agents: �Every mind is really a soiety of mind� [22℄. The term agent is used to refer tothe simplest individuals that populate suh soieties of mind. Eah agent is on the sale of a6



typial omponent of a omputer program like a simple subroutine or data struture and aswith the omponents of the omputer programs, agents an be onneted and omposed intolarger systems alled soieties of agents . Agents perform the kinds of funtions spei�allyinvolved in mental ativities suh as expeting, prediting, reviewing, remembering, debugging,ating, omparing, and generalizing.B. Many ways-to-think: Ordinary Commonsense Reasoning involves a tremendous array ofmore speialized ways-to-think. The arhiteture under onsideration is not a single kind of`mahine', based on a single type of algorithm or methods of reasoning. Speial self-re�etiveagents alled ritis and seletors are responsible for hoosing more than one way-to-think.At any point of time, only a subset of the agents is ative and produes a spei� way-to-think.A new olletion of agents `reate' a new way-to-think. This idea originally evolved from thek-lines onept of Minsky's Soiety of Mind theory.C. Multiple Realms of thinking: Day-to-day ommonsense tasks involve reasoning in a largenumber of domains or realms. A set of minimalist realms of thinking � spatial, physial, bodily,psyhology, soial, re�etive, dominion - are onsidered for implementation in the arhitetureunder onsideration [2℄.D. Panalogies : When the urrent way of thinking beomes ine�etive or fails, the arhiteturetries to swith to another, more e�etive ways of thinking by making use of panalogies (derivedfrom Parallel Analogies).Suh a mehanism allows agents that represent similar information tosynhronize automatially what they know. Thus, when the arhiteture selets a new way-to-think, instead of having to start from srath, it will �nd many of its agents already preparedfor the situation. Some methods of panalogy used are Event Panalogy, Model panalogy, theorypanalogy, Realm panalogy [2, 4℄A. Multiple layers of re�etion: The arhiteture has the ability to re�et and thinkabout its own abilities, and improve them over time. This makes it a highly self-awaresystem. The re�etive apabilities of the system are implemented as six di�erent layersor levels [2℄B. Varieties of Mental ritis: Reative ritis, Deliberate ritis, Re�etive ritis, self-re�etive ritis are the di�erent types of mental ritis � speial agents whose task is tonotie problems in other agents � used in the arhiteture [2℄.C. Learning and Endowment of Knowledge: The primary mehanism of learning in thearhiteture are the formulation of new ritis and seletors and the evolution of k-linesinto new ways to think [2℄3 Appliations with CommonsenseImagine today's all powerful and all onquering appliations, omputing devies, mobile phonesequipped with ommonsense � ell phones whih do not disturb us during a meeting �automagially�even if we forget to turn it into `silent' mode, searh engines whih an look beyond and betweenthe searh query to retrieve results for us whih we did not mention expliitly, omputers whihunderstands when it users are tired. Appliations with ommonsense enable an entirely new breedof appliations, ones that are atually smart in the sense of understanding the user's situation andgoals somewhat like a real person would. 7



Commonsense allows software agents to be more pro-ative by letting them infer the likely goalsof the user and ways to help the user ahieve those goals. A plethora of really smart appliationswhih would have been dismissed as �gments of imaginations not long ago are soon beoming areality as the reent e�orts have shown.Liebermann et. al. [23℄ summarizes some of the e�orts at the MIT Media Lab in designingappliations with ommonsense.Some other appliations having ommonsense are demonstrated elsewhere in [24, 25℄4 ConlusionThis paper introdues Commonsense Reasoning to researhers who are new to this �eld. Thoughby no means a omplete aount of the problem, this review shall give a �rst hand knowledge of theproblem to interested people so that they an work further on this subjet.5 Further WorkConsidering this as a starting point, future work in this �eld would be to a more detailed, ritialreview of works that have been identi�ed during the ourse of this review, the issues of aquiringommonsense knowledge, pratial ommonsense reasoning tools and a plethora of new and exitingprospets. The possibilities are endless!
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