CMsc 451 - Algorithm Desipn
Lectute 5~ Gireedy Algorithms Tor Schedvling

Disorete Op’t\miza‘tion:
Compu\'tc a discrete structure o][ agivcn class
(cg. ,svbset , tree, path, pcy-l:itaon) to
W\ax'\mizc/minimi%e acgiwm OloJe,d'i\/c Fonction
(e,cg. , wst, distance, size) Jul)\juf Yo a given set
of constraints (Cg. ) diJ\'\ointv\ag) connected ness,

completeness .

A Feasible solution satufies all cnstraints
An optimal solution is Jeasible and
W\ax/mimmizes the DL)JCC{—I'\I( qunciiovx
Cxawmple :
Min. Spenm%a Tree: Given a WHHCC{'ea)ucgl\tfc\
gmp\f\ Compute:
structure — SulaJcJ( o{: C(Jé)u
o\o\iedwc — min. total weéf'\ht
constraints - (,ovw\cdcc],) acvc,{c)
Covey al\ vertices



Commonn Strstegies:
- Brute-force seardn —Tﬁeal\ poui'o'\lif\'u - Slow!
- Loca\ searda- Find an mit. feasihle solution +
fepea’td\\& moke small improvements
-D%\«\am'\c, pﬂgrammivg - (Future \edu»fes>
- Greed Y- Ruld 3 solution lo\& \Fcpeefcc\i
odditions (never vevokdd /rc\/emec])
Céc\/\ \oach own \:)ut Choice
Ju\oded' o wumstraintsy
Eeg‘ Kruskals MsT a(lgoviﬂ/\w\
(6dd win, weght e;léye, that

doemt @vie a cbc\c,)

—“/\'\& |€LJ[we= 'che &c\/\c&uligg Pro\a\cvm
- Tuterval Sc,\r\eéuling
- Tuterval 'Par‘t'\omvg
- Schedvle To minimize lateness

Totervs| Jclf\ec\u|iv<\§:

Given a set Rz‘ln...fv\s of rc:gvuts, eacl, Lu‘v(\g an
MtOrval e =LSL ,};1 Lompu[tc 3 Au‘ojct of
nov\-ovex\appiv(\g ref()ue,sts o'f Max. Cérclir\ali‘to

Applicstion: Sc\r\cdulivg events ot o :facilita



3 reques ts

ExAmplat /‘ satistied
Requests: Possible solution: {2, 6,8} Also: {5)6)83
L1 |
2
L3 |
L4 |
6] 6
Time Time 8

v
v

Grceéna Appmac‘/\- Select o rez()uest that does wot

ooV\ﬂiCt ui‘H/\ prim‘ JCICChDY\ + MIN. SoMe Measuye:

- Earliest Start - \(C%uat with smallest start g

- Earliest Finish - ' ) finish , fi
- Sl\ov-'tes't Purstion - " ) ) durstion )J‘;-Sg
- MW\ LOV\f'iC-tJ = OVCW\BPJ fewat GVV\OVg re,ma'm'wg
re%uats
Op‘t'\ma\?
- Earliest Start - X =
- Earliest Finish - - Exerase: Find
- Shortest Durstion - X = countcfwéw\\ola

- Min wonflicts - X “



Earl

iest Finis\/\ First :

Zreedy- wbervol-sched (s, 1)
sorl vequests L‘a_ ¥ - times

prcv Finush « -
'fof (= \ o n)

| prevFinish « {11

S« ?5 // it C\ijfa sc‘/\cAulc

i (sLia» prev qu\\) // no conflict?
oppend 1 o 8 . schedule it

Exavv\p\c,: (Presocted \03 'Fin'u\n t'\mu)

— Add 1 (skip 2:3) - Add 4 (skip 5,76) - Add 7 (skip EE)
2 2
3] 3 3
| ] | 5] 5
6

ing T :
P\uvmw(\) tiwe

&

Oln l%g n) - sort

Jn) - remaining procesiing

i

Gnlogn )
tota



Correctness:
Must show: Feas'uloil\t\e - A wlid schedule (o covithicts)
Optime\i’c\&- Maximzes no. of ret{)uests

F&Sﬁbil}ttez Easa- l\)O {‘eteueft \S JL‘/\CAU\(A Until
5&@ pPrev re%uu‘t -Fiv\is‘n&s
Opt\mal'\’c'a: Not so ey, - Lets do this rié;arowl\a.

et O (x,,... ,'xk) boe any. opti ma\ s«.]r\ul,ule
(wwa \ge mev\(,\)
et (’\=<%U"‘)%\(’> boe EFFéjreeJ\& SL"\CQI,ulC
(k' 2k)
I‘Q G;‘-‘- d, were Aone!
otherwise , let J be smallest index 4.t X #9\\
- G\& dc{ih\f\ovf\ of EFF, {[33‘] < {[’XC)]
- Form Q New Jckeéule O/ \ma v‘e‘o\eciv\g
X \m’&- i Seill 'FCBS\‘O\C + Sme Se

O: 71 Lo || Tj—1 || Xy Tjt1 || Tj42
(G: L1 T2 eeo| Tj—1 (| 95 || 95+1 || 9j+2
O |71 T2 oo Tj—1 || 95 Li+1l || Lj+2

Repeet (\«\'\C\AW\ ihc\,UCtion) unt\l Om’; G = é: \JS op'time\
H



Nb;tt p(‘ololom:
Thiterval Partftiowivg: \Sumoase We L\ave N - man
(esources \‘/)q‘t t‘/\uo cost $“
Want Yo sat\'s{& all rc%uests with fewest resources
?rb\o\CW:

Given a b R- {f‘)m,rhg of rquuests>
eadh with stavt/finish times s, /f; |
partition R wto the smellest num.
of sekbs B,,..,Ry such thet al\

vequests in R ave pairuise v\ov\-c,omclidiva:'

Examp\c: d=3
R : [

1 3
1 2 1
2 1 1
3 113
. _ 1
time time

P
>

v

This is on Qevv\\olc wlorivc\sd -
Given » set of objects + o conflict velstion,
partition wto emallest number of conflict-
free subsets

Numloex O'F SUtSCJt3 = (;o\ovivc\é)’ V\vm\oc\f



éwap\n (o lov‘wg 3

Grraph w\owivg s NP-hard bt

'mtc,we\ co\ofwg \$ W\U(JA asiey .

C‘rrecJ\a \Stra'l:ga $or Tuiterval Partitioning
@)
lowest A\Ié\\e\o\e Color

(g‘rccdg-iwtc\rvdl- pef'titiom (&, () // s= starl

—<ort \o\& start tiwmes ) §= f]‘nisl\
'F_of_‘ Cie{l+on)
X< @ 7 X =excuded wlors

for (\)é‘ | Yo L—\)

f_([sj,ﬂ] ovar\aPJ Ls, )f\--n
| add wlor[)) o X

| color[L) e smallest olor ot in X

returmn wlov arre )




Example:

] 2 ’_l I
2 10
1 [

313 E

L]
time - tlme >

X-123% J

,E/SW\e\\ est é\)é‘l\é\o\g, =1
RUY\V‘.“Qg TiYV\cz

;g{ - Sortivg - O(V‘\‘ég n) o(“‘t)
33 - 2 nested loops L.wnws 1.0\ Yota)

= Zi:(t-\) = O0(n*)

There is smarter approach
that vuns in On) Hime after
Jov*t‘wg - See \eciure, noley.

Corfe,cfnc_ssz Necé to s‘/\ow
-'FcaS\L'\"\JC‘é - Obvious (AUO\A COV\H\'Ctigo' colors)
-Dpt‘maht\e - 7?



QP‘timalitta— APPI‘OECJ/\
- ’_Dcf’me a statistic - &ep’c\/\
- |.ower lOouv\é - Ana Jolution W\UJ{'
ufe 2 c\/CPfL wlovs

- Lkppef bound - é[reeég) 6(%0«&&\4«

vies < éept wlovs

= (:\rc’,e,cltar is opti\ma\

De,ot\n— Given \rcabue,st set R‘ {f'. ,w)rng, "g‘tsn{:(]
+ time t define
clept\nR(t)= m. jtervals ovarlap t
| {iltels Ry

depth(t) =3

A

time _ time |t
and: dcpt\/\ (‘R) = ?78)( Q\,Cptlﬂp_('t)

Cearly, oll \(‘C(()U&SJCS Low‘t'llauhyc\g to 60;9“/\ wnflict ..

Lewmd: For ame é—u)\oriv(\éa’ o(' R, a2 c\ep'l:h (’R)




The 'Fa“owi%rf impha tlnatéjrecég s op'tiv“a\

Lemma: The grceém& aliwi‘chm (gemere‘tu 3
where Q < ée,}otlx\(R)

A—crolo«ivc\g,

?{'vo'f: Sumoase +owasz Q con‘tfé é'\g{iov\ t\/\é't the
;o a'ﬁﬁt time S wb\emgmeé\a uies Mmove

‘t\l\évx de'otlnk(sﬂ wlo.

3

Consider time T \)uft prior 1‘0 § U

dept‘nk(s 1) = c]epth(t)*l@

Gl
~ .

Lot d = V\Um.éjreeég wlors st -t
timc 1. Sine S, s ﬂ\e \[irst CYroy :

d ¢ degth, ) ©

T\r\us) tl'\cwe are. d 6)cc|ué€A wlors in X

when s; s Procasscl. Timplies that
greee\a uses o o
dt1 £ depth, (811 = depth ()

Contrdéiciiv(\g hm) ‘tl/\e't ercor at g 0O



??? Q: I€ requests Were Sort(’&l bv &
d'\«wi%\t oniterion ) would tae
é\gorﬁ\'\vn still be opt\' mal 7
R Can we W\oéifa tlr\is to wlor
graphs 7 (NP- hatd!)

Scl\céuhvg To Mimmize | aten ess

- Tasks vather than TC%uC&t'S - X Smc,...x“%

- Exewtion time- t¢
~ Deadline - &;

- App“@twn — How\euo\rk aSJibo'V\W\tV\'tJ

O\o\')e,ctwc:
- COV\APUC\"Q start times S={s,’...,sn3 s.t.
~ Tasks do net ovcwlap Ls; 1. -.\“[55 )'&1:}5
where F= g4t
- M'mimi%e \6f6ness - max. dcac\line. eXLSS

'Qi ) MAX(O"{‘_J") How for \\oeﬂoné
'H/\C e\caé ‘iﬁc_ J\A
mox. lsteness: you finish?

LGS = max ,Q(

1 sién

M\/C\aaw woret deadlive

X (LSS (wot sum)



Input: Possible solution: Optimal solution:

b, 53 ]T3 s1 f1

. BT [+

1 2 | max lateness

e Jemm=

— [T Lk
= max lateness 4] I

time dll d'2 dlg d|4 d|5 dll dIQ dlg d|4 dl5 dl1 d|2 dl?, dl4 dIS

é(rceéucx} approao\/\

— \S(J/\cclule, \oascC\ on fomél Lrijre\riuvs

- Shortest dugstion firct - Sort \m&'tt X
- Esrliest deadline Jcirs't~ Sort \1,3 d,
= Smallest slack fint - Soct ‘og J;-t; X

gﬁeﬂ)&- lstencss-sched (1 ) d)
soct by deadlines (d,%..¢dn)
Pfc\f Finulu— O // whc\n prc\/ fesk Jcimslneé
Dior_Q‘— | o V\3
S € prev Finish // start after Prc,\/ 'Fimsln
prev Finishef e scvty / update finish
L, & max (o, £;- ;) /] \ateness
retomn Ls, o 80 Lemex §; /7 cetyn start times




Ruv\mv\g ﬂmv
- Sortig - Q(nlgv\) }’Totel: O(V\lgh)
- Prowssiwg- Oln)

Corre,cfnc.ss: Necé to sb\ow
—Feas\\oi\:\’cté - €asy - No comqidtiv%g tasks
‘Dpttvv\al\t\e - 77

Lemma: T\r\egreec)a a|<§orithm Mminimzes May.
la“:w\ess.

?roo'F! We me I'lm'\t (,om'\écre’tioy\ o
;c\(\eéﬁes that are slack-free”
= 10 giops betvseen tasks. CGmcég
\$ \s\éc\(-{:\ree)

- let O be ony |®chess-opt’|ma| ,
slack-free <chedule .
-~ TF O is deadline sorted - wéve done! 0+(
- O.W. \ch X ¥ %\) loc {imt (,ov\secu{'\\lﬁ
PaIr not in deadline order dﬂd\j
= Ll swayp them + show thet

WX |th(,l/\€$5 G_h on la ACCY‘&&SC-



d; d; ¢ d; d; t £
o ti o tj b
: G

eee| 2 ] : ] 2
IR 8
0 G

f L .4

g
- Let Q?a— L e latenesses loelco\rc Swsp
Q? + Q‘; . after swap
- These ore the onl\g lotenesses affected

" Ll Ao show 8 SLWp mproves
J J Y
wen (L0 08 ) € wan (1, 0] ) "o e

- Let t be wrrent time
- For J'\W\phd\f\a »y QIUMme o\g*o)\') paSS&Jf ol\')< CJL <t

( Excerdse- Fix this ) G Loe @an ignore
O
- Olbsueve : max
J o
0, =@+t)-d; Ly Certet))d;
Since dﬂc!j ¥ 'l:;)ZO 5
L = (et ) b-dy > (Erta)-d = 4
= vv\ax(Q;a,Q;)= ﬂ.?
- A\SO?
P J
L.=(t+ ’cpti)‘c\; <(t+’c;+tj)~éd=ﬁj
U5 st +t)-d; € (eetivt)-d5= 47
— Thus:
6 6 o 0 o o
Mmax (l.-“!zj )¢ W\X)‘(«QJ ),Q.) ) = VVlb‘X(l; ),QJ ) |



Su\mmera 3%MP|63 O-F dreecl‘& Jo'u‘hons
Yo an\‘ole sched ?néf Pro\o emd,

Tutervol sJ\e,c\.uliveg— Earliest finich first

Iy\tewe\ Par‘titiomnd- Sme“es‘t euaileuc Lolor

Miv\'\m\%'w(\ér Max Lateness- Earlist cle-éc)liv\c TC‘VS‘E
G All O'(n\'zg n)



