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This robotic hand learned to solve a Rubik's
Cube on its own
By Pf§}tf§}r 1=l01lf§}Y!W@J6hinston Pest on 01,07,20
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Image 1. This robotic hand learned to solve a Rubik's Cube on its own - just like a human. Photo courtesy: OpenAIlThe Washington Post

Solvinga Rubik'~cube i~hard enough for most people,

Solvinga Rubik'~cube with one hand i~evenharder.

Hard~r !\itill:d~l\iigninga lone robot hand capableof ~olvinga Rubik'~cube all by it~~lf.Such a
maehtne would require unprecedented d~~rity and ecordlnated fing~rjoint mov~m~nt~,a!\iwell
a~th~ ability to learn a new task over time and ifid~p~nd~ntlyth~waya human would.

Thi~week,r~s~ill'ch~r~at Op~nAI= a well-knownSan FrMcillico~ba§~dresearch lab focu~~don
d~v~lopifigbenevolent artificial intelligence= anncunced that they'd done[ust that, I\i~ttifiga n~w
rcbotlcs b~nchmark in an era of ificr~a~inglysophtsticated, int~llig~ntmachines.

In a ~tat~m~nthailing th~ir achievement,r~s~arch~r~lJaidth~ robotic hsnd, which th~y'v~dubbed
"Dactyl,"movesrobots on~~t~pcloser to "human-leveld~xt~rity."
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"Solvin~ a Rubik'~ Cub@r@quir@~unprecedented d~xf~rity and th~ ability to execute f1awl@~~lyor
recover from mistak@~ successfully for a lon~ period of time," the statement sald, "Ev@nfor
humane, ~olvin~ a Rubik'~ cube one-handed i~ no simple task = there are
43,lZSlZ,003,lZ74,489,8S6,ooo way~ to scramble a Rubik'§ cube."

With thi~ result, the statement added, researchers move elo!ii@rto cr@atin~ "g@n@ralpurpose robot!ii
witha t@chniqu@that ~hould allow for robustly ~olving lIny ~imulatabl@ d@xf@rOU!ita~M."

The multicolored, 3=D puzzl@~have befuddled gam@=pllIyinghumans since the 1970~, but Rubik'~
Cub@~have more recently proved a u~@fultool for m@a~uring the capabiliti@~ of artificial
intelligence.

One reason, researchers !iiay:there are bmion~ of potential moves available to a Rubik'~ Cub@
pllIy~r, with the puzzl@'s ~ix ~id@$and nine sections, but only one goal: @achofth~ cube's ~ix sides
ditlplaying a ~oHd color. Finding a solution to a puzzle with that degree of compl@xity, and among
billion~ of potentialities, Involves a degree of abstract thinking that, researchers ~ay, b@~in~to
apprmdmat@ human r@a~onin~ and decielon-maldng.

For y@ar~now, researchers have b@@npro~ramming robot~ to ~olv@Rubik'~ Cub@~a~ quickly a~
posstble. But more r@c@ntly,they've begun prioritizing ~@lf=l~arnin~over ~p@@d.In July, the
Univ~rsity of California at Irvine announced that an artificial Intelligence ~yst@msolv@da Rubik'~
Cub@in just over a second, b@~tingthe current human world record by more than two ~@cond~,

The systern, known as D@@pCubM= a relnforcement-learnfng al~orithm pro~ramm@d by UCI
comput~r ~ci@nti~t~and mathemsnetane = solved the puzzle without prior knowled~e of the game
or coaching from its human handlers, according to th~ univ~r~ity.

Hi~hly skilled humane are able to tackle a Rubik'~ Cube in about 50 moves, but the AI ~y~t@mls
abl~ to ~olv~ the cube in about lZOmoves, u~ually in th~ minimum numb~r of ~t@p~pos~ibl@,
researchers sald.
Th@UCI al~orithm r@li@~on a neuml network = a set of al~orithm~ d@~i~n~dto find und@rlying
relation~hip~ by mimicking how the human brain processea information. Th~ algorithm also relied
on machtne l~arning techniques, a system that allowe AI to learn by Id@ntifying pattems and u~ing
inference with minimal human intervention.

To prepar@ Dactyl for Rubik'~ Cube success, Op@nAI'~researchers ~IlYthey didn't "@xpHcitly
program" the machine to solve the puzzle. Instead, th~ robot was trained mdn~ virtual slmulatlon»
befor@ it wal!lpresented with challenge« in the phYllliealworld that tested it~ Ilbility to learn.

The goal, re~~archer~ ~Ily,was to create a robot that learn~ the way humanl!l do = through trial and
error. Eventually, those robots could be used to complete ta~k~ = in a warehouse or p@rhap~ on
the aurfaee of a new planet = with more autonomy. B@for@it could solve the puzzle, Dactyl was
forced to learn how to hold and move the cube on it~ own. AJ Dactyl improved at each ~tage of
lelIrnifi~, it§ algorithm growin~ more ad~pt, the challenges ifit~n~ifi~d,

"For example," r@{ljearch~rssaid, "w@put a rubber glove-on the hand, we ti@dsome ofitlll fin~@r~
together, w@u~@da blanket to occlude and perturb th@hand, and we poked th@Rubik'~ cube with
diff@r@ntobj@ctl!lall while it continued to try to solve th~ Rubik'~ cube," the researchers sald.

The ~Yllltemhad never seen Ilnything Illimilar to the~e Illituation~ durin~ training, r@l!learchen added.
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Op~nAIpo~t~d~vtdee on YouTub~~howingD~ctyl~t
v~riouspoint~ in the robot's tf~ining arc. The video
captures th~ machine l~arning from scr~tch ~~it
~wkw~fdlyfumbles with ~Rubik's cube and later
h~nd1ingth~ puzzl~with much more control and
pr~ci~ion.
Th~videe's narrator s~ysD~ctyl'sacccmpllshment
could also ch~ng~how researchera viewtr~ining gtm~rwpurpose rebots. Instead of thinking about
cr~~tingcompl~xalgorlthme for diff~r~ntenvironments, th~ narrator ~aY~Jrobotlclsts can Instead
focus on d~signingcomplexscensnoe in which the machines can Ieam.
"At . t." th t dd "th 't Id b d t th' · t' h t b t__ some pom J ~ narra or a s, ~n 1 wou_ ~mor~ own _0 __~ lmagm~ IOnw IL 1'0 o·~
could actually accomplish,"

"Th~hope i~to build robots that c~ndo many diff~r~ntt~~~ to incr~as~th~ ~t~nd~rdof living~nd
gtve everybodya b~tt~f lif~,"th~ narr~tor ~dd~.



1 Whi§h ef the fellewifl~ §@flt@fI§@§freffl the arnele ~~~j d@v@lep§@§@fltf§1 id@@ef the §fti§I@1

(A) n~wmfef hYffI@fl§, §elvifl9 ?JRYDik'§ eYD@ofl@=h@flO§Oi§ fie §ifflfjl@ t@§k= th@f@~f@
4~,~~~,OO~I~74A~tU~~§,OOOw~y§ te §§fiilfflDI@ iiI RYDik'§ OblD@,"

(~) With thi§ f@§bllt,tn@ §tiilt@ff1@flt?Jdd@d,f@§@Elren@f§meve eleser te §f@Eltifl9 "9@fl@fElIpYfpe§§ feDot§ with
€I m§hfli~Y@ th€lt §heyld €Il1ewfef febY§tly §elviflS €If1Y§ifflyl§l§bl@ d@lft@reY§m§K§,"

(C) Ofl@ ffiEl§§fI, f@§@e!f§h@f§§e!}1;th@f@e!f@billiefl§ ef fjet@fltial ff1ev@§Elvail~DI@to €I Rybik'§ eyb@ fjle!Y@f,
with th§ I1blul@'§ §ix §id§§ iilfld nifl§ §@§tiefl§, byt eflly ene ge~l; @El§M§f the §blD@'§§ix §id§§ di§plElyiflfJ ~
§elid §elef,

([:}) jM§ \,lei al9§fithffl f@li@§§fI iil fI@YfElIfI@twefK = EI§§t §f el!:)§fithffl§ dfl§ifjflfld to fifld blfld@flyifl9
f@l§tiefl§hip§ by ff1iffli§kiflS Mew tM@hblfflElfl Imlifl pfe§§§§§§ iflfefffl§tiefl,

Op§flAI'§ [:}e§tyl §elv@d th@ Rblbik'§ Cbll,)@by l@iilffliflS te thlflk the WiilY iil hblffl§fl weblld,

Whi§h twe d@t§iI§ ~§~j §YPl1eft the §§fltf§1 id@iiIiilbev@'?

1, ln Ju/~ th€JUfllv€Jr~ity of C@lifoffll@ @tIrvlfl€J @flfloufle@d th@t @fI @rtlflei@llflt@IIi(;J€Jfle@sy~t€Jm
~olv€Jd @ Rublk'~ Cub€J tn ju~t over @ ~€J()ofld, b€J~tiflg th€J()urr€Jflt hum@fI world rmJord by
maffi th€lfl two s€J()afld~,

2, Highly sklll€Jd numsn» €lffi €lbl€Jto tm:kI€J €lRu/:Jlk'~ Cub@ tn €lbout ~() mov@s, but th€JAI
~y~t€Jm i~@bl@to ~olv€J th@au/:J@In €l/:Jout 2() move« u~u€llly in th@minimum flum/:J@f of st€Jp~
po~~//:JI€J1r@~IfJ€lr()hlfJr~~€lld,

~, BlfJfoffi It ()ould solv@ th@PUlll@, {)m;tyl wss faro@d to I@€lffl how to hold @nd mov@ th@ ()u/:J@
on Its OWfl. As D€l()tyflmprov@d €lt 1fJ€l()hst€lf}1fJof 1@€Iff1iflf),its €Ifgofithm growiflg maffi €Id@pt,
th@()h€lll@nf)@~Int@fI~ifilfJd,

4, rh@ vid@o ()€lptUf€J~thlfJm@()hin@/1fJ€lffliflg from ~()f@t()h €l~ it @WkW€lfd/y fum/:JflfJ~with €l
Ru/:Jik'~ CulJlfJ {ima /@t@fh@fldliflg th@pUlZ/@ with mUf:h maffi ()afltrol @fld pffif:/~iaf/,

(A) 1 iilfld ~

(~) 1 ~fld ~

(e) ~!;md4

([:}) ~ efld 4

~ Why did th§ iilYihef §efl§lyd§ the §rti§l§ by qY@tifl~ the fliilff€lter frt)ff1 th§ [:}EI§tylYeyjyl,)§ vid@t)'?

(A) It'} hiShliShl §Offl@ef Ul@wiilY§ Ihi3t bh:l!~tyl§t'}yld §hiilfl9@ fobt'}ti§§ Md fobeti§§ f@§@lllf§h

(~, te §@ff1efl§tfiiltill hew OI1§flAI'§ [:}~§tyl i§ difflllflllflt freffllJOI'§ 1'J@@~eyb@A

(e) te hifJl'lli~ht §efl'l!ll ef the §hell@fI~!ll§ tl'liilt l'Je§tyl ff1iSht IllMeblfltlllf if! thlll fytYflll

([:}) te d§ff1Qf1§tn'ltlll hew pe~YI~f l'Jiiletyl'§ §§eefflpli§hffllllflt b@§iilffllll §f! thlll iflmffl@t

Whi§h §f thlll f§lI§wiflS §iiili!llffl@flilii ~§~j f@~f@§§fltl;jOp@flAI'§ iilp~f§ijJ§h tewiilfd tf§iflifl~ [:}ilI§tyl'?

(A) O~!llflAI w~lflt@d [:}§§tyl te reeus en §§I§yliiltien§ th~t id§ntify l1§tt§ffl§ ilIfld Y§@ff1iflifflElI hYffI§f1
iflmfV@fltiefl,

(~) OI1!llflAI wElnt@d [)§§tyl t§ §@If=I@!!lfflby fjivifl9 the mbet §IllV@fill!difffiffiflt §hElII@flfjifl9 §§@nElfie§ t§
§Vlllf§effl!ll,

(0) O~@flAI w~lfItllld [)1iI§tyl te b@iiI f§bei thillt ean §§Iv@ ilII'lYbik'§ eyb@ f§§t@f thEifl ill hblffl§fl §eyld,

([:}) Op@flAI w§fltllld [:}Mtyl te neve El9ih~fifl~@r ff10Vlllfl'llllflt efld f@ly §fI f@iflfere@ff1!llflt=I@Elrnifl~ElIgefithffl§,


