Amortization


Greg Aloupis


Greg Aloupis
Amortization


S‘\'a\c.\< OFefa."';OV\S .

posh
C,oS“‘ ‘-‘-i

Pop
CoS"' = i

N




S‘\'a\c.\< OFera‘\';oms . PUSL POF W‘U\‘HPOF(‘L) E [‘1,
CoS“' = i CoS"' = i COS‘\‘ = k




S‘\'a\c.\< OFera‘\';oms . PUSL POF W‘U\‘HPOF(‘L) E [‘1,
CoS“' = i CoS"' = i COS“‘ = k

\/\.)L\ocl" w'\“ n oPe.Co:l’{OV\S C.oS+ ?




S‘\'a\c.\< oFera‘\';ov\s c PUS\" PP W‘U\‘HPO?(‘L) E [T
Cost=1  Cost-=1 Cost =k

\/\)L\ocl" w\“ n oPQCo\'l’{aV\S C.oS+ ?
\IJGfS" case : \Ne. (W\O\x ;V\qll'\l;(ll)a\ o?) = V\-\< = lﬁ Pe(‘ oPefo'om




S‘\'a\c.\< oFera‘\';ov\s c PUS\" PP W‘U\‘HPO?(‘L) E [T
Cost=1  Cost-=1 Cost =k

\/\)L\ocl" w\“ n oPQCo\'l’{aV\S C.oS+ ?
\A.)GfS" case : \Ne. (W\O\x ;V\qll'\l;(ll)a\ o?) = V\-\< = lﬁ f)e(‘ oPefa:l"'om

AW\O(‘\'.\ZQ—J = O<|> Pe(‘ o[:efoc(';on



S‘\'a\c.\< OFera‘\';oms . PUSL POF W‘U\‘HPOF(‘L) E [‘1,
CoS‘\' = i CoS"' = i COS“‘ = k

\/\)L\ocl" w\“ n oPQCo\'l’{oV\S C.oS+ ?
\IJOfS" case : \Ne. (W\O\x ;V\qll'\l;(ll)a\ o?) = V\-\< = lﬁ Pe(‘ oPefo'om

AW\O(‘\'.\ZQ—J = O<|> Pe(‘ o[:efoc(';on

IV\’\‘U]'\';VQ . eoxc_\a Q,‘QW\QV\" can ‘oe Poslr\e,cl Freaisa‘:j once

\'Jo‘l' a,\so ow\j FoFPe.cl o¥r wu\-l-iPoPPe.a‘ owncee

COV\'l'f.lLd""lOV\ per e,\e,wxe,vxjt <2



S‘\'a\c.\< OFera‘\';oms . PUSL POF W‘U\‘HPOF(‘L) E [‘1,
CoS“' = i CoS"' = i COS“‘ = k

\/\)L\ocl" w\“ n oPQCo\'l’{oV\S C.oS+ ?
\A‘)OfS" case : \Ne. (W\O\x ;V\all'\I;JUA\ o?) = V\-\< = lﬁ Pe(‘ oPefxl';ow

AW\O(‘\'.\ZQ—J = O<|> Pe(‘ o[:efoc(';on

IV\’\‘U]'\';VQ . eoxc_\a Q,‘QW\QV\" can ‘oe Poslr\e,cl Freaisa‘:j once

Lo‘l' a,\so ow\j PoFPe.cl o¥r wu\-l-iPoPPeJ once
Cowl'r]Lo""wv\ per e,\e,wxe,vxjt <2 / #elements < W / -To"a.\ cost = O(V\)



AmoRTIZATIoN

A‘:rlies 40 Some FroLlws "’Lo:[' 'MVo,\/o. wany opera:'-n'ov\s',

|'p worS‘,' Case ’,"iwre, o-p oFera:"'ion ‘< 1S O(—P(IC)),
-\-v(j -l-o S\ﬂow "'L\o.:,' V opera:l';ons CoS'l' O(\ﬂ"p(n))


Greg Aloupis



S‘\'a\c.\< OFera‘\';oms . PUSL POF W‘U\‘HPOF(‘L) E [‘1,
COS'\‘ = i C.os"' = i COS“' = k

Pretend 2

AccounTing MeTHOD

o Fretend some C—"“?—"\P °]>"-"°‘"('i°“ -\'\TFQ costs wore stack



Stack oFera‘\'ioms= P"SL Pep W‘ON-'.P"P(‘L) E (T

Cost=1 Cost =1 Cost=k
Pve.*eni L
AccoUNTwG- METHOD
o Rretend some C—\"%P OPQ'“"('i"“ ‘\"ﬂ’e costs wore stack

e Save the cl'\-e'e«eﬂce

BAVK >

P P T Ll




S‘\'oxc.\< oFera‘\'ioms : P SL rep W‘"“"P%(k) x (T
COS“‘ = i COS‘\' = i CoS‘l‘ = k)
Pve:\'evxi L vse ?arvi ngs
Aw\orl-’-zu[ cost = L 0 o

P\ccoUNTwG- METHOD

o Fretend some c\neoxP oPera:('iovx ‘\'\";e costs wore

e Save the cl'\-e'e«eme , Lse 3! Qo.:|'e,r

BAVK >

$+a.c k

!-hl-&"""-\“




S‘\'o\c.\< oPefa‘\';oms : PUSL PP W‘O\HPOP(‘L)
CoS"" = i Cos-\' = i CoS‘l‘ = k)
Pretend 2 vse ?arvi ngs

AccoUNTwG- METHOD

o Fretend some c\neoxP oPera:('iovx ‘\'\";e costs wore

e Save the A'\-e'eerevme , Lse 3! Qo.:|'e,r

/

\we CosJC £ . (wocsl' aw\or'l-?ze,el Cos4-)
= wn- 2

BAVK >

l-hl-&"'khh

N0

S','a.c k



Ac : '
cCovvT\AG ¢ Sowmg -eor a rainﬂ cla:j


Greg Aloupis



ACCOU'JT\,\)G- : Sowin_g "eof a \"ainﬂ cla:j

“s ‘\\Mf\é' ore_fa-"; ons

“Com‘oh ca-(-eAv/COS'Hnn operock ons

Ao_c'mle.
cos You
Co:L?i/c.x['e,J ‘L
e/ T e

S.lw\r'e,



Greg Aloupis



ACCOU'JT\,\)G- : Sowin_g "eof a \"ainﬂ cla:j

“S ‘\\Mf\L" ore_fa'{';ovl (4

Aec':JQ
o _H / Sou\
Cc,:o:nr?icos‘['ecl ‘L

e EEEEE £
e/ {LH]



Greg Aloupis



ACCOU'JT\,\)G- : Sowin_g "eof a \"ainﬂ cla:j

‘Pre:le.nol “s‘wwf\tu ore.fa"';ovns C‘_os"' wove "'\navx— "'Lec:) AO, Icleo\”:.] 9(‘(‘24& ﬁ'DS‘(')
(s save’ the diffecence

Aec':JQ
o _H / Sou\
Cc,:o:nr?icos‘['ecl ‘L

G/ (R i\

S.lw\r'e,



Greg Aloupis



ACCOU'JT\,\)G- : Sowin_g "eof a \"ainﬂ cla:j

‘Pre:le,no' “s‘\vvnf\t" orefw‘-;ovns c:os"' wovre "'\naw "“Le:) CJO. Itleos“ﬂ 9(“'2-4& ¢'°5+>
. (9 "Save:' "'\ne. cli-P-\eerev\ ce (——> l‘S1>e.V\<:l” wLa‘I’ :jou. save,o| u'o,
Comrl;cw‘-ulv/CoS'Hn“ operoc|'\'ov\$ . Ff@:"ev\J "'LQU C.oS'\' \QS'S') Po;v excess view qu;njs

NN lrr7/79/7

costlu/
Co mr:?ico\‘['e,cl

G/ (EGEI] T i\

S.lw\r'e,



Greg Aloupis



ACCOU'JT\,\)G- : Sowin_g "eof a \"ainﬂ cla:j

‘Pre:le,no' “s‘wvnf\é' orefw‘-;ovns c:os"' wovre "'\naw "“Le:) CJO. Itleos“ﬂ 9(“'2-4& ¢'°5+>
. (9 "Sawe',' "'\ne. cli-P-\eerev\ ce (——> l‘S1>e.V\<:l” wLa‘I’ :jou. save,o| u'o,
Comrl;cw‘-ulv/CoS'Hn“ operoc|'\'ov\$ . Ff@:"ev\J "'LQU C.oS'\' \QS'S') Po;v excess view qu;njs

ANKNRR lrr7/79s/

Sou\ AQ&)JQ

costlu/
COW\F?iCO\'['QJ “ \L

S 1 S
de/ (o] B



Greg Aloupis



ACCOU'JT\,\)G- : Sowing "evf a \"ainﬂ cla:j

‘Pre:le,no' “s‘wvnf\é‘ orefw‘-;ovns c:os"' wovre "'\naw "“Le:) CJO. Itieos“r] 9(“'2-4& ¢°5+>
(9 "save "'\ne. cli-P-\eefence (——> "SFeV\J” w\no:I' :jou. Save,J u'o,
“Com‘ohca-(-eA'/CoS'Hn“ OPero\'l‘\'OV\S' : Ffe.-\'e.nal -Hae.:j c.os-\- \ess'3 Pav excess vieL Savings

ASNNRRN 77777 0s7

Sow Jec',ale EU\Q . )\)ever 9{;4“1 wore

costl
-l—:? ‘L ""\naw\. uLwl' you SGNQJ.

COW\F

i/c.oc['e,cl

I I
cheap/ { 20| oo

S.lw\r'e,



Greg Aloupis



ACCOO'JT\I\)G' : Saw'm_g "evr a \"ainﬂ ola:j

fPre:‘e,no' “S‘\M?\O-" oFewaIows c'.os-" wovre “-\«qw “‘Les JO. Icleoulllj 9(‘(‘@-4& ¢'—°5‘(">
(9 "Sawef' ‘\'\ne. cli-p-peren ce (——> "SFQV\J” w\no«"’ :jou save,J u'o,
COthca—‘-aL/CoS“n“ OPCTO\"'\'OV\S . P\"Q:"e.nal -"Le.:j C.OS'\' \QS'S') Pav excess viee smﬁn S

AN NN lrr7/7Css
yom decide _Relez Newe spind oce

Cos'H
Com :?w.o. o, \L \C— 'l'\"““- ULJ’ Yyou Sawe.cl,
L _F-P N __P(“) J Amar','iuJ cost : w--?(vr) ¥ trve cost

ea/ (LR [11]

Slmrle,



Greg


Greg Aloupis


Greg Aloupis


Greg


Greg Aloupis


Greg Aloupis



ACCOO'JT\I\)G' : Saw'm_g "evr a \"ainﬂ ola:j

fPre:‘e,no' “S‘\M?\O-" oFewaIows c'.os-" wovre “'\'\aw— “‘Les JO. Icleoulllj 9(‘(‘@-4& ¢'—°5‘(">
“ (9 "Sawif' +he cli-p-pe.rev\ ce (.—> "SFe\nJ” w\«a‘" You saved vp.
Comrhcau/cos'l'ln OPCTO\"'\'OV\S . P\"Q:"e.nal -"Le.:j C.OS'\' \QS'S') Pav excess viee smﬁn S

NN lrr7/7Css

yom decide _Relez Newe spind moce

o R
| _F-P N __(_)(“) J Amor%uJ cost: wn- ‘P(V\) > drve cost

_%/
"’s\'::':‘f;e/ {/ \_r\_ﬂo:'-o Goal d QXQSSQF&"’G Save -g Minimize
P ’ ' as Qm”le oS POSSILlQ 'f(n



Greg


Greg


Greg


Greg


Greg Aloupis






'EO‘TEquPxL MGTHOQ’ m\ca_ PL\US]C;S‘E \MQ‘H«OJ



Greg Aloupis



EO‘TE'JT!AL M ETHOD

g-l'ar‘,’ wH-L c[oil'a. S"fruul‘urq, Do
Of-c““’("""\ L= D;_, —>D; CoS'I' t C;



EO'TEwam_ METHOD

g‘l‘m“,’ w,H- c[oc'l'a, S'f(‘llb'[‘l}rc, Do
O‘?-e(‘oﬁ(‘.'on L 4 D;_’ _)D‘ COS+ . C;

?o-‘ew-l"ml 'glv\c:l'ian d>z maps Di —> rR : PO‘I‘QV\"—;J \/oslue..
d)o =0 d’i >/ O = 2 CouAﬂ“kImS '{'L\O’" L\el?.



Por
FOTEMTIAL METHOD

g‘l‘ur‘,’ (,o'-I-L ~I- —f -[-
) c[a o STovetvre Do
()?-Q(‘oc(‘.lOv\ l.. > >
- D;_, D; Cos"'
t Cy

iO‘I‘CVl"l'Ial ‘@N\bl lan Cj)i maps D — ’ a
oTEewn ] \/agl
| ve.
1 >/ V\Aﬂ. .DVIS L\OJ- L\ l
| =4 i C — 2 Co ‘,1 ‘ e f

i

Le,'(’ 2; C; +CP;_c:l7-
c. + Ab; "~

n



EO‘TEwam_ METHOD

g‘l‘m“,’ w.H- c[oc'l'a, S'f(‘llb'[‘l}rc, Do
O‘?-e(‘oﬁ(‘.'on L 4 D;_’ _)D‘ COS+ . C;

?o-‘ew-l"ml 'edv\c:l"im d)z maps Di —> rR : PO‘I‘QV\"—;J \/oslue..
d)o =0 d’i >/ O = 2 CouAﬂ“kImS 'H'\O’(' L\el?.

i

n

L&'(— C‘ C;' +@i - Cp;_i I-e AdD; >0, 2£>C; : S“o-(‘m 1>-o'|'¢u'l1a.l
Ci . Acb’: e 'o0c 15 D



'\ioTewTrm_ MeTHOD  aka PL\US'-cis-f; wothod
g‘l‘nr‘,’ wH'L c[a."l'a. S’fr‘uc'(‘w'e, bo
O‘;.ecoc(-'mv\ L D;_, —>D; cost - C;

?o-‘ew-l"ml 'edv\o'l"im d)z maps Di —> rR : PO‘I‘QV\"—;J \/oslue..
dDo =0 d’i >/ O = 2 CouAﬂ“klms 'H'WJ' L\el?.

i

n

L&'(— 2‘ C;' +¢i - d)‘."i{ I-e Ad); >0, 2{')(:; - T ?o'l'evv'l'la.l

. "tooc 5 D
C;, + Ad),: Acb' A
1 L0, ¢ 4¢c; release vock .



> S¢; = S (ci +Ad)

(X1}



S (1 +A0)

et

@V\._¢o + iC;

""e_‘e.sco?‘ms ser;
eries



""e_‘e.sco?‘ms series

> iC;



- g(ct*—Ad’a "'e.‘e.soo‘:'ms series
- dfw‘c?o +an > > e
yo ©

we ‘:v\ow 'H«ocl- ‘H“Q amoctived cost

\,J'\“ vw"t UV\JQre_s"';Mo.'l'o. reaJ COS"'.



= C'_D“-—(?o -f-ch; >/ ch;
d
»0 ©
L N 7
iow -Qrﬂure o\/"' Soe we ‘Cnow "'Lo\-l' "H«o. Olwo(‘"'.l‘z.ecl c.os{'
WO(‘S‘l' Case -@o{' an:j w'\“ vuo’{' UV\JQFQS"';Mo.“e f‘ea‘ cos"‘.

.\ V\cl.lV;J\)&( éi

L_)T.C\e.o\\(n 'H’\‘ls w\“ 8‘tve o sooJ ({fw L‘D‘VV\J '?Df"'o',u’ C05+

Sc; £ SC; £ wne-wmoaxc;



- (S
b
\)Q
h
vel
9 |
e 3
) th;
wLxPS -
a C S
\MPI'\
ca‘l’
oy,
Cosl
,j OF
e.roc‘-'\
an (e
})

C
oy
\CO\'l'
e

W
vee/ {L0H]




\‘(ow -”\is wa‘liS

‘(SUL\.)QC'l‘.tVQ,Ij\ o,e_-a;v\e, wL\a.‘[' a Com?lic.a‘l'eti /Cog‘“_\j oFQro-..‘F\oV\ (C'.) 18.
o F'MJ someth nq ot c.L\amae.s o lot i Hhe o\x“m strvetuce 't such cases.

costu/
Cowm ?\cos e,

e/ fLHlnD




\‘(ow '”\is works

‘(SUL\.)QC'l‘.tVQ,Ij\ o,e_-a;v\e, wL\a.‘[' a Com?lic.a‘l'eti /Cog‘“_\j oFQro-..‘F\oV\ (C'.) 18.

° F"“J 90""9—"'[‘.' '\j '“‘\a-'[’ C-L\amae.s o ‘O‘I' "M "H'\Q_ o‘a\.“'m s“ruc“'ure. (1% Suc.L Cases,
L)’ (Quav\‘l'i-eb ‘I’L\]S c,lnanae, oS Acb;_ : ﬂe,'\’ i‘l‘ ,,k.'u.. C;; 81.: c_-" -\.Ad)'.'

COS'H?
Complicn e,

e/ fLHlnD




\‘(ow -”\is wa‘liS

‘(SUL\.)QC'l‘.tVQ,Ij\ o,e_-a;v\e, wL\a.‘[' a Com?lic.a‘l'eti /Cog‘“_\j oFQro-..‘F\oV\ (C'.) 18.

° F"“J 90""9—"'[‘.' '\j '“‘\a-'[’ C-L\amae.s o ‘O‘I' "M "H'\Q_ o\a\.“'m s“ruc“'ure. (1% SUC.L Cases,
L)’ (Quav\‘l'i-eb ‘I’L\]S c,lnanae, oS Acb;_ : ﬂe,'\’ i‘l‘ ,,k.'u.. C;; 81.: c_-" -\.Ad)'.'

COS'H?
Complican e,

i IR | ‘l"arﬂe.'l' 2; éeﬂ‘ al 1 f. 'rossiUeB
e/ (L] n




\‘(ow '”\is works

‘(SUL\.)QC'l‘.tVQ,Ij\ o,e_-a;v\e, wL\a.‘[' a Com?lic.a‘l'eti /Cog‘“_\j oFQro-..‘F\oV\ (C'.) 18.

° F"“J 90""9—4’[‘.' '\j '“‘\a-'[’ C-L\amae.s o ‘O‘I' "M "H'\Q_ o\a\.“'a s“ruc“'ure. (1% SUC.L Cases,
L)’ (Quav\‘l'i-eb ‘I’L\]S c,lnanae, oS Acb;_ : ﬂe,'\’ i‘l‘ ,,k.'u.. C;; 81.: c_-" -\.Ad)'.'

L” vaev\'l' t]our Cb a.ccorJiv\'jlj /[
L) Mo\\r_e Svce Ad7,, a\oe.SV\"l o«“ wwc.ln "'D C;, wLen C,; IR C‘/\eqP.

COS'H?
Complicn e,

i IR g ‘l"arﬂe.'l' 2; éeﬂ‘ al 1 f. 'rossiUeB
c\’\QqP/ {TTW —r\-n ZOK 4o Lot Ad. >0, Lot 4(3 4o Limit Has

Slmrle,




S‘\'o\c.k oFef‘a‘koms : ?USL PeP W‘OH“.POP(‘L)
Cost=14  Cost=1 Cost=k



PoTENTIAL METHOD
Le,"’ d> = ¥ e,leme_v\‘lrs' n s-l'ack

S‘\'o\c.\c oFera'\';oV\s : PUSL PeP W‘OH-‘.WF(M
Cost=1 Cost=1 Cost:=k



PoTENTIAL METHOD
Le,"’ d> = ¥ e,leme_v\‘lrs' n s-l'ack

S‘\'o\c.\c oFera'\';oV\s : PUSL PeP W‘OH-‘.WF(M
C.oS‘\' = i CoS‘\‘ = i CoS"\' = k
Ad +{ -1 -k



PoTENTIAL METHOD
Lot d> = ¥ e,leme_v\‘lrs' n s-l'ack
LQ,J(' é:,: = C¢ ACDL

S‘\'o\c.\c oFera'\';oV\s : PUSL PeP W‘OH-‘.WF(M
C.oS‘\' = i CoS“‘ = i CoS"\' = k
A +{ -1 -k
SL = 1 +1 1 -1 k - ‘<



PoTENTIAL METHOD
Le,"’ dD = ¥ e,leme_v\‘lrs' n s-l'ack

Let & = ct AD;
Z c; §v_ic + SAcb
S‘\'O\C-k oFe\"a'l';omS : PUSL
C.oS‘\' = i
Ad +{

L 1 +1

A
C

Pop
CoS“":i
-1
1 -1

\MO\‘l'l.POf(kB

CoS"\"—‘- k
-k

k-k



PoTENTIAL METHOD
Lot dD = ¥ e,leme_v\‘lrs' n s-l'ack
Let & = c+ AD;

>&=2cr 2nd = Tc 40,0,

L= [

S‘\'o\c.\c oFera'\';oV\s : ?USL PeP W‘OH-‘.PW(M
CoS‘\' = i C,oS“‘ = i CoS"\' = k
A +{ -1 -k
SL = 1 +1 1 -1 k - ‘<



PoTENTIAL METHOD
Le,"’ d> = ¥ e,leme_v\‘lrs' n s-l'ack

Le} C;=C+ Acb '.-?>,o tHhen Svic_ < i 2
1V} W W ) = L:l y
z c; Zci- SAd) = ic_ “’va."Cbo

S‘\'o\c.\c oFera'\';oV\s : PUSL PeP W‘OH-‘.WF(M
Cost=1 Cost =1 Cost=k
A +1 -1 -k
SL = 1 +1 1 -1 k - ‘<



PoTENTIAL METHOD

Let b= 3 e,leme_v\‘lrs' in stack
Let &, = c+ AD; P +H, > >
SeeSm - 3 ey e e < 24
feferfo - oo,
=! >0 '_L__; =0 ;(l s-lacL s—hﬁs e.wp-k_\j

Ms

L:l

Stack operations :
F "'toV\S . PUSL POP W‘O\{-‘.Pof(kB
C.oS‘\' = i CoS‘\‘ = i CoS"" = k
AD +4 -1 -k

21'—'- 1 +1 1 -1 k—‘<



PoTENTIAL METHOD
Le,"’ d> = ¥ e,leme_v\‘lrs' n s-l'ack

Le} C;=C+ ACD '.-?>,o +hen ic_ < ié
v W " ) L= h L=l ‘
z-_ . 2 ¥ SAdD = ic_ +d3v."'Cbo

20 '—L—_; =0 ¢ stack stacts e.wp-k_\j

S‘\'o\c.\c oFera'\';oV\s : PUSL PeP W‘OH-‘.WF(M
C.oS‘\' = i CoS‘\‘ = i CoS"" = k
A +{ -1 -k
SL = 1 +1 1 -1 k - ‘<

4!
> < :

. c; S N waxc: = n-L
L=l



PoTENTIAL METHOD
Le,"' d> = ¥ e,leme_v\‘lrs' n s-l'ack

Le} C;=C+ ACD '.-?>,o +hen Evic_ < ﬁ_é
v W " ) L= h L=l ‘
z-_ . 2 ¥ SAdD = ic_ +d3v."'Cbo

20 '—L—_; =0 ¢ stack stacts e.wp-k_\j

S‘\'o\c.\c oFera'\';oV\s : PUSL PeP W‘OH-‘.WF(M
C.oS‘\' = i CoS‘\‘ = i CoS"" = k
Ad +{ -1 -k

-k

k
W
> < * >
. C; £ WN-Woaxc;, = n-L —> ZC- € 2n
L=| L=

L= 1 +1 1 -1

0>






T.V\cre,mawkng a k-bit c,oun','er

LIO1O) LT[ T[1]1]1 0
y
L1010 {11 1]1]1 1




Imrew\en{iv\g a l(-laijr cwnhr

— |le—]| O

O ||~ [«]|O




Imrew\en{iv\g a l(-laijr cwnhr

tiojojt)ty1)111)11111]0]0
.
Lojot{L{1{tf1j1)1]1]0]|1
| 4
tiojojt)t1ytj1)1)1)1]11]0
J
tiojoftttp)tt))t




Imrew\en{iv\g a l(-LiJf cwnhr

tiojojt)ty1)111)11111]0]0

Lojot{L{1{tf1j1)1]1]0]|1

| d

tiojojt)t1ytj1)1)1)1]11]0

tiojoftttp)tt))t

R R
it{ojt|oflofoflofolofofo|o|0O




Imrew\en{iv\g a l(-LiJf cwnhr

cost = # bits flipped. j:r i

L1010 {111 1]1]1 0
¢
Lojot{L{1{tf1j1)1]1]0]|1
|
tiojojt)t1ytj1)1)1)1]11]0
J

L1010 {11111t
Jdy iy di il
tjoj1|ojojofojo|o|ofo|o|0o




Tnevemend -bi
. ome max= Il .

COS"' = =H= L);‘l's 'PIIPPQJ i i (<2k)

tojojt)t1)1]1)1111110

tHojojt 1)t

— |le—]| O

QOl|le|—m|e]|Q|¢|— || O

— l— O
Q|| —
Q| |—
Q| |—
Ql&e|—
Q| |—
Q| |—
Qle|—
Qle|—
Q| |—




! [ 'l } ‘? ° ?

cost = # bids “ippeal. i i «2)

tojojt)t1)1]1)1111110 =0

tHojojt 1)t o=

— |le—]| O

D=0

OQle|— | |O | |— || O

— le— 10
O|l«|—
Q| |—
O« |—
Q| |—
O || —
Q|e|—
Q| |—
OQle|—
Q| |—



Greg Aloupis
?


! [ 'l } ‘? ° ?

cost = # bids “ippeal. i i «2)

tojojt)t1)1]1)1111110

=0
l
|

tHojojt 1)t

— |le—]| O

OQle|— | |O | |— || O
S
o

— le— 10
O|l«|—
Q| |—
O« |—
Q| |—
O || —
Q|e|—
Q| |—
OQle|—
Q| |—




! [ 'l } ‘? ° ?

cost = # bids “ippeal. i i «2)

tojojt)t1)1]1)1111110 =0

tHojojt 1)t o=

— |le—]| O

D=0

OQle|— | |O | |— || O

— le— 10
O|l«|—
Q| |—
O« |—
Q| |—
O || —
Q|e|—
Q| |—
OQle|—
Q| |—




Incremen{ing Q l(-tﬁ{’ Coun+ef: C,OS'I' o-e n

cost = # bits flipped. j:r i

1

0

0

1

1

1

1

1

1

1

1

0

0

1

1

1

1

1

1

1

— |le—]| O

— < 1O

Q|| —

O|e|—

Q| |—

Q| |—

Q| |—

O|e|—

Qle|—

Ole]|—

O |e|—

O|e|—||o|<|[—]|o

2"
®=0
d=1

d=0

ncrements ?

(OLSSUW\Q, Max= |\\\\l.->

— k-1



Incremen{ing Q l(-tﬁ{’ Coun+ef: C,OS'I' o-e n

cost = # bits flipped. j:r i

1

0

0

1

1

1

1

1

1

1

1

0

0

1

1

1

1

1

1

1

— |le—]| O

— < 1O

Q|| —

O|e|—

Q| |—

Q| |—

Q| |—

O|e|—

Qle|—

Ole]|—

O |e|—

O|e|—||o|<|[—]|o

2"
®=0
d=1

d=0

ncrements ?

&

(OLSSUW\Q, Max= |\\\\l.->

—Apo\,“owu; S\Mall C

"l’o srow a lo'l'

—%klnetj iacse C @



Incremen{ing a l(-'oi{' Coun+&f1 C_OS'I' o-e V\k'mcreme,n-l's?
COS"’-’-’:H:L;‘I'S 'PI!PPQJ o‘?ﬁ (42)
t1ojof111(1(111(1111110(o| &-=o0

J
t{ofof1 1111111111110 1] o=t

|l
t{ojoltf1f1{1{111({1(1][1]0] D=0

J
tTolol[tT1T1Tt Tt 1]ttt @10 @

2R R A A A A A A A A

110(110|0|0|lO0|O|O|O|lO|O|0| =0

(OLSSUW\Q, Max= |\\\\l.->

Cb - 'l'D‘l'a.l ﬂ-‘i's
d=9

Pd=lo

D=0
b=l

D=2



Incremen{ing Q l(-tﬁ{’ Coun+ef: C,OS'I' o-e n

cost = # bits flipped. j:r i

1

0

0

1

1

1

1

1

1

1

1

0

0

1

1

1

1

1

1

1

— |le—]| O

— < 1O

Q|| —

O|e|—

Q| |—

Q| |—

Q| |—

O|e|—

Qle|—

Ole]|—

O |e|—

O|e|—||o|<|[—]|o

2"
®=0
d=1

d=0

ncrements ?

(OLSSUW\Q, Max= |\\\\l.->

d) = 'l'D‘l'a.l ﬂ-‘i's
d=9
=1+ (10-9)=2

b-

———

0
¢=2+(0-10)=2
d=lo
C=1+(11-10)=2
D=1l
C= N+(2-1)=2
d=2 ®



Y SE¢ newmax(8) = n(k-)

A
C &
\/ é*f k-l PQ( ‘W,C_re'w‘%é




b = dotal #14's

First © ot posibion i+

1

0

0

1

1

1

1

1

Y LY

.3 2 |

2 E¢ nemax(&) = n(k-1)

G2 k-l pec increment

@



d): .:H:,oa.a.Jw\j i'S —>

b = dotal #14's

First © ot posibion i+

A
C:

2

?

}

o, 1 Cop o k=)

1

0

0

1

1

1

1

1

Y B LCRE

- 3

A |

C = L+l

2 E¢ nemax(&) = n(k-1)

G2 k-l pec increment

@



d): .:H:,ea.a.cjw\j i'S —>

b = dotal #14's

First © ot posibion i+

A
C:

2

?

}

o, 1 Cop o k=)

1

0

0

1

1

1

1

1

Y LY

- 3

A |

2 E¢ nemax(&) = n(k-1)

G2 k-l pec increment

/,c,:: L+
\A@: |-l

@



d): .:H:,ea.a.cjw\j i'S —>

b = dotal #14's

First © ot posibion i+

A
C:

2

?

}

o, 1 Cop o k=)

1

0

0

1

1

1

1

1

Y LY

- 3

A |

2 E¢ nemax(&) = n(k-1)

G2 k-l pec increment

Sl G

SE¢ vemax(E) = 2n
®

@



d>: *ﬂ%&]inj i's — 8: 2’ [ ) ”) | ... (UP +° k"‘) zé $ Y].Moo((é) - n(k-—l)

é»f k-1 per incremaent

@

b= dohal #1s  First 0 ok posbion trt 1 T80 2 (aluay)
t{oJof1]t]1]1]1

e+l -3 2 za$ vu-wwm(cf): I

®
But is dc £ S¢? —» w\w.‘l' o\o we cLe,cL?




d>: *ﬂ%&]inj i's — 8: 2’ [ ) ”) | ... (UP +° k"‘) zé $ Y].Moo((é) - n(k-—l)

b < k-l pec increment

@

= Jota 's - o cosibion i C = L+l A
D | &4 First © ot P ifon L+ <Acb= |_z‘§ c: 2 (a.lumjs)
tjofojtf{ty11|1

e+l -3 2 za$ vu-wwm(cf): I

But is Sc g5 ? (Zé: ZC‘*"d)v;"cbo)




Cb - "l'D"'a., ﬂ:i's

First © ot pos

1

0

0

1

1

1

1

1

YA

- 3 2

2 E¢ nemax(&) = n(k-1)

¢>£ k-1 per incremaent

@

ibon L+ <:;:-:LL‘§ c: 2 (a.lumjs)

S E¢ viemax(d) = 2w
®

BU"' 1S ZC < Zé 2 (Zé = ZC""’d)v;—d)o)
d)h>/0 Lot @o \no‘l' ne.cQSSarilj 0, so Cbn-cbo could be nega"’ivex



dD: *,eﬂ.a.cjiwj i's — 8: 2, [ ) ”) | ... (UP +° k"‘) zé $ Y].Moo((é) - n(k-—l)

L>£ k-1 per incremaent

@

d7=-|-o'|'alﬂ‘i's Firfl‘ O a‘(' Fosil"\on L+ /C: il ‘g 2.' 2 (a.lumjs)

\Acb= |-t

110

0

1

SRIRIN S&¢ vomox() = 2n

L+l -

But is Sec g Sc

3 2

? (Zé = Zc+d>\n—d)o>

d)h>/0 Lot @o \no‘l' chQSSarilj 0, so Cbn-'(bo could be nega"’ivex
=0 T ve ctart coont op Leowm zeco v



dD: *,eﬂ.a.cjiwj i's — 8: 2, [ ) ”) | ... (UP +° k"‘) zé $ Y].Moo((é) - n(k-—l)

b = +otal #1's First © o F°‘il’.‘°"‘ L+

t1ofoj1|1]1

11

L4l -0 - 03

But is Sc g5 ? (Zé: ZC‘*"d)v;"cbo)

A |

é»f k-1 per incremaent

@

Sl G

S E¢ viemax(d) = 2w
®

d)h>/0 Lot @o \no‘l' chQSSarilj 0, so Cbn-'(bo could be nega"’ivex
=0 T ve ctart coont op Leowm zeco v

D<k



D bleoding s —> 12,1, 0,0 (vpto ko)

b = dotal #1's

First © ot posibion i+

1

0

0

1

1

1

1

1

L+l

But is Secgse?

d)h>/0 Lot d)o \no‘l' chQSSarilj 0, so Cbn-cbo could be nega"’ivex
=0 T ve ctart coont op Leowm zeco v

3

A |

2 E¢ nemax(&) = n(k-1)

L>£ k-l pec increment

@

Sl G

28 RS vu-wmx(a) = W
®

(Zé = ZC-I— dDV,—d)o>



D bleoding s —> 12,1, 0,0 (vpto ko)

b = dotal #1's

First © ot posibion i+

1

0

0

1

1

1

1

1

L+l

But is Segse?

d)h>/0 Lot d)o \no‘l' chQSSarilj 0, so Cbn-cbo could be nega"’ivex
=0 T ve ctart coont op Leowm zeco v

3

A |

2 E¢ nemax(&) = n(k-1)

L»f k-1 pec increment

@

Sl G

SE¢ viemax(d) = 2w
®

(Zé = ZC-I— Cb\n"'d)o>

Dk > D-D, > -k - Sy Ic-k



D bleoding s —> 12,1, 0,0 (vpto ko)

Cb - "I'D"l'a«.' ﬂ‘i's

First © ot posibion i+

1

0

0

1

1

1

1

1

L+l

But is Sc g $e ?

d)h>/0 Lot d)o \no‘l' chQSSarilj 0, so Cbn-cbo could be nega"’ivex
=0 T ve ctart coont op Leowm zeco v

3

A |

2 E¢ nemax(&) = n(k-1)

L»f k-1 pec increment

@

Sl G

SE¢ viemax(E) = 2w
®

(Zé = ZC-I— dD\n—d>o>

d<k > D-D, » -k > SEy3Tc-k > Ze<k+2l



D bleoding s —> 12,1, 0,0 (vpto ko)

Cb - "I'D"l'a«.' ﬂ‘i's

First © ot posibion i+

1

0

0

1

1

1

1

1

L+l

But is Sc g $e ?

d)h>/0 Lot d)o \no‘l' chQSSarilj 0, so Cbn-cbo could be nega"’ivex
=0 T ve ctart coont op Leowm zeco v

3

A |

2 E¢ nemax(&) = n(k-1)

L»f k-1 pec increment

@

Sl G

SE¢ viemax(E) = 2w
®

(Zé = ZC-I— dD\n—d>o>

Dk > DDy » -k > T2yTe-k - Te<keslo
— > c £ k+2n



D bleoding s —> 12,1, 0,0 (vpto ko)

Cb - "I'D"l'a«.' ﬂ‘i's

FiTS‘l‘ O a:L Fosil—.\on Lt

1

0

0

1

1

1

1

1

L+l

But is Sc g $e ?

d)h>/0 Lot d)o \no‘l' chQSSarilj 0, so Cbn-cbo could be nega"’ivex
=0 T ve ctart coont op Leowm zeco v

3

A |

2 E¢ nemax(&) = n(k-1)

é»f k-1 per incremaent

@

Sl G

S E¢ viemax(d) = 2w
®

(Zé = ZC-I— dD\n—d>o>

<k — dD,,\—d)o>/—|< - S2335c-k — Sc < keSS
— > c £ k+2n -—??-en>|<12c§3n






IV\C‘(QW\QV\{;V\S /8 k-Li{’ CO\)V\"’?A’ Acc GUNTINVG



IV\CTQW\QWRV\ﬂ a k'L“" COUV\','@" ACC. GuUNTIN G

Evernj o1 w\“ CO$+ a: 92 ('\v\s-‘-gcﬂl °£ c=1)
USQ -(-\,,¢ Q)(-er i —I-o Pan -pof 1—»0 "PO\" ‘\'\’\Q sawme Ll"“ (.Qo:l'er)



IV\CTQW\QWRV\ﬂ a k'L“" COUV\','@" ACC. GuUNTIN G

Evernj o1 w\“ CO$+ a: 92 ('\v\s-l-gcul °£ c=1)
USQ -(-\,,¢ Q)(-er i —I-o Pan -pof 1—»0 "PO\" ‘\'\’\Q sawme Ll"“ (.Qo:l'er)

L’) 150 wll cost czo

BANK

N —
D
i
i
[
[
L

YR



IV\CTQW\QWRV\ﬂ a k'L“" COUV\','@" ACC. GuUNTIN G

Evernj o1 w\“ CO$+ a: 92 ('\v\s-‘-gcﬂl °£ c=1)
USQ -(-\,,¢ Q)(-er i —I-o Pat] -pof 1—»0 "PO\" ‘\'\’\Q sawme Ll'l" (.Qo:l'er)

L’) 150 wll cost czo

BANK

t4] - - -3 2 !







Aggregate method: Just count everything

* relies on full understanding of operation types, frequencies, costs
* not always possible
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