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Whot is the worst-case fime comp\exijnj, and wlrj? TC) = Q(n)-l-T(j-l) + (<))



[A)l'\O\'[' (K3 '“'\e, (.JO('S“-CQSQ. ‘(’.lW\Q Comp\Qx;"'\j’ omcl wllj?
% OJf‘eothj SorleJ inPu'}) re.vetse-sm'lecl, V\ear\tj so("‘e.cJ cou

T = ey o) + 66) =06d) /33,
/.“:\-3

A



[A)l'\O\'[' (K3 '“'\e, (.JO('S“-CQSQ. ‘(’.lW\Q Comp\Qx;"'\j’ omcl wllj?
% OJf‘eothj SorleJ inPu'}) re.vetse-sm'lecl, V\ear\tj so("‘e.cJ cou

T(vx> = T(oB + T(V\-O + Q(V\) = Q(V\2> /./\‘;G:_z

/ .‘V\-B

L\\Lo\“ woula( l')e, ]Jeal ¢ A



(/\)L\O\'[' (K3 '“'\e, (.JO('S“-CQSQ. ‘(’.lW\Q Comp\Qx;"'\j’ omcl wllj?
% aJrean SorleJ inPu'}) re.vecse-Sov'tecl, V\ear\tj sof“ecJ cou

T[vx> = T(oB + T(h-l) + Q(V\> = Q(V\2> /./\‘;G"_z

/*?,-3
L\Lo\“ woula( Le, ]Jeal ¢ A
% ~ even S'P]"'I') e.ve.rj "('.IW\Q
To) ¢ 227T(5) +8(a) = Blnhoga)



(/\)L\O\'[' (K3 '“'\e, (.JO('S“-CQSQ. ‘(’.lW\Q Comp\Qx;"'\j’ omcl wllj?
% aJrean SorleJ inPu'}) re.vecse-Sov'tecl, V\ear\tj sof“ecJ cou

T[vx> = T(oB + T(h-l) + Q(V\> = Q(V\2> /./\‘;G"_z

/*?,-3
L\Lo\“ woula( Le, ]Jeal ¢ A
% ~ even S'P]"'I') e.ve.rj "('.IW\Q
To) ¢ 227T(5) +8(a) = Blnhoga)

L\“‘j vse Qui CLSOV‘I‘?



[A)l'\O\'[' (K3 '“'\e, wOrS“-CaSQ ‘(".lW\Q (_omp\Qx;l‘\j’ aml wllj?
% OJf‘eothj SorleJ inPu'}) re.vetse-sm'lecl, V\ear\tj so("‘ecJ cou

T = TG+ Tlan) + 66) = 8(A2) //\‘;\

/*?,-3
wLo\“ woula( l')e, ]Jeal ¢ A
% ~ even S'F]"'I') e.ve.c'j "('.lvv\e.
To) ¢ 227T(5) +8(a) = Blnhoga)

wl\n vse QU\ CLSOT‘I'? lA)e. prec.'(' Q(V\—Qogw) coe w'l-”r\ a s\ma“ Cons+aﬂ"'
(& s 'M-Place, and s-laL,e)



(A)L\o\‘\ '\'Q wWwe ou\wa:ﬁs Sp\i‘l' “Sov"—o-e-euq,v\l.jn?
eq., () =T(R)+T(L2)+cw
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(/\)L\O\‘\' 'l'e we a\‘{'ema'\e, L?AUQ@A 'ule,aﬂ 2( _hLJSPh-IS? (LUC‘(j VS UVI[UCL.j)




(/\)‘r\o\‘\' 'I'e we aHemer, bdue@n 'IAQAQ 2( MSPHS? (LUC‘Cj VS UV\IULL.j)
L () = 2U(2)+ dw
\A(v\) = L(V\-‘) + AVL




(/\)L\O\‘\' 'l'e we a\‘{'ema'\e, L?AUQ@/\ 'ule,aﬂ 2( _hLJSPh-lS? (LUC‘(j VS UV\IUCL.j)

L) = 2u(2)+ Ang =277 7 Jeda
\A(\,\) < L(n-l) + dn




(/\)L\O\‘\' 'l'e we a\‘{'ema'\e, L?AUQ@/\ 'ule,aﬂ 2( _hLJSPh-lS? (LUC‘(j VS UV\IUCL.j)

L () = 2U(D)+ dn ") = A ) +d2] +dn
U = L(n) + dn ’S - [ (3 +4 ]




(/\)L\O\‘\' 'l'e we AH'Q(V\G'\Q, L?AUQ@/\ 'ule,aﬂ 2( _hLJSPh-lS? (LUC‘(j VS UV\IUCL.j)

L () = 2U(D)+ dn ") = A ) +d2] +dn
U = L(n) + dn .S - [ (5-)+4 ]

g 2 L(‘{) + 2dn = Q(V\Kogm)



(/\)L\O\‘\' 'l'e we AH'Q(V\G"Q, L?AUQO/\ .IAQAQ 2( ﬂsp‘i'}s‘? (LUC‘(j VS UV\IUCL.j)

L) = 2u(3)+ a\ng L) = 2L(pa) v dg] +du
M w) = L(n-1) + AVL
() ( ) < 2 L(_V\_) + 2dn = @(n&:ﬂvx)

ExFec:l’e,cl lime: couu o sf:l.“l‘ La.,av\ce.J 'e PNO-‘- fcm\ts ' [VI 3V)]
UwLa,anceJ o‘(l'ne.rmse,



(/\)L\O\‘\' 'l'e we AH'Q(V\G'\Q, L?AUQ@/\ 'ule,aﬂ 2( _hLJSPh-lS? (LUC‘(j VS UV\IUCL.j)

L () = 2U(D)+ dn L () = (8-1) +d5| +du
\A(\,\) = L(n-l) + dn .g [ ]

g A L(‘V\—) + 2dn = @(n&gv&

UwLa,anceJ o“ Lne.rmse,

wovsl' case \2 Lalanceci s‘o\%'l': T0W) £ ?



(/\)L\O\‘\' 'l'e we AH'Q(V\G'\Q, L?AUQ@/\ 'ule,aﬂ 2( _hLJSPh-lS? (LUC‘(j VS UV\IUCL.j)

L () = 2U(D)+ dn ") = A ) +d2] +dn
U = L(n) + dn .S - [ (5-)+4 ]

g A L(‘V\—) + 2dn = 9(n£ogm)
ExFec:l’e,tl "'im@ﬁ couu o SPI{‘I' La.,a\nce.cj \Q PNO"‘ fom\cS n [V‘ 3”]
UnLa,anceJ o‘“ﬁe.rmse,
wOVSl' case 'l-e La‘ow\co.ti s‘o\i‘l' T(V\) < T( ) + -T( +JVL
wov.sl' case \2 qua‘anceJ SF\§"": T(V\) s .



(/\)L\O\‘\' 'l'e we AH'Q(V\G'\Q, L?AUQ@/\ 'ule,aﬂ 2( _hLJSPh-lS? (LUC‘(j VS UV\IUCL.j)

L () = 2U(D)+ dn ") = A ) +d2] +dn
U = L(n) + dn .S - [ (5-)+4 ]

¢ 22L(3) +2dn = B(nkogy)
Expected dime:  call o splib  balanced i# pivot canks in [%-...20]
onbalanced otherwise
Worst case ¥ balanced splibs TG) € T(22) + T(F) +du
Worst case ¥ vubalanced selit: T(w) £ Tla-1) + Tlo) +dw,



LW h ok 1? we aHemer, (oejmee,n M X _L_ois?\i-ls? (Loc\cj v§ Uw[uc\f.ﬁ

L) = 2U(2)+ Ang L) = 2fL(po) +de] +du

M w) = L n-l) + AV\.
(=) = ¢ 2L(%) +2dn = O(akog)

Expecked Himer call o split  bulaveed i€ pivoh carks 1a [5...20]
UnLa\lanceJ O‘“’l?.('wlse.
Worst case ¥ balanced splib: TG) € T(22) + T(Z) +dun
Worst case ¥ vubalanced selit:  T(w) £ Tlw- )+ Tlo) +dn ¢ TC)+dn



wLO\'\' 'I'e we aHemer, LQAUQQV\ M 2< E‘ASP“‘}S ? (LUC‘(j VS DVIIUCLj)

() = 2U(2)+ Ang L) = 2L (pa) +dg] +du

M w) = L n-l) + AV\
(=) = L( ¢ 2-L(%) +2dn = O(nhog)

Expecked bime:  call o split  baaneed i@ pivoh canks in [%...20]
UVILOJQMCQJ O'“’(O.fwlse
Worst case ¥ balanced splib: TG) € T(22) + T(Z) +dun
Worst case ¥ vubalanced selit:  T(w) ¢ Tla- )+ Tlo)+dn ¢ TC+dn

E(XCL sP\i‘,' L\as o SO% c_\namce oz Le.'Mj LOJAV\CEJ



wLO\'\' 'I'e we aHemer, LQAUQQV\ M 2< E‘ASP“‘}S ? (LUC\(j VS UVIIUCL-j)

() = 2U(2)+ Ang L) = 2L (pa) +dg] +du

M w) = L n-l) + AV\
(=) = L( ¢ 2-L(%) +2dn = O(nhog)

Expected dime: call a splib  balanced i# pivot canks in [%-...20]
UwLalanceJ o‘“fte.rmse,
Worst case ¥ balanced splib: TG) € T(22) + T(Z) +dun
Worst case ¥ vabalanced splib: T(w) ¢ Tla-) + Tl) +dn ¢ T()+dw

EacL 5F\i',' L\o\s o SO0% c_\aomce oz Le.m lpoJo.nceJ
TCn) < 0.5(T(n)+dn) + 0.5 (T( 20) + T(%) +dn)



ExFec:l'e_J— “'ime.= Ca.“ o sP'{‘l' La.,amce_J ‘e PNo"’ (‘am\t.S' n [V‘ oo
UwLa’anceJ o‘“ﬂermse

Worsk case ¥ balanced splik: T(o) € T(22) + T(Z) +dun
Worst case ¥ vnbolanced split:  T(w) € TG)+dw
Each split has o 50% chance of being balanced
TGy ¢ 0.5(T(a)+dn) +  0.5-(T(22) + T(Z) +dun)

3n



EXFec:l'e_cl 'l'iw\e.= couu o- SPI{‘L La.,amce.J 'e PNO"' fan\ts N [Vl coe
UVlLaJance_J o’“ﬂ@.rwlse

Worst case ¥ balanced splik: T(o) € T(22) + T(Z) +dun
Worst case ¥ umbalanced split: T(w) € TG)+dn
Each split has a 50% chance of being balanced
TGy ¢ 0.5(T(a)tdn) +  0.5-(T(22) + T(Z) +dun)

0.5T(w) < dn + 0.5(T(22) + T(%))
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EXFec:l'e_cl 'l'iw\e.= couu o- SPI{‘L La.,amce.J 'e PNO"' fan\ts N [Vl coe
UVlLaJance_J o’“ﬂ@.rwlse

wo"sl' case .1-2 La‘cw\cul sr\i‘l' T(vx) < T >+—T( +JVL
l,:)o\-sl- case .\‘e qua‘omceJ SP\§“‘= T(V\) < T(v\)+cl\n

EaCL 5P\i‘,' L\o\s a SO% c,‘namce o£ Le.'lnﬁ lpoJanceJ
T(n) < O.S(T(V\)‘l'CJV\) + 0.5- (T >+-T(V‘ +c[m.>

0.5T(w) < dn + 0.5(T(22) + T(%))

T(vﬁ £ T(%—) "'_r("‘?_' + 2dn = Q(V\!Ojn)



