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Computing Paradigms 
Classical Computin,g 

Tlie field ,of co ,mp,m:ifng is fo1Jlffld.1.¾II llllpon ili.,e a'bsm:aicrion of m�fu and 
physics. 

Tlie :fathe[ of co1mpu1trung A�an Turing oleveloped .a mathemaitical 
m,odel fo:r· mday,s .mode;m com,,u-1wers. Drrus model i,s b,o"Wll ,ais the 
Tlurii111.g· Machine .. Th.is mod.e:� m,ro,vi.des .a mathematic�. w.ay ,of 
.:II · •. "' 

"f' 'l'..l 1 'bl 'I'.. t11eteilrm·�mng 1. p.r ,o,llJ, ems are so va ._· ,e ,�,y a ,co1mp-w1wer.. 

C.Omi]J
!Umra .auire deterDlllliistilic .. Meaning,, ifuat the ouroome ,of a 

compu-1t
atiorm is dew.rm·in.ed ,exclusivei.y 'by the m,revi,ous Sitep.s. 

This mod.el for compuuaition :rus d�fm,e;d as cla,ssiical ,com[P•Utiiing. Due� 
:11ts :�imru1tari,o.ns cierta:in compu1btmonal pro'bl,ems CUl:l'.'1ently exm,st. 

Qi1 11an.1 tum1 .•.• .. · c• ... o· .. m··.·p· ·U .. tm�-.- g .. -
·u .. , . . . . .. , .I " • •• •• • -• • ... • - •- - • • I 

A yo,urng su'b-diS1Cip,lru.me of compuit�ng bo\\00 ,ais '°a:mhl:DI 
CflmlP.'lll.tiing hais be.come incr,easmgmy popul�r, as it .aims to, so:�v,e ifu.e 
piro;bl,ems of C�ass:rucal Co1mpuitrution. 

L:ruke c:mass:�c.al computing, quan1mm. computing is mod,el,ed us:ing mat!h 
and physics. Wfil!th :�its own. mod.e�s ,ais wel�.,. the Qu,a1m1tum 'Tll!l:rin:g 
Maiehirme ,aund the Qu,antum Cirr<:illlit MtDdel. 

.A 1Quam1tmn co1mp11.l)teilr 01per.;a!iwes ,on thme major postw]ates, tihey a:re as 
fo,l�ows: 
S-uprr[PO:Sitilion: Th,e id.ea that a quauEJU1mn. sbw exists in ,a combination 
o,f the 'base stmte.s. 
Emta:l!l(gll:em.ent: .A sbw in whrfil.ch. two quan1mm states are in1tr'ms:�.cal�.y 
lmkoo� 
MeasF111r,emeut: The ac:t ,of p.r.,eforming .ain ,ohseilrvarion ,on .a quam1tmn 
state. 

. .By us:run,g ifue.se principl,es one can. solve mauny· probl�ms cur.rent�.y 
\ imposs:rni.:�.e ,o,r :�nfeais:�b�.e 'by ,a c:�,aissi.cal ciompumr. 

Mathematical and s.ci.enti.fi.c Foundation 
Classical Computing 

• Operatrnorn!S base,d on Bool!eamrm ,a lgelbir.a. 
• I mp l,ernernrtE d via pri ncrnph�s of ell!ectricirty. 

• Base ru1nit is tlli'nre binary ,d�g1 1t or biit eirth,er a O OIi' 1,. 

Calim be vu:ewedl as e11ther lrn,eadls or tails .. 

• Bits mrm tm,re state ,o,f .a comprurtf!r: Wll11e1rre the· st:atf! 

remll's tu tllrme· ITTITT1fo1rrmati,o:rn11 it sto,r-es, .at a givelim t�me·. 

cmassmcal st:atES sto:re iinformatio1rm1 eq1uiv.al€!,nt to• tll1,e 

1111ru1mlber ,o.f b1rt::S til11at compiris�· th,e state. n biits 

plfio•viid,� n bits of ITTnformati,a:rn11. 

Hi.gh Compu.tatio,m,al C,ompl,exity·: ,c,e:rtain 
p1rf,1b,lems. h.av·,e ·man.y· jpossible: solutions.,. 
o,fiem th.ere: .ar,e S10 m.a:ny· tha:t .a c,om.pute.:r 
without ,an ,effic-ie1nt way to s,olv,e s.u .c-h a 
JP1r,01b,lem,, ,canm.,ot ,co,mpute all ,op,ti.ons in .a 
r,eas1onabLe time .. 

:lDD 
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Fig. l Common CO'.l:l'lp]exiity funetiions. 
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Quantum Computing 
■ ·Oper-atffiorn!S on 11�111,eall' ,algelb1r.a. 
■ I rnpl emellil1t:e d via pri ncrnph�s of q uai1rnutu1m 1plfi11ysics. 

■ Base u1nit is a ,quarn1tiu1m 1bit: ,or qubit ll'!xITTts as a 

,oombii1rm,atffion of eirther a ,a 011"· 1 .. Can lbe vi,ew,ed as .a 

rollilimg ,coffim11. Witm,r so1me p 11110,bability of h,ea,ds o,r tails 

.at a g11wn mom,e.nt ,. 

■ ·Qub1rts form a q1u,antu1m stat:e a1�1dl st:011re inforrnatrno 11iii 

•�quirwlllellilrt ta 2 n, cl!assi,cal [bits. 

Ran,d.o,m N11mhe:r G,enerntion: Clas.si,cal 
c-o•mpu,te:rs cannot. pro d.uoe geOOJuinely nm,do,m 

b h- ·• aa· -11� ·h· 
·• 

1· :nwn . ,e:rs; t ,ey 1nste,. · ··••· tW!i._•e a ,c .am.gi'ng va ue 
su:c·h as the: ,date: and scnum.'ble: :it. Ho,wever, 
given th,e sam.e: input, ili,e sieemingly ra:nt(1Jo,m 
outjp,u,t will be i!denti,ca1. 

Reversib,ility:· ·Classical ,co1mjp1u.tati,on ,o:ften crurno,t 
b,e :r,ev,ers,ed, m,eaning one c.am1,ot retr.ie,v,e th.e, inputs 
f:t1om ili,e ouq:i,uts. 

q 

fig. 2 Non-ltevers[ble Cir.c.11Jit (AND G.site) 

Conclusion 
Th,e go.al of quantum co,mpu:ting is no,t to, up,en,d , th.e way 
the W•O:rld uses c,omput,ers. First, the materirals M.d ,d:evic-es 
need,ed to, ,cre;at,e a quantum co,mpute:r .ar,e r .ar,e aJJJd. 
ino,rdinate:ly •eXJPensive. Seco,n,d. th,e tas.b. most JP,e,opLe do 
on their ,comp,uters w,ould. r,ec,ei.v,e no 1b,enefit fro,m. .a 
qu,antum C0omp·uter. No,t mentio,n that these: ,devic,es. ,ar,e 
v,eiy inac,ces.sibl,e. On,e way one c.an. u,s,e a qu,an.tum 
C Ompu ........... 1•· £! vi·•""' IB· M. ,s Q· 1•· £!.k· 1•·1· b. ·u·t ·th·· 1:• £! r""qu1·•re"" pn·• or _.J··_·,· ,:_· __ · �-1 jji · .... .. ii, ' :. ::-.-: ·_ ·.- •Ji3 . ',' _:_ ·_· 11 �'I�<.'.-·.· �:i), :_:.I,,.· ·1_ 

knowLedg,e of both th,e quantum M!d, classic.al ,co,mputing 
par.adigms .. 

Quantnm. c,omput,ers are still ,co,mp,uters .. and. trhus fo,llow 
w·hat is, kno,WJl as th,e Chnr.,ch-T11ring th,esis., which 
defines what is. th,eo:reti ,c.ally co1mpu.tabLe. Simjp1ly put this 
means th.at ,a qu,antum c-0 mjp1ute:r an,d, c-lassical c,omputer 
c.an ,do the same, things,. only o,ne ·may ,d .o so fas.te:r. 

Given. c-un,ent :r,ese.ar,c:h there is s.till no, guanm.te,e that 
qu,antllm c,omputen; ,ar,e fas.ter. In 2,019 G,o,ogle ,claim.e,d. 
Q11antu:m Snpremac:y, but this claim was c,onside:r,e,d. 
ov,erblo·wn b,y ex.perts an,d, c,ompetito,rs. 

·What c,an b,e said. :h,ow,ever,. is. that ,quantum ,co,mjp1utin.g 
s,olv,es m.any :is.su,es ,cu:rren.tly faced by th.e ,co1 mll)U,ting 
c,ommunity t,o,day. As ,comp,u.ten;, ar,e n,o Longer g,etting 
eXJP1on,enti,ally ·fast,e:r a n,ew appro.ach must 1be taken .. 
Curr,e:ntly this ap,pro.ac-h. :has manifested, itsielf in. th.e fo,rm 
o,f qu,antu:m. c,o:mputing Md is .a pr,omising field,. 

References, & Ackn.ow]edgem.ents 
[1] Qr11a1itum Computing.: A. Gentle Introduction. (20! l). 
MlT Pl!1lss. 
[2] Sipser, ·M. {2013). lnirotiht.Gl.ian to t}re theory of 
.computation. Am:tralia: Comse, T�cmiology Cengag® 
Leaming� 
[3] Qiskit (O.'.M.l). (201]). [Quantum Compu�ing.APJ]. 
WMB. htws:J!wskit,owJ 
.Di!'. A8a.i Asalilhambi,, Prn,fessor and Graduate Drrm:tor, 
School ofComputi1:1g, University ofNorth. Flor.ida 

Compu,tatio,nral. C,omjp1Lexity:· Du,e, to, the, principle, ,of 
s.urp,e:rposi.tio,:n, ,a qu.bit store:s :mo,:re infonnatio,n than 
a classi,ca11b,it. T.his ,can b,e usie,d, to :pe:r.fo, .rm m,or,e 
caLculations. simultaneo,usly ·w:hen co,mp.ar,ed to, .a 
stan.dard comjp,u.te:r. An e:x.amjp1Le c:i,f this s.pe:e1d,-u.p is 
Gr,ove:r�s .. algo,rithm. for se:ar,chin:g .a databas,e. 
No,rmally wh.en s,e.arc:hing ,a database :fo,r a 
p1arti.cular entry o,n,e wo,u1d n.e,e,d. ·to s,earc-h . .  at m,os.t 
all :n ,entri,es .. , This is w:hat a clas.si,cal c1om.pu·te:r ,d.oes,. 
m.d this siearc-h. is :know:n as lin,ear ·time se;arch. as 

J.00. - 1111] •• n. 

- r1"1 _., 

Random Numlb,e,r GeneT,ation: Ano;the:r asp,e,ct of 
,quanmm. physi,cs that ,can be: u.t.ili21ed, for 
,co,mp,utati,on is. the truly rando,m. nature ,of partic,le:s. 
]t is th,es,e JPiart.i,cLes that fo1nn ili,e b1asis ·fo,r quantum. 
physics an.d there:fo1re ,q_uantum ,co,mp,utin:g. Using 
these: rim.do,m p.an.ic-1:es, nm.do,m ,co,mjp,utation ca:n be: 

Reversibility: Anothe:r 
ftm,damental .asp,ec-t o,f 
quan.tum. ,c;o,mputing is that all 
its o,per.ators allow for 
rev,e:rsi.bl:e c,omputatio,n .. 
Meaning the inputs ,can be 

the: time tak,en gro,ws. dire,ctly propo,rtio,nal to, m .. 
Gr,overs alg,orith·m utilizing a quan:tum co,mjp,u.t,er 
jperfo,nns th.e s:ame: task in tim,e JP•m,:porti,o:nal to ✓m 

. this is .a signific,ant :s.p,ee,d, incr,ease:. 
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.1 ;_ ig. 4! A gumttn eirclllit for 
generating a O or 1 rillll.dom]y .. 
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Fig. 5 Prollmhilities -of the state 
oo.Llap.si:ag to ai O or l . Rnn on. ai 

:real q11a11rum C-Offii?urer. 
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: . I ' ' : I retrieve Tom .e outputs. 
The ,q_uan.ttlm ,circuit mo,d,el 
,alrso, ,d:emo,nsbrate:s this. 
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