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OPT(I) OPT(T) S  am-

(Or cad o differedt way, we can tgrore Y
&obs 1, .., )

T, we v st b o job is shorto

thaw job Ko Ty wll be uud Case 2L below.



Case | P,Q-"é— oPT
Swdlady o Ha pregf of Thw 25
P_

AR //////f

A\

< 0pT + (I- %) P
;0P -

IN

OPT+ (I —l,q)

<$ &M)OPT

|

Cas. 2 D> 5 0PT
In tais cos, alk d‘obs ar (ovlgcf tHhay ‘};OPT.
Henee, t OFT's sdudule, each maduwae  has
ak most d‘obs, te, Nzam.
Claam + |In His  case LPT = OPT.
Froof of clam: Exeres 22




From ~ta (Jfood 01 Thm . ¥ we Larnd
e | py>zorT, LPT= 0T
. OJt&ﬂrwN) J\PT<%OPT.

Con wt balance Hu two cauws  betks 2

What o) we st schuduls ol d‘ob& of Loﬂé‘ik of  lgast
‘n'(OPT op‘h‘mdha') andl Hun  wul LPT Qfa Hu r(max‘w:g
J‘obs? (W hot OPPIOX. Ja@far wodd e obtaind 2

lengie. 7 g OPT
"

Wadd Hu schadude  of Hw (ona jobs have to ke gphmal
to ackwevt thls Qpprox. daclw?



From twe proof of The. 23 we lamd
I pe> 50T, LPT=0PT
» Otturuist, JPT < SOPT.
Con wt balance e two cans  betks 2
What o e rst schuduls dl gobs of Lot at Last
T 0PT opt‘mdwa,) and than que LT Je ‘(‘ﬁ:\r(maxwg
Jobs
l({ Huo (ot dOb 1o (f\‘u\ék S Qa (013 d‘ob)

Cwax = OFT

sine Hu lony  joos are schuduled  cphimally .
Othurwiss

Crog  OPT+ (1-%) P, byt prof of Thm. s

< O\OT+(|"’?Ln)'TOPT

2.
= g OFT

Wodd Ho schudule  of tha long Jobs hae to ke gphmdl
No) o —?— approx. wadd éuJ:HCL:
[ Hw lost %‘ob fo fuse s a log Job,

Cwgx = ' OPT
Oﬂwwm)

Coge < OPT+ Py < 5 0PT,

Thes  Sedas Hhae e JW a PTAS ..



- Sdududs long  jobs (> &-0°T) Using Mmdi/té ond  dyn. frg.
= Cuax < (1) OPT

. Add short jobs (<& 0PT) to Hu schudule usty  HPT.
= Coox < (IH)0PT



Exercise. QX
[ p7 30T, &PT =OFT

P{oo :

N <M
?l // A Ssume OlOr Hu gake zf Comtradichm
; /éﬁ o;7p > O, ond  comsides  an
; /// f// optimal  schududs .

™

[n that sduolude  no two  ~d d’obs are_ COWb‘r\m(,
onadl. (S Nnot combmwk wmHe & PCO( d"ob.

FWH/WMNL no bl A‘ob Cov |0¢ Comloinud. wt
a red (lo(o Sinee. Hw d‘obs o~ of  leayt

o4 LCJB& (<3N
‘I’lmg) AV | = d‘o(as st b schudwdad oy

&fﬁf@k machhiug ) ond gy Cannot e comlornd  unte
or oy og Hu &(m—j) blus A’Obé‘

This %wm a total 0£ é)(ﬂ«-“ &‘obg thed  tpungt be

schdudud o m'& maduiars
MS) Hurx st b o madwu  uath of Least

Huer Of e do(oé Hut eadh hat a & Qf
7P 5 OPT.
Hwe,  Hu maduu has o ol load > OpT A




Exaaist: Gk an stnce T, whae L8(T) = (2-%) 0PT.

To prove. LS £ (&-r‘%)-op’r(‘f)} we uudk

. OPT?‘MP’ For L5=0FT, oL C/Ug{wzﬂ?h‘f\)
0 wd to be ‘h‘é‘df
« UPT 2
P Lo oPT
¢ LS < &Wﬁ’“—“" * D
o £
p—max P"W P'VW‘: "
m-(m-1) x [
| x [_m ]
LS OPT:
Am-|
S
|
" ,,H{
e —



“ Section 3.2 Hob,span 5duomi£ng - A PTAS

Sl of PTAY;

| Schudude (on% Jobs (> £-0PT) MS\‘né fmmdi/\g) ond d‘dﬂ‘ 13-
= Cuox < (It€)OPT

2. Add o Hu schudule usig
= Cuay < (I+€)0PT

How 1o Cdf/vh‘(‘% l.Oﬂ% /&V\m{’ d‘obs whun we don't
Prow  0PT 2

« We o
ensuse Hu RPPYOX. Cfac:faf, For Hus pwrpese
we Codd  Um any (ows bownd  on. 0FT
bk P,

v Sutk we also nud tHw (ovxa Jolos to bez e 0fT
o erwtt Hu running B .



We  yall olwdop o Aom.h) og ofisod%ms wite  an
Olgon m 6h Jor each. k€ 77 (5:“{(—)

écawduh‘na Hu [C!V\Da\ (}\Obﬁi

(1), Guss’ an optimal Makespin T
The low% s ar o longff thau %

() Kownd down eadn (iob s to Hu et
Mukbtpe of Az

(%) Use d«w prg. fo chuck whottws  cphmal
Mahsv)cw < T O[or rouaded Lon% Jobs.

Do binmg Sk, for T o0t tedord [L,U],
whert

= oo {, P S ond
L= [ % T ("‘_"‘)PMMJ )
whe P s tw ol st2e o (ovx?I Jobs.



6\< (T

(S‘r\cu% Seach  for T

| < MO\)("{H%W) me?\} U% ‘_%+(|-‘—M)PM‘M\{

(While L+W

T 5 [LtUl —

T "H"bjeil Pa‘>7‘<(§ 7 Updok sk of long oo

1'; «— T, wite  endh OEob Si romdd down 1o
arcdt  nMuddvpl oj’ %ez

< Use d;an- pra- o pack I,Z in - biny 0({ Sae T

I<\ #bhins € m
W< T —
L U
else | 'Ik’
L L «— T+ L\j W

S, schadude qf i Corresponding to Hat packing
Jousrd Dy dyn- prg- )

Sy <= schududr OX T, corrspondany to &

S <« schadude oj' T oObtacned b% adoh‘na
Short ()obs o & ULSN‘ng LPT




Oya_po. 08 Jor bin pockiy

5 p(accg <k jobs o codh machiu
oma b has s vk

.nuéusa(»m%‘ob\oﬁ/g)fadk&obmlz
o hey sl > /k

Thue M <k d&(‘w aolo 203 (N L,() sl no
dob (S OV\&U o
|6n(x Hu Coné%umbon oj & madwae can be

Pﬁpﬂémko( bta a  Uector <6l) 27 )‘SE")) ubre.
O<é& <k

IabkL (O):
<k dimmsions  (one dor eachs g2t v Ty )

Ml fows o dim. ¢ (ﬂ\:drﬁjrfms of Sk U 1‘2)
B(A,..., 1) = 1+ oin L B(nes,, .,y Ae=5,)]
3eh
ot min, #bim of it T W tdbs o pack

Ny vhemy O‘f 31 LAL 02i2k’.

Mf\é Ho

# 4ol entries: O(n®)

Time PO’ Odvg |‘@|

# (e rabioms a& whiks  (oop (OaaOA*L) < (0% ( Prrax)
2

\ﬁﬁv& NICTIE O((ﬂk}k'(og(f)mw»




A 'pproximddon rado

Whew B, tusinades Hu whike  loop,
mokegpan (S,) = T = OPT(T)

(Si/lC,L each 0£ e =k dobS on. o machiul  loses
< im Ha rouuto(ma :
makespon (&) < makespan(§) + ko

T
:T+k

= (1+%) oPT(T})

L
£ <,~+ K) OPT(I)) SiNce. I(QI) and
Hu gob stes e roundud  down
to obtwa T
Thas, ol H lagt dolo to stl«» & Q ona §ob,
b () < (1+%)0rT(T).

Otwwise, tu last job to fiaish  has

T _ Orr(@) |, Orr(m)
s %S Tk OT Ok

Henca, N
(b, (1) < OPT(T) + Pe = (1+7E)0PT

63 T M/a\fguwd :@

as  (n Hw anahjsu oS 1S

<o B
Thus, 0 bt cans ) B (T) < (Ht) OPT.



Thiorem 3% 0 0] s a PTAS

Proof
bt k= [‘5 Tlun,
Oc ochienes on approx d actor aj’ |te  wrie running oy

O (% Iy (pun)).

|| €el(), His is pdy 1t padt sl Sina

it takes > (o Prax ) oS fo represed Hu (SOb sizes.

‘{6‘0\73 s not a FPTAY | sl Hw (wning Bow
exporabial i g'

Notk. thok we did not  expect «  FPTAS, Sine

Hw  probm s as\ﬂm%gg NP*CWP(U{._-



The problem. is L%mvvah% NP- Compliie

Maaning Hat evn Hu spewal  case whwe

B f)ohanc/w‘aﬁ qr st. pMqu}(n), <}or oM L‘Apu} Castancd |
LS NP—covv\PLd—L,

(Thy muams thaek, 1 codmst o %napsad:)

3 pswdopobé. al«a.) wlass  P=NP.)

This CMPUQ ok 3|]FP17&5) wdiss P= NP

Assime to T codary Stk IFPTAS for Hu probum, (e,
El&wmba of gortiums 1A, €20, withy approx. Jactor |+€
00 (kg Noag. PG% i onood g

Considwr the spead case of Huw problom  whoe

3 pdynocal g St Pmgy < AQN <for ol (astanas

In this can, P =< niq@) = pn).

For ¢ = P(I—n) ,
- 'Z-‘- o . Sinex tHu (unning time of A s po(y n

= ond n, M(W«B tin of A s o paly o n.
- A@) £ (14 5m) OPTCT), Jor ony topd T

< OFT(T)+ |, Sl OPT(T) < = pen)

Thas,  staw A (T) s an%)ff) A (T) = 0PT(T).
|| P#NP, Hus  combadichs Hw ok that the
Pmbluw (s @Yov\%hé NP - Comploke .



