"IN PART I OF THE (OVRSE wWE DEVELOPED A
FRAMEWORK FOR STUDYING TWUE QUGSTION: WHAT FUNCTIONS
AND LANGUAGES ARE (OMPUTABLE AND wWHICH oNES AKE
NOT 7 TWs LED TO TWE CHARACTECIRATION OF ALl

LANGUAGES As - RECUKS\WVE RE, NoT KE.

IN PART Tl | WE STUDIED THE FOUOWING QUESTION

WWCH Of THE KewSwve LANGUAYES ARE Eenusnmy
REOYMRABLE 7 TWu LED TO THE STUdy OoF P

(THE CLASS OF POLNNOMIALLY pEQDARLE LAN(.w\jEs) AND
NP (THE CiLAss Of POULNOMALLY VE/QEIARLE LANﬁvAagS,
THE LANMGUASES W P ARE | ROVSHLY SPEAKING THE
LANQVASES TRAT CAN BE EFFICIBNTLY REWIMIRED.

WE SAW TRAT MANY LANGUAgEs IN NP ARE

NP- CcOMPLETE | AND TWHUS ?KOBABL\, NOYT IN P

IN PART III  WE WANT TO ’Tfl\( {© DEVEWP TOOLS
Fofe SUOWING TWAT CERTAIN LANYUAGES / £ NCTIONS
ARE SOLVABLE (N POLYTIME . WE \WiLL STUPY T™WO

VE®Y (OMMON  METHODS, THE JREEDY METHOD AND



DYNAMN IC PROJRAMMIN G,
THESE METHODS ARE ALYORITHMIC TRCHNIQUES
TAAT (AW BE APPLIBD TO A WIDE VARIETY of

- PROBLEMS TD qivE  POLYNOMIAL T\ME ALGO RITHMS,



GQREEDY ALGOR ITHMS

WE WILL START WwWIiTd AN EXAM?LE' T™E

UMMM _SPANNIVE TREE PROBLEM.
DEF' NS

LET G BE AN UNDIRECTED GRAH. G =(VE)

THE OEQREE OF A VERTEY. veV 15 THE WNUMBER Of
EDGES TOUCAWNG v.

A ehew BETWEEN vV V, s A SEQENCE v v, ..v,
SUCA TANT  (V; Vi, )e € Vi

5 1S cONVWEBLIED ¢ THERE 1S A PATH WV % BerwE eV
EVEAY TWO D TWNCT VERTUGS W .

G 15 Acqene iF T HAs NO eyel@sS. (A oyeLe
1S A WOSED PATH V\Vp..V,V, N G.)

A “TREE s A (ONNBLTED ALCLIC GRAMH

A sepumwie TREE OF A (ONNEQED 9RAPY 2
1S A SUBSET T SE vl THAT (V,T) 15 A TREE.




LEMMA EVERY TREE WiTH N NoDES /VEATICES WAS

ExactLy n-\  EDGES.

DEE'N
LET 9 BE A TRAPH (atw,e) WHERE EALH ED9E

R.e€ RBAs AN AMOUATED WOST c(€;)

THEN A MINIMVUM SPANNING TREE FOR q s A
SINVNWG TREE |, T, FOR G SUCH TRAT

FOR. ANY OTHER, SPANMNG TREE FOR %, T')'
(1) 1)
WRERE  CLT) 16 TAE SUM OF THE (os1s OF THE GOGES W T.




MST _(MiNumum SIANNING TREE) PROBLEM
GWEN A CONNECTED GRATH  G=(VE) | n VERTICES,
M GDGES, AND EDGE WSTE ()., e,) |

FIND A MINIMUM s@Aunms TREE Fo@L c}.

REVSKAL S GRE €Oy ALSORITHM

l. SORT BDQES 50 TAAT
UYL LULY & ... € CR,)
2. INRALWE TREGE T = Ur\p'l'\]

3. FOR L=)...m

Aob EPYE €. 10 T AS LoNG As NO “
CHCLE 1S CAEATED, (OTAEUWKE DO NOT ADD € TO r)

Y. ovrtputr T,

WHAT 15 RUNT\WME?
WRAT ALE DATA STRUCIVRES USED !
Now TO TEST FOR A oyLLE?



DATA STRVUCTVRES

I. T s A sET of EPRGES

2. D 15 AN ARRAY, DU), .., Dn)
D KEEPS TRACK OF THE ONNEGZED (OMIONENTS oF (V,T)

LY =00]) (A steP i) FF L AMD j W SAME (QMPONENVT.

N 0 STAIL
SOy EDGES 0 ()¢ &)< c(e.)
Te«d Im\ha\\%- T
FOR =) ...n
D)<t il’m\\u\;},{, 0
END FOR
FOR L®)..m

Ass1gN 170 r AND S THE ENDIOWTS OF ¢
IF Plrl % D) THEW

TeTuied
KO Ir Momly € was
FOR j=1..N [ ND QT T
CF DL',);L THEN | AND MERYE THE CQNNEXED
ek
e ‘1;[4 (OMIONENTS (ONTANING -
D FOR | r,s w0 oNE
J ONNGLTED (oMPONEN)

END IF |
- END FOR



I sortvg TAKES TME OCmlsgm)

1. INw.muiE D, o(n)

3. MAW WOP: n-! mu{,ts, EACH MBAGE TAKES 0(:\) sSTEPS
PLus  M-n+l S1EPs For NONMENGES

= o) + obn)
1 Tore) = p(mltjm) ¢ Okm) H)Q\\* ()(,,13 = O(Ml«Jn% r\t.)
= Po{Time o),
0re 0(n" log n)
(ORRECINESS

WE WANT T0 swow THAT T OUTPUT BY YRVSKAL'S
AgORLTAM 1S A M. SPANNING TREE FOR G

WE WilL SAOW! FOR EMA STEP oF Loof, THE SET T
OF EDAES (56 FAL) CAN BE EVTENDED T0 A MST
USiwe ONw THE REMAINING €EOGES NOT VET

LONSIDEREN.




\

DEFWAON A SET T OF EPYES IS PROMISING AFTER
STARGE L If T CAN BE EXPAMDED TO A MST fOR G
VSWe E60GES From 1e, ...e_.i.

TRAT s F TREAE 8 N MsT T." SV TAAT Ts T . <Tuj¢m” "S‘

LEMMA 4 FOR O¢i¢m LET T, BE THE VAWE
OF T AMER { stBPS. (NTER EXAMINVG €..¢ ]
TAEN  P() WOLDS ROR. ALL L, a¢ism

PUY: T, 15 PROMIING AFTER STAYE i

THE PROOF USES TWE mewwj LEMMA

EXCANNGE LEMMA |
LEY & BE ONNECIED. LET T, BE Am{ srmmmj
TREE Of q AND T, BE A SET OF ED4ES NOT

CONTANING A (YCLE. THEN FOR EVERY EOGE e£T -T,
THELE 8 AN €EDQE € 6 T-T, such THAT T vig-fe'} =
N e/

A SOANN e TMEE OF ?‘ \ | T
EY~N~\0LE
) ?7 RO
A




Prooe O0F CYCMANGE EMMA

P T, T, AS N LEMMA, Q,:smwmug TREE
T.: SET OF GOGES NO < CLE

LET eeT-T, | sAy er(uv)
SWCE TWERE 1S A PATH FROM W toVv n T,,
T, viel dAs A SImILE oNelE ¢
pwo C 5 HE N OMPLE WE W Tuie}
SWCE T, Afelic | 3¢ ON ¢ THAT 15 NOT N T,
HENLE @ eT -T,
PEMRVING A SINGLE EDGE OF ¢ FROM T, vtel
LEAUES RESULTING 4RAMM  AujCLic BUT (ONNECTED

LT - s A sPANNING TABE OF g




PROOY OF LEMMA 4
BY INDULTION oN L wWe'LL SHow THAT Plu) Houds .

Plo) Ay
IND STEP LET O0Si<m  AND AWUME PL)

)

SINCE T, Paomsnma AFTER STEP L LET Tm BRE MST

ST T.€ T s VTR, - Cn

@ I¢ Tye, ONTANS A cyug, THEN €a, REJECTED
AND &, nNoT v Topy EITURR SO

CM" f’fl’ ‘Ti..." 1y, - QM}

@O‘l@\SE 2., 5 ADDED To T.. T‘.‘.zT‘:uea'

16 QueT,, nen TS Topr & 1€ .. 3.
OTHEAWKE ¢, & Tgpy . THEN By euﬁAng LEMMA |
3 AN enge € & Ton= T, SVCH THAT
T = T,,"utec,,g-ze,-} 15 A SIANNWE TREE,

CLEARLY  Tus T s T ule,, . e}

O T' s A MST BECAWE T sTuig,. 6

AND Q.e‘l;'T Ty 50 jdit1 gy cle,,)scce))
AWe Thus ot (T) < ¢(g,,) edley) ~cte,) s o5t Tyoe),

. 4




gREEDM AgﬁoRnHM: Rict weL wewW

I. SORT (NPUT DATA N SOME WAY

2. ALGORITHM  BUILDS UP A SOLUTION, ONE
STAGE AT A T\

AT - €A STAQE | WE HAVE A PMRTIAL SOWTION

AT ENCW STA«JE , MAKE SOME DECISION

(usw\wl To IMLUDE OR EXUWURE (IME &LEMENT
FROM soumo»l)

NEVEA BALTRACK OR CHANGE OV AMUND,

AREEDY ALGORITHM  ANAYSIS ~ WIGH LEVEL VIEW

SWow  FOR EACH STAQE
TRAT PARDIAL SOHLUTION SO FAR IS PROMIS wg

(ie. TRAT 11 CAN BE EXIBNDED 70 AN OPTIMPAL
JOLUTION VSING ELEMENTS THKT WAVE NOT NET

REEN mNs;omeu)

t

By wbUCtow oN L. , |
AARD PAKT : IF Sp,; DOES NOT ExTEND Sq,, NEEQ TO

(How ROW TO MODIEN  Sppp TO So,',‘

ST, Sy % ALSD OFTIMAL AND ExTENDS S;, .




A GREEDY ALGOR\TUM FOR SUABOULING T0BS WiTH
DEADLWES AND PROFITS

gvevt - (d q) (d,,9), ..., (d. 9.)

n \obs _ one processor

Cach takes one time unit

q, s Profit from job ( .

d. is deadline for jobo L (must be wmpleted by thime unit d;

or No profit
R ScMEDULE S 15 an array  SU) S() .. s(n)

) 6291,.-n] is )ob scheduled for time unit t
SW)* 0 means wo job scheduled for bme unet t

\

S s {easble f |
@) S@)=i>0 > ted (Ve wheduled ob meets its deadiwe)
b) x4, and S(E)N 0 =D sit) slt,)
(con schedule & job at most once)

The pnfit of a feasible Schedule S | P(s) =Gyt -* Jan

Oviput: A. feasible schedule S whose profit  Ps)
is optimal (a5 lage as possibie)

4

(17 LEOR

SoRT Jo8s v/ ORDER OF womwusasmv moﬁrs g,"g‘;.. é,“
INIEWMURE SU)ss2)=..> Sn)=D
LONSIDER .)obs ONE AT A\nma e.-,Nn
Ié job i can ‘be GmubL’ Mdcd odd {'o S
i the latest posibie feo,ﬁuc. slot




EXAMPLE
Job 1: 4&' 3 q' = 9
Jeb 2: dr2 g :7 | =
Job 3: d:3 9,
Job - qu: rg,:2
) Mw s3) “‘0‘
3[271J0 ] #9): nug-23

T sbedile ovtput by the greedy algordhm is ophmal
(has lamest progit). |
Prost of fhemdm

A schedule § wrends (fanbie) suhedule S iff
Vit lsksn € su-.)w thea §'(4)=slt)

A ‘w'ﬁ_ﬂdul@ i vamnn\ after staqe L
‘K % cen be Lutenddd to “an opbmal ﬁ'.o.s\uc
Whetwie. by adding °"“1 jobs - 3. ..,n3

Lgmeea  Let S be the value of S affer stages
0t the areedy o.laon{km Then Vi Osicn s s
Promising after stage (.

Y
s ampledts the poef of theortm. o



Proot o€ Lemma.

S, s Promm‘nj,

For induchve step assume that  PLO) helds: fhat s, S,
18 promuing after ([ slages , 0sis

To show Plir)) -
By WBVIWE ASSUMPTION S. (AN BE gx1GVDED To Sopr

Uhing Only jobs from  {in .nj

Casa 1 Job Ci)  cannot be Sheduled g0 S'a‘=SL
Then S"t extends S, vsing -jobs from 31 n3

Case M C\'d.o ) s scheduled b qre alr’, at time l:.
WRER &, 15 latest 4vee slot S, that 8 ‘¢ de.,

G_QA Job el occurs in SQ” at seme btime t‘
Then ¢4, because Sop teends S and t, @ lorge o
Poss yle.

Uearly € £2t, Wt art deat sing Sopt ttends S,
Otherwue bt <t . Form S.;,. lo~1 mierchang ing
velaes T slets t oand &, .

“Is Rs’cw.,ophmd, | S 3] [l T T77
and Ws. S, vs’ma &m..nf. s, BETREETE

5."' EU 11912]5l6(®

Sop




Case. 18

Job Gh1 scheduled by qreedy algonthm at Hime ¢,
Where &, is lakest free slot in § that i < diy,

ond  Job (4t cloes NoF Ocur yn Sopt .

Detine Soﬁ te be same aj So,,/)vutft at time t,
wWhere S ape () =Ll .

Then S°" \easible and exkends s us.mj only i(}z..hf_
Ato S optimal : |

Lt Sulb)=0 | PlSy) = Pls,)4 9, > P(So)

% S,'t((,)zé». hen CH g6 %% 9u,

Thus P(s.;*\ - p(,s,”\ +9., ~ 9, P(Sope).

Restimg

Sb‘auﬂs_ ’s o(nlt‘.yb
Plus o)

. olnY)  totall.



