Approximation
Algorithm

iLIRA: HFI BRim
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B NP-Z=E=EHEiE

TRERIFNFIRERLE R
TRERERYL (DTM)

*E]:E% ﬁﬁEI’\J E@)\*D%%Rﬁ&ﬁm Deterministic Non-Deterministic
ERFITHIERAE T 1 T N\

1 v LN\

JEERERYL (NTM) ! s

IRELBIAANIIRSEES ., o .
HATRERIAITRIERME . N reject

2

1 X 'Laccept

Y e




B NP-Z=£=MHEE

PFONPa)ER

PR MWHEPE—IREBFE—NMAEEE RTMAI—1 SN

IUp, WFZARAMERKEANEISES], MEBEEEP(n)ZE RS

XNZEFINEE, (ZSRIUAIEATERE)

NPS[E): XTEFPHE—AREFE— M ERER E RTINFI—

PNEMIlp, W TZEBAUEREINRISER, NEBBEEP(N)Z

REEXNIZEFINEIE. (SLEUAER A SIER AR IETRTE)
ENTMEXIRNE— L EFE 2N EAE, NEIELAHIF=2R2r0f

.




B NP-Z=£=MHEE

1329 (Reduction)

XITFARRPFIQ, IMBFE— AT ERIRES, FEXT TR
PROE—SLHIx, #BP(x) = Q(f(x))

P<(Q
4 )

N

P input

—

o

/ P

>

D Tl P input
— )/

>

cIOU’E

J

N




B NP-Z=£=MHEE

NP A NPCZE|n)&n
NPC[a)&R

XNF—1Malfq, &:
qeNP
NP E—SCHy AT Z2 IRz AdiE) 329
WFRqAINP-complete (NPC) [aj&k
NP-hard|a]gR:

AR qTRE DRFA2MA—ERERMFT, WERgFRA
NP-hard (NPH) jal&

NP-completecNP-hard



B NP-SER {4

P. NP, NPHFINPCZERIKE

A
NP-Hard
NP-Complete
P = NP
= NP-Complete
P = NP
8




B NP-Z=£=MHEE

ERNPH AR E N EA
BRAEE:
T SETREENE, RZEICHE
HixEgeeE, HAiTESRIENREEEMELATRT
AIZEE;
BEFERRTHRSRMBEZ ANEEELEE, RZIFCHR
STIGFEHRENRTE, TEEREENES, WEHFIEFKEKX
TR
BRI REER, Frais=EiesiE
HeiTSRIEZERIEEERLOLEE, SiXiteEaitE LR
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CDNYrL AR b3

ZIT{

Knapsack, UFLP, Bin Packing
VLT :

Vertex Cover, Euclidean TSP, Steiner TreesZ
XELUFALL -

Graph Coloring, TSP, CliqueZE

10



»
>

> Local Search

Dynamic programming

» Deterministic rounding

Randomized rounding

The primal-dual method
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B EZOEA

RALEE:
OERE: BRESRIRZIERITEIEE
Bix: NEEHNRIERZ SRR

QL
Common Applications of

Greedy Algorithm

Fit algorithm in Fractional
memory management knapsack problem
@ Scheduling algorithms @ Mirllimum
spanning frees
Dijkstra shortest
path algorithm

@ Bin packing problem
Travelling salesman Eavolian fraciion
problem ayP

13



O N
. [yl U%—/ZE

EHELE

single mac

£ (Scheduling jobs with deadlines on a
nine) :

SN jobEAERMAIAY, (ElHfTaNEp;, B LAHEd

yREASET

/MUl FEREER

R RS AB TG,

EFRRREL:

min I-max= man=1,...,n Lj

Job 1 Job 2 Job 3

_ B .

0 2

3 7 Time

14



A -
B EZOEA

El/EUEE (Scheduling jobs with deadlines on a
single machine) :

Lemma1:33FjobRY{EAFES(Rigd(S) < 0), &A:

L’;’nax = T(S) + p(S) _ d(S)
HAR: Lo /NZA DRI S /LR

r(S) = min 7

jes
p(S) = zpj

jES
d(S) = rg_leasx d;
15



A -
RALEIA

E

BEM/EJERE (Scheduling jobs with deadlines on a

single machine) :

Theorem1: earliest due date (EDD) E—E{LIEL /9289
A
t < C],T(S) =1

J

p(S) =C —t=C—1(5),C <r(S)+pS)

LemmalF1 d(S) < 0
Liax = 7(S) +p(S) —d(S) =7(S) +p(S) = (;

e

Lnax 27 +p; —d; = —d,

y

Lmax — C] — d] < ZL;knax
16



AN o4
. J|=|\ILJ\7—I- ZE

Bl =

~ 1 ERESEE

BRI -
HIRES
(5% HER
HB=HIRk4

Hix:
B (ES AL HERRY BN
T, =IMECIHBEE

Virtual Machines

|||||||||||||||

[1]Tang X, Cao W, Tang H, et al. Cost-efficient workflow scheduling algorithm for

applications with deadline constraint on heterogeneous clouds[J]. IEEE Transactions
on Parallel and Distributed Systems, 2021, 33(9): 2079-2092.




AN 3
. [yl LEE

tj = succ(t;

succ(texit) = @

[1]Tang X, Cao W, Tang H, et al. Cost-efficient workflow scheduling algorithm for
applications with deadline constraint on heterogeneous clouds[J]. IEEE Transactions
on Parallel and Distributed Systems, 2021, 33(9): 2079-2092.

18



\ NG
LA

>m>

AR
(E==pag sk EST (tentry, vm;j) = 0.
(ESNITRTIAE): ET(t;,vm;) = d! /GSR(vm;) + MI; Jw(vm,)
+d? |GSW (vm;).
{E555chkRdIE]: EFT (t;,vm;) = EST(t;,vm;) + ET(t;,vm;)
= EST(t;,vm;) + d! JGSR(vm;)
+ MI; Jw(vm;) + d¥ |GSW (vm;).
(FETFHEntiapRE EST(t;,vm;) >Max{Available(vm;),

EFTH.EIH'HE“;} (tﬁu UlT g )} :

[1]Tang X, Cao W, Tang H, et al. Cost-efficient workflow scheduling algorithm for
applications with deadline constraint on heterogeneous clouds[J]. IEEE Transactions
on Parallel and Distributed Systems, 2021, 33(9): 2079-2092.
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A -
B EZOEA

(a)
| | i T T I | T |

0 0.25 0.5 0.75 ] 1.25 1.5 1.75 2 225 2.5 275 3
(b) | | | T T T T T T

0 0.25 0.5 0.75 1 1.25 1.5 1.75 2 225 2.5 275 3
(c) \

0 0.25 0.5 0.75 1 1.25 1.5 1.75 2 225 25 275 3

| _Shared time |

I:l Rented billing periods in the back layer D Not rented billing periods

I:I Current task D Assigned task

([ET(t;,vm;)/t] + 1) x c(vm;),
c(t;,vm;) = ¢ [ET(t;,vm;)/t]| X c(vm;),
([ET(t;,vm;)/t] — 1) x c(vm;).

[1]Tang X, Cao W, Tang H, et al. Cost-efficient workflow scheduling algorithm for
applications with deadline constraint on heterogeneous clouds[J]. IEEE Transactions
on Parallel and Distributed Systems, 2021, 33(9): 2079-2092.
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. J|=|\ILJ\7—I-IZE

AT RE X

ficBiR. &ML
Cost = Z XU(,..ITT?)

;€T g=1,.
( makespan < d_._
EST (t;,vm;) > Maz{Available(vm;), »
ggﬁ%#l: § EFT}LE;J:'HE{J’?,-} (t-’f: 'U?Rb.)} ;
Ejz].---.m Xﬂ'd =1 Vi,
 X;; €{0,1} Vi, 7.

[1]Tang X, Cao W, Tang H, et al. Cost-efficient workflow scheduling algorithm for
applications with deadline constraint on heterogeneous clouds[J]. IEEE Transactions
on Parallel and Distributed Systems, 2021, 33(9): 2079-2092.
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[ARSEZRE DT (RIUERRIRIZNP-hard)

Cloud workflow scheduling MKP

Cost= ) Xjclti,om;). ( MazX! 20, iZ;

;€T j=1,--m reduce
( makespan < d, s.t.

EST(t;,vm;) > Maxz{Available(vm,;), vt EgzlszQi ‘B:L}Zij < bk?

Emg.e;ﬂ-rmf{f,-} (t-’f: “U?TLH) } L .
EJZI w171 Xaj =1 V?, ZJE(& Zﬁ!j B 1 vg?
| X, €{0,1} vi.j. \Zij €1{0,1} Vi, J.

e

[1]Tang X, Cao W, Tang H, et al. Cost-efficient workflow scheduling algorithm for
applications with deadline constraint on heterogeneous clouds[J]. IEEE Transactions
on Parallel and Distributed Systems, 2021, 33(9): 2079-2092.

22



%— N == *E . Algorithm 2. Greedy workflow scheduling algorithm
FHIOITONMON - Input: Workflow DDAG, cloud VMs
Output: The schedule of task-VM pairs
’ N N VAmmhl
Xjﬁﬁﬁ)({i%l#_{j’ﬁg < 1: Putt,,, into schedulable tasks set @

2: while Schedulable tasks w is not empty do

3:  foreach tasks t; in w do

for each VMs do
Calculate task EFT'(t;,vm;) by Eq. (3)
Calculate task execution cost ¢ (t;,vm;) by Eq. (7)
end

end

I EEMISESTLES |
ERIITRI R R AR R4
10:f  Find the first task-VM pair that satisfies EFT(t;.vm;) < d;

R ESHEHER
Assign task t; to corresponding VM

AR B /NI 4/;-; Update VM and fask sfatus
{jﬂ%ﬂ};1‘b§ﬁ} 1£jj 13: / for each tasks ¢, in succ(t;) do N\
14 Remove task t; from task ¢,’s pred(t, )

if pred(t,) is empty then

/,ﬁ Put task ¢, into schedulable tasks w
BHIDAGKRIEZRAEES oo
19. \_Remove task #; from schedulable tasks o J
20:  if level group FFT(T}.) < EFT(t;,vmn;) then
21: Adjust level group subdeadline according to Eq. (14)
22: Update unscheduled tasks d; = d(T;;)
23: end
24: end

Sort these task-VM pairs according to c(t;,vm;) by
increasing order

A

[1]Tang X, Cao W, Tang H, et al. Cost-efficient workflow scheduling algorithm for
applications with deadline constraint on heterogeneous clouds[J]. IEEE Transactions .
on Parallel and Distributed Systems, 2021, 33(9): 2079-2092.



B KX

O NP-=2MIRi
0O aVEX
(3 W=
O H5HK

O RIARFE

24



B EEEREE

LEEMRBIAYIRSFIEILAM (uncapacitated
facility location problem, UFLP)

Xi,j "T
e

06 l
(]

$h4 $h4
b4

1

25



B EEEERE

\—

u

VAN

LE=RHAYRFEU B (uncapacitated
facility location problem, UFLP)

minimize E fivi +

subject to

e F

Vi e D,

Vie F,j€ D,
Vie F,jeD,

Vi € F.

26



BERE R

N7 S
igegettaER (UFLP)

K-mediaja)&t

Minimum-degree spanning trees|a]it

Edge coloring|ajgt
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B EEEREE

=i
MECHASE FRHMESSEDZEL
BEI-’:E!J : === Task Offloading //,',_;”" - HH“‘H\

@V . A (r \)
A Edge Server &p \ (%)
£ User 1
I

s FYTTRY SU N N

BmT RSN D e

&b { Tasl% il \ |
L _ Ldge Server 1 Susmaae. |

\ D o
FFBRIER P e
— ,’/ m ; 4 \\\ -~ \
7 ‘e
= ‘ N |
BIMLESHERE (5 L e s
SHERA. DRt A2
“‘xnhigfhier\-'eidrﬂr/,/ \\‘“HHH_ __,/’//
B R TIRETRIEFERA )

[2] Chen Y, Zhang S, Jin Y, et al. LOCUS: User-Perceived Delay-Aware Service
Placement and User Allocation in MEC Environment[J]. IEEE Transactions on Parallel
and Distributed Systems, 2021, 33(7): 1581-1592.
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B EEEREE

AR SR

P,:min C*4+C"4+C"
XYy

=== Task Offloading e T
8.t. Tnm € ['[]-. 1]-. Vn = j"u'r..l'?"ﬂ'.l_. = M ) y ™ Tusk A ((( )))
A Edge Server 0 \3 X
£ User 1 \
™ / \
- U ‘
y”'l"l'. € {U‘ 1} v.?” S Mtvs € S! “ ser lr Task B E T \_ |
' ! _____ EdgeServerl - S
errEM” Tnm = ]'-‘ I?Iﬂ S N! F /ﬁ b,
J"f; u \\"
[ User 3 \Ii
Tn.m i Ym s, Vn € N-‘:‘! \ Tak1 ,J
) Tpmln < Lin, Vm e M. T 3
neN, Fige 2 o ,
D Dt <d,, YneN v
1, T nn — ny [ = . e M

[2] Chen Y, Zhang S, Jin Y, et al. LOCUS: User-Perceived Delay-Aware Service

Placement and User Allocation in MEC Environment[J]. IEEE Transactions on Parallel
and Distributed Systems, 2021, 33(7): 1581-1592.
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B EEEREE

e ZEStT (BPERHEEZENP-hard)

e o 0
=== Task Offloading ’,/’f" Hkh‘“u xl,,] "' Ve e
T -
@) w Task A (( )> . . e o "'
A Edge Server “\ ‘B N Ci j
i User 1 \\ ']
™ ¥ \
0 User i S \‘ ]
ll\\_,-"JF_‘;SZ‘JCIIge Ser'ver]/‘_, H~—HNH?{“‘ oo f‘l
AT T S ]
< ™ PN Userd ° \
S *~_ User2 7 Ry i 5
/ VY =~ / \UserS - \
/ = ,
/ TaskB.___[ ___,%,«—\ \
User3 m==- ) - l| yl
| Lol ((( 3)) @ . e e .
Task C ((( ;)) . & /
o ; User 8
0 \\USEI‘() .
User 7 < Edge Server 3

/g

;5'
m=ffe
e
=ffJe

[2] Chen Y, Zhang S, Jin Y, et al. LOCUS: User-Perceived Delay-Aware Service
Placement and User Allocation in MEC Environment[J]. IEEE Transactions on Parallel
and Distributed Systems, 2021, 33(7): 1581-1592.
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B EEEREE

B8

Theorem 2: Polynomial Time p(M,S) log 7

Theorem 2: Polynomial Time PUY, )08 o, XY

IF)I Theorem 1: Approximate Ratio of 8 + ¢ A

-——
- .

Obtain Overall

[nitialize ¥ Lemma 1, New, Swap, Delete | Optimized X, Decision
‘Lemma 2,z with Fixed ¥ given Y
Fix ¥

[P, >

Modified to

[2] Chen Y, Zhang S, Jin Y, et al. LOCUS: User-Perceived Delay-Aware Service
Placement and User Allocation in MEC Environment[J]. IEEE Transactions on Parallel
and Distributed Systems, 2021, 33(7): 1581-1592.
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B EEEEREE

I 'I'

B A EEIRICIERR
{EEEEMUFLPEEBXIARIS wﬁ,}(l - (ﬂm}"*’) < Tu(y) 4 2SuY) @

% (SODA' 00) E5f3|HEs| p(M, 5) p(M,5)
l | (MS)* ey, MSw(Y)
p N we(Y)(1 A P < w(¥) + e

we(Y) < w(Y") 4+ MSw(Y)/p(M,S) I

w(y)(l_ (MS}'T) < sw(y) 4 280 | w(¥)

) 1_;[*‘;}"'{;) < 5w(Y™) + 2w, (Y}Jr”.:u{;];j p(M. 5) p(M,S) ~ MS
\ | > li&{ulzh

w(Y) 1

— < 8 .
w(Y™) (1— (MS)" _ 3M§ _ 1 )
n(M,5) p(M.S) MS

[2] Chen Y, Zhang S, Jin Y, et al. LOCUS: User-Perceived Delay-Aware Service
Placement and User Allocation in MEC Environment[J]. IEEE Transactions on Parallel
and Distributed Systems, 2021, 33(7): 1581-1592.
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B oS

B AR RIDEEE L BirEE
666

 FOEE t 666=6x100+1x50+1x10+1x5+1x1

S S S
L L L
mE: 1 5 10 20 50 100
15
xﬁlﬁ‘%% t 15=1x11+4x1
S S S
L L L

mE: 1 5 11
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A& AR RID EEH BireEn

15
S S S
47 = 47
HE: 1 5 11

H11: 8i&=f4)+1=4+1=5
BS5: #HE=f10)+1=2+1=3
B1: #E=f14)+1=4+1=5

4

f) =min{f(n —1),f(n=5),f(n -1} +1

35
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B RN FE

B L A e S TR 5

AR I € X 37y 53k 2 AT 3 20 1) 5
DA CATMKP UFLPEE

] L AH < I @ ) SCHR - (B 25 72 40
SFATUAR I S0

FEICA I 0L EIE B i FE R

BN A 50l A A SR Py 5UE
SUB BT 2 1 R

HEZZSEZEFL: Williamson D P, Shmoys D B. The design of approximation
algorithms[M]. Cambridge university press, 2011. 38
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B iR E RIS

EGE B —EE ALG E— A JELE Mk cost]
SRR ol B, BEHSEREE
SHEAB9ENSEE, 3REBIOPT costf F5 (Lower Bound, LB):
LB(I) < c(OPT(D)),VI

UEBASHHARIMALGI, #E: c(ALG(D)) < alB() ,VI,a =1
WERTHHESS . c(ALG) < aLB < ac(OPT)

Issue:

Issue 1: MELIEITHRLBUAN&IHEOPTII FALBRIKRER
Issue 2: FXETARITFRLB, ZHAREZALGHLASLBERER
fRRGZ: Linear programming(LP)

41



B ERNEUEZE

/\\/
DR

TUEE —

Greedy

Local Search

Dynamic Programming

Linear Programs

Deterministic Rounding
Randomized Rounding
Iterative Rounding

Primal-dual Method
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B SE—S (el FRLBRIT A

Toy Problem —— Weighted Vertex Cover (WVC)

Vertex Cover: oEE ¢ = (V,E) B IIREBEE— 1FEV cV,
BEEMNRWu, VERCH—5FA, WueV', FEveV' ., — 1 TIREE
HAREEFFrE SRR EL

Weighted Vertex Cover: 81N TIREBNE
it Bir: KE— T EEEGHES R/ EMNIIREE.

§ b T e




B SE—S (el FRLBRIT A

Toy Problem —— Weighted Vertex Cover (WVC)
LB BB AL (Integer Program, IP)
Note: YR 1R AI—FL, BYNAITIREDE— P RWEIEALGIES
OBJECTIVE FUNCTION: min Z e(v)x,

veV

CONSTRAINTS: Ty + 1, > 1 YV{u,v} el
T, € {0,1} VoeV

aJ{7H%(feasible solution): FHEZIMEAIRINBETEIRAISE
E{Uf#F(optimal solution): AI{THEFER/IMEBIRRERIS R

44



B SE—S (el FRLBRIT A

Toy Problem —— Weighted Vertex Cover (WVC)

LR FEEEBIRIEFA(Relax) et/ %! (Linear Program, LP)F3k

OBJECTIVE FUNCTION: min Z c(v)zy
eV

CONSTRAINTS: Ty + 2, > 1 YV{u,v} € FE
0<z, <1 YVvoeV

EZBEAEMERE: FAI—PBENL (P RITHFEEC X NAIBIAZ M X 5]
RA(LP)RYET{THE, B, c(Zjp) < c(Z{p) = OPT

—/MERIHES: ERIPEREIE®R, HEXRARMHIALPRIRAI SR EOPTH
— 1N TR, TR TIEMEZEEIENGE—L : X{EARIEALEGI, FKEOPT
costf & (Lower Bound, LB): LB(I) < c(0OPT(I)),VI *



o MR —R R R B0 AE

A

FANP-T£ e
ZITCARIEL: MNFHENRIEAN, ERAER FRIEITRIEZ0(n*),
HepkhHE—HREREE
Note: BEFRREHFIINEZTEEIERKIFRR, MEMEZINEZEA—ET
EHELIMHEX, BIEEREOHEHFAR100%EHE, BAREERERR
P3EERt: SIREAIEAAEE
NPZE[ER: ABEEZ NI B AR S AR ERE A BEE S TN AT B O R
R, {EgeES IRz A EAGIERY D)=
NP-Complete 35 [0) R% : Fr & NP [a) f& 1£ £ Iin U B (8] A9 &P &8 #1 £9
(Reducibility) ZI'EAINPaE, RPfER T LENPCIER, FrE NPt E

SRR

FEHHKI(IP): NP-Complete|a)R

ZERIKI(LP): PRI => ES{EAIPRERNAIUEE



B SR —F R Z R iU R A

Toy Problem —— Weighted Vertex Cover (WVC)

LSE3 . SIRIRSEILPRRIUREZ p
Note: SEINVER DS, T EERHEPIRRAIELZIR

L&A [EUEE — P E&EERENSA(Rounding)/57A] 318Rx, =2 1/2
AR, RZENB0, FERER,
Note: X—HEITMEE, ERINFEIAHZEIPRIEAIAR, FAEISIERIR
{EAEEHTELERE,
UEBRIA{AELRYES R -
81 BB c(Z)p) = LB() < ¢(OPT()),vI , BEE5EHK
SSE2: IERBXHEAIREALGI, #E: c(ALG(D) < ac(Zjp), VI ¥



B SR —F R Z R iU R A

Toy Problem —— Weighted Vertex Cover (WVC)

BiR1: UEBHALGEI AR ERIAIAREAYZ SR
Bir2: WEBRIEEIEALGSRIR 57 LB (B eI SRR BIAE
X c(ALG(D)) < ac(Z}p), VI
OBJECTIVE FUNCTION: min Z c(v)x,
CONSTRAINTS: I, +U.; >1 Y{u,v}ekl
0<x, <1 YoV

o1 *E E?’J§1T§EIII X FEFILIE IR, 595“3%@8’]2@%\9*
B Xy, 2 B, Xy _— , FALGHRUARFE—PUBNVIRIRE T,
Jtl:ALG,ﬂ’éEF?_!Z 5] ﬁEI’J?’Jﬁ s

Str2: SHMEFZAVEASLGIIERE

C(ALG) = Zv C(U)Xv(ALG) = Zv:xv(ALG)=1 C(U) =)

2

v xv(ZLP)>1 c@)

1c(v) <2 Zv eo(Z2p)2k c(v)x,(Z/p) < 2c(Zp) < 2c(OPT) 48

V: xv(ZLP)_



B &ML ——Integrality Gap

Integrality Gap

| BUUELERGIERR B iR XHEABIEIASLS, $KEIOPT costBYT
H(Lower Bound, LB): LB(I)<c(OPT(I)) , VI

5| NIPFILPIERUMERBBR1 . RIATFEC(Z[p) < c(Z[p) = OPT
B FERALPIEATR, XN TFRESERYF, Hintegrality Gapff=

2 (1
o ()

FALPfaEILUELR, EIRULEE— 1) RARIR
BT IS ERIHEEIRR: c(ALG) < alB < ac(OPT)
SINIPFILPRRIHEEEEIR: IG - c(ALG) < a-1G - c(Z;p) < ac(Z}p)

E B PR AR LPTIIR HANT R L, RFANA{LIELEL R EERIG,
—LRelax KRS R —TEXRBIIGI TR, '




B &ML ——Integrality Gap

Integrality Gap
—LRelaxXAR=THR—TE
kEI‘JIGO minimize: {

£: IP; F: Relaxed-LP subject to: Y wipij <t 1<i<m
j=1
XIm&atHlss, 1™MEFH, 8ME
4= < , Zﬂfih-j—l 1<j3<n
FSHITRIEIEREmABYsCH: 1P1§ P—
Z) B9 c(OPT)=m, im Relaxed- z;; € {0,1} 1<i<m, 1<j<n

LPIEEIRc(Z]p) = 1. ALLIGE

minimize: t

bEmM, BEEERREANIRAIE [ Z e
s subject to: TiiPii <t i € [m
KT, 2 TP
D wiy=1 Vi € [n]
i=1
zij >0 Vi € [m], j € [n]

50



B F TS IR )G A

Simplex Algorithm BAZERZ %
Ellipsoid Algorithm
Interior-Point Algorithm g%

§'>
ul
=¥
i
i
N

A xEZIKSIideE’JES,'f—:"\, R A AR F S TR

7‘%%—7—715*4
(i)

O
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B ARz T URE

LR R0

R EFK AL (Integer Program, IP) ‘

IR2: BEEHIN X AL (Relax) B2k 4RI %! (Linear Program,

LP)FERIG 57

L£HR3: ZINT RIS EILPRIERUARZ] p

T4 [EURE]
UEBBIF{VALY,
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B S ERRERRY DS

Deterministic Rounding
MLPHISU D &S NBIEEE RS, ST EE—BRifE

Randomized Rounding
MLPHIRL D RS NBIEEEERRS, SATTERNREIEEMEA
BARYEHEREREYIRY, TJREIER, RJREIEIR.

Iterative Rounding

MLPHRM o EREE NEIRERR, EBRIEARPRIEEBoME, RREBoENY
P FLPIRIECK a0 20, EEBRSERE.

Primal-dual Method _—— Deterministic Rounding
*U}Eﬁ Dua“'ﬂgﬂﬂg'l‘iﬁ'ﬁi&?ﬁ'@)\ —— Randomized Rounding

Linear Programs

——— lterative Rounding

“~———  Primal-dual Method



B Z4Rikl——Deterministic Rounding

Problem —— Facility Location’

General Facility Location:

BN —PKRNAMNI &8V, —PMARNAnIERESC, I iR

Bf; 20, BRSI i kA 2R = 0

i — MUY FEF © V ESRAAR/N Lier fi + Zjecmincy
Metric Facility Location:

BRI #FE— 1 EEXET

[
/Q\ :
i%buéQEE%{q: Cij < Cit + Ci,p + ij 1
Hitt/E j

Capacitated: ZEFHEXRUADHFADESESZS L]
Uncapacitated: EFRIFZEXLO-1EANDESE— 1T

55
1. EEEFLP[EJESZHS: https://we5Iw6jk7r.feishu.cn/wiki/wikenTyoRXJnmav33KF6QYQH5wh



B Z4Rikl——Deterministic Rounding

Metric Uncapacitated Facility Location

2P ILPal@RER minimize Z(x,y) Z fivi + Z CijTij
N AR EE icV i,jeVv
Z$i_f =1 VeV
eV
Tij < Yi Vi,j eV

zij € {0,1} Vi,j €V
y; € {0,1} VicV

{ 1 ifie k'
Ui = .

() otherwise

e 1 il terminal 7 1s assigned to [acility 4
o 0 otherwise
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B Z4Rikl——Deterministic Rounding

Metric Uncapacitated Facility Location

RS MO ERREE 2R :
Filtering: ABRTEc; EEERAKBIBHEXS R AIFFORI D £, ;o
SE3.1: HAIEN AP EGEERA: A = Xiev CijXij -

Nij

U832 AT ZLPIERERIN D SR (X, y), BAFER— I EIToER (', y')E
SF(x',y") < 2F(x,y), C(x',y") < 2C(x,y)BIfx{; > 0,then ¢ < 24;, WBAIXEAIITOEAE
(x',y") HHERIT & "k BFj. [UERRRE]

am N

SEE33: iR EE BRI ES B = (i, < 20}, BEBADERER0, FIH
R AR T I3 — 1. {

Zieﬁj . if i € Bj
{] if ‘é §é B_;.:
57



B Z4Rikl——Deterministic Rounding

Metric Uncapacitated Facility Location

(:-JII(J) S Cj.'if + (;i"j -+ ('Ji‘;'l:j)
Rounding: RER/D T HIFFEKRA < 2Aj5 +2A; + 24
< 6A;

H$B3.4. BRAIFRROBREHERA; 3G €1, ...,n), EREH(X o) =3
rY) = Ci(4)3

FAHIFEF), BMFiltering BRI T EA By = {irc;; < e

20} SSERE/INFRIRARASEO i) , ANEXANTITi( ) ER— < j;fiéj
NEESEIESHIHE T BB K, WARTFHXANTIG), < 6C(z,)
Mt BER) 5i()E 3z, CF(&,9) < F2',y') < 2F(x,y).

HRA . WEBRIEAUEL 2(2.9) = F(2,9) + C(2.9) < 2F(2,4) + 6C(2,y) < 6Z(z,y). 55



B Z4Rikl——Deterministic Rounding

Metric Uncapacitated Facility Location
HRERB; NENXM—LEN, vJLIERI4-approximation BT IUE X
[1EARRR )
ZIRRRRI RN A7 = -
Edge Offload
SR OIEHERIRE, ANHAEIRAHGEIERRT, f2ERuhireit AR
HtbaTLAFDeterministic Roundingi2Hir M &iRH9aI5R
Minimum Cost Bipartite Matching

Scheduling on Unrelated Parallel Machines

Non-preemptive 1|r;|2:C; Scheduling
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B Z&Eik——Randomized Rounding

Problem —— Max SAT

HIN: nNBoolZExy, ..., x;, ... x,, MPMNEIC, .. Cm » BIMNG]
#hEZ 1 BoolTEFHE xR X T=RIELT (iZ[ngl/xs Vx11) =N
BNEw; fIKEL, NamE (SAT) NEHREPII— 1 FEINE

i IREn M BoolZEMTrue/False, FKERANEIRTHENS
Max SAT — Fi =M {ERUEZE
8i&1: LU1/289F9BoolZEME
SIMEIEE: [HELPiZE: HEIALGIL{L BFraYEREEEFIOPTAIR ]
Y — N RY, FRAEIRESAT, MHAERAW = ST, wY,
AL ERITEAER: E[W] = T, wiE[Y;] = T4, wiPr[clause C; satisfied]
Pr(clause C; satisfied] = (1 - (l)lj) >% E[W]=2%7%, w; > 0PT

2 2!

L #K, IR SRR ST !
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B Z&Eik——Randomized Rounding

Max SAT — AEMEMWMERIEE
8ix2: Lp > 1/2898t= 9BoolZTEMH(E/HTrue
oAmAEALL: FELPIZR: IEIALGILIC HimrYRRZR{EFIOPTRIKEK]
AL BERAERE: E[(W] = X7, wiE[Y;] = 7%, wiPr[clause C; satisfied]

ME (a+b=1=2) : Pr|clause C; satisfied| = (1 —p*(1 —p)?); AB
p > % >1—p, Pr|clause C; satisfied| =1 —p®*? >1—plY =1 -p?

M (L =1) : Pr|clause C; satisfied| = p

IA48: E[W] = min(p,1 - p?) XL, w; = min(p, 1 — p*>)OPT = 0.618 - OPT
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B Z4Eikl——Randomized Rounding

Max SAT —— Randomized Rounding

B]iA3:
OB A8 — 1 TEREAERIHTR
Tm
|LP1"‘1§LH:|_=I maximize Z W,z
Jj=1
subject to Z yi + Z (1—w) > zj, VC; = \/ x; V T,
'iEPJ: 'EEN_-; 'iEPj t'Ef"-rj
y; € {0,1}, 1=1,...,n,
z; € {0,1}, j=1,...,m.
FARZILP m
maximize Z Wjzj
J=1
subject to Z yi + Z (1 —wi) > zj, VC; = \/ x; V T,
'iEPj 'iEN_.; 'L'EPJ: iEN’j
0<y; <1, r=1,...,n

< z: < | =
0<2z <1, j=1,....m. 62



B Z&Eik——Randomized Rounding

Max SAT —— Randomized Rounding
AL : [LP37=R: IHEIALGILC B RRYHBERHILPRAUAERIRA]

L BETRETHREE: E[W] = TTL, wiE|Y;] = X%, wiPr[clause C; satisfied]

Pr|clause C; not satisfied| = ]_[lep (1- yi) Mien, v (BAR-JUIYEARER)
i L

< |5 (Bier, =30 + Bien, )| = |11 (Zier, 0 + Biew, 1 = 3D)]

Z]
Sl——

Lj

L)
Pr[clause C; Satisfied] >1-— [1 — Z—’] =

Lj
@‘ﬂg%

Lj
E[W] = ¥, wiPr[clause C; satisfied] = X7, w;z; [1— 1_7_) ]
j

Zrllclzi?[l— (1-1) lzﬁle z; = (1--)oPT
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B Z4Eikl——Randomized Rounding

Max SAT —— Choosing better one
B4 EREERTNEER3PERITFIN—MER T
SATEALL:  [LPIAE: BIALGHHL B iRER R ILPRRAIFE K]

E[W] = E[max(Wy, W,)] = E R AR AEE VAR AVA
1am . N\7| 1 am 1\l

>3 w;z; [1—(1—1—) IRE Zj=1(1 -(3) )

> Z}";lez;[§<1 - (1 — %) ) +- @ -27)
3 % 3

Max SAT — Integrality Gap

BEAR: uv x, uv I 4V 5, GV 5, NEEAT
FIFLPEILUBEI—NEIITHR: v =y, =55 3 =1, SEILPEILRAL
BiTh4, MECFRaBSREA3, 1GH3/4,

FEIFIFALP RelaxToik k5L 3/4-approx BIFHIEL, 64



B Z4Eikl——Randomized Rounding

tif=i8ERandomized Rounding M FRIEEIEIS
AR XTFLEERPENZE, FMERERELSEIEBRIBERERHTR

27

=AEIR: SIRAIRAFL. YIERAFIERA.

K BEERTRE T B AT M ERIES, XM TIXAMER
ROt AR,

SRARAF

£72kt. BEMENAE, W: vae R :Pr(Z >q) <22

ETERMRAFN, JLMSEAIHERE —EiEE e ZENE
RERMERAOERR: Pr(z > 1+ &EZ]] < —

— 1+6
—NEMNAF: MRZIRETR, BAEDHEFHIIR, KRR
a=n*E(X), BINFITHRAINE, IBARESRAXAZFTIN, FEI1/n8Y
ASEEEHY TRIINEIIE. %




B Z&Eik——Randomized Rounding

IIELEXRATF

%E_gﬂlﬁﬁﬂlgﬁl @I]:E: Xl; ---;X‘n € {O) 1} 1 %\pl — E[Xl] = Pr[Xi
X = ZiXi ' II_ESLH = E[X] = Zipi r 0= VVar(X) ' )ﬂl_]ﬁ

Il
—
| S

1
Pri| X —u|l = kol <—,k>0

— k2 )
TR HES/RAIRAENE IS
S (e
tulﬁ*ﬁ PriX > (1+d)u] < H
53R ECRIMANN AN ETVE NS s
PriX > (1+0)p| <e = (0<d<1)
FESMTH, NI Z 52

PriX <(1-0)p<e 2z (0<d<1)

_§2

PriX > (1+8)u <ezr  (5>0)

e

PrlX < (1 -8y <e2rs  (5>0)
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B Z4Eikl——Randomized Rounding

Problem —— Network Congestion

BN — P ZHEEG = (V,E), S 1MRXNESD = {(s;, t)}i=1.x. I8
BHEEFN AN TRRITR (s, ) BEERRRP,, BEERENRBRIGRE
i FERARERRIREEER/\WDELE.

gk ERandomized Roundingh iRz

ILPHIRE . i C
minimize ; e Ahe NN
fi FAFRREDERIFIE

subject to 3 _ fp=1 Vi RIIZP; WTFERNe,
PR TSR XRNHIBEEP
2.2 fr<C Ve€k, RS, XANEELAR
Lol BRI
fpe{0,1}y VP e Pii=1,...,k

FHAZILPEIRE, EZINT AT BIRNEEILPRMLSENE: L € [0,1]
Randomized Rounding: UALPERAL &R VENEERD T, NEEENTT
RXSAYR]THERS P, BENIZEEN—5PEIEP € P; 67



B Z4Eikl——Randomized Rounding

tNigkFEERandomized RoundingHipzFl

DITIEIL S B BRIEE K NelNEIEHEEEE] . EHA—NRiEE—50eiiltER A
Yipepeery B 1 BX—NRENEZEXS, ZMiEETHeNiZEE91, BBAXHEE—
MNMOeHIRERERTN: X6 =Y, X°, TLUESR:

E[Xie] — Z{Pe?i,eep}fi* '

E[X] = E[X; X{] = X E[X{] = ZiZ{PESDi,eEP}fPi* < Crp < Cpp
DTS ER2 [SZIALGERE BIrfILPRM o ERIXE] -

OB FBERFRERX BILP&UE—ERIEEAMR LR

€2¢c
3

WA A1 €k=1+¢€e€€(0,1), MIPr[X, >kC/r]<e
LAEHEIFRBALGE (1 +€)-approx.

, [C »logn, H
e2C

WEBAAI2: €k=1+¢e€€(0,+x), MPr(X, > kCp] <e zv¢ =e ¢C(e>» 2),
BBEIEHLIR, FE(RiEe = 0(logn), NWEJIEBALGRZO(log n)-approx.

EE7TE3: EAB—IIERRFR, ALUEBHALGEO (-2 ) -approxe

loglogn




B ZEx——Primal-Dual Method

ASIER ISR IR AR .
UERRXHE(IRVBANSERI, BB c(ALG()) < ac(LP), VI, a =1
REMHREME I BALGHILPRLEERAIX R
LPYHBIEE: ALPRIGESURHE—1 TR
ZRE— M E/IMURIRIER

min Zj CiT; subject to
> aijTy = by Vi€ [m] (Primal)
zj >0 Vj € [n]

Btn: 2 c(Z,p) = jox = LB
MARNFE: Y y:(Zjai%) = X yibi, v =0
BRE AT LSRN ERRREN
Yivibi < Xy aijxn) = Ti(Ziviaij) % < X g%
BB INFYR: Y yia;; < ¢,V 69



B ZEx——Primal-Dual Method

LPYJ{EIRRE: ALPRIGHERE—1 TR

BRERHMBAR: 4 > Yib; subject to
> iViai; < c; Vi€ |n] (Dual)
yi > 0 Vi € [m]

XHEBI AR —EE R
LP Monogamy: JRYgIaEFIXSBREEXHE
Weak Duality: XH{HAIBIRIGXHBIAIRAIRE(X, y), #BBy b < c'x [ 5]
Strong Duality: HIRAEFIXMBREFHEE—NMFEEFRNRME, WBI—
IMFEERNSENE. SR BEIRPEEERNEMEET TSR, WS
I—DARFEA 1 THE.
Complementary Slackness: [RIGXHBIRIEBBERRMEX, y), HBNE:

xj=0or Y;yia;; =c;jVj By, =0or ¥;x;a;j = b;; Vi 0



B &5 Hxl——Primal-Dual Method

ELPW{%IEJEEEIQ—’P%'EWU¥
REREZIER: SHKHN, RFFEIR

~ T _ . i f".‘.-E o _ )
u)‘ W = Loy 4+ 20, D 239(' - 4,4, 55”’3»\ E
Syt ; \
rrae 3y, “231)‘1*3‘33% 2 \--12:{ f
20 3)(.‘& ::_\2- g . 3!
L.i . l waa X -5\ )\ ‘f’S 1 > kf‘t {
3:\ — : D | L
2/ Llj\)(_1m lﬂ Il Z @ f Way FS\j\""%%l -1¢ B}

'Elli %tj “L\'\'\i),‘kl AR e 23"*-3%?."'195 =50
"‘2‘13 ‘+3ﬂ3 ‘%‘*3’“*331 £ 20
)_L;jl . l‘j:" 5 11 ¢ ~50 ‘j\_ Yy d}, 2 !‘

\ =Y + jl 4 < 29 |




B ZEx——Primal-Dual Method

Metric Uncapacitated Facility Location
S ILPajRREER
LYR2 . WUARKLPIAIR
LUR3 . IRIEXHBIDR [ LT3 AR LR R FE 22 Taz A Bl N AR

iZﬁ/I\LPI\EﬂEFﬂ minimize Zfa'yi + Z CijTij
icF icFjeD
subject to Z‘Tfj —1, Vi e D,
ieF
Tij < Ui, Vie F,jeD,

zi; € {0,1}, Vie F,je D,
Ui € {U, 1}, Vie F.
maximize Z v
jeD

subject to Z wij < fis Vi € F,

JeED

vj — wij < cij, Yie F.je D,

TU;_,;J; Z 0, V’t‘, -~ !"T, j? (- D 72



B ZEx——Primal-Dual Method

Metric Uncapacitated Facility Location
L4 [EiEx1——Deterministic Rounding]
SBA: EXEFIEET &£8N() = {i € F:x;; > 0}
SIRA2:

tR#EComplementary Slacknesst®a, ATLIBRIZx; >0, MMBARFE

U; — W;< = Cij, JJ:I::HT_I-CU < U;,'

fRIEWeak Dualityttflr, RILMSEY cpvf < Z* < OPT [5ER/9OPTHLB]
FBA3: BAFHRBENE i, WRFAIHFIGREL PHEREERIT i, BILL
RIF TR fik = fik ZiEN(jk) xl?kjk = ZiEN(jk)fi x:jk = z:iEN(J'k)fi yi* , BBLARE
FRONEZR, T8 N fi, < N Sientin [V < Sier fyi [ERAALGH S
LPERICRERIRER]
STB44: EXERIBENREI NOBNIRIEEFwmN2() = {k €
D: client k neighbors some facility i € N(j)} 23



B Skl ——Primal-Dual Method

Metric Uncapacitated Facility Location
L4 [EiEX1——Deterministic Rounding]

LIAS . NTH—EELI FERAIAA, ATLARELLE Fimj R i
AfLARIZEFimleaf9rFrE L N () BIREEFinN ()RS, BERSE—ME
BEFR: cy < cijtopjtom <y v v, HERT, FIEXRELIEF v
B/IEF. [RUECISEEE, NSRAFEY <v , 8 oy <3v;; XER:
Yicr jep CijXij < Diep Cit Dier Xij < Xep 3V < 30PT e NALGH S LP&RIL
AKX 2]

SRS ERNELE91+3=4 08 /O

h

7 %
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B Skl ——Primal-Dual Method

Metric Uncapacitated Facility Location
L4 [EiEX1——Deterministic Rounding]

SEIES: SHHERHRIEL 4

Solve LP, get optimal primal solution (z*,y*) and dual solution (v*, w*)
C<+ D
k<0
while C # () do
k+—k+1
Choose ji € €' that minimizes vj over all j € C
Choose i € N(ji) to be the cheapest facility in N (j)
Assign j,. and all unassigned clients in N2(j;.) to iy
C + C — {jx} — N*(jk)
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B ZEx——Primal-Dual Method

Metric Uncapacitated Facility Location
L4 [EXx2——Randomized Rounding]

SBA: EXEFIEET &£8N() = {i € F:x;; > 0}
S84.2: tRIEComplementary SlacknesstR, AILASEIZx;; > 0, MR
FEY —w =c¢;, W <v;, RIEWeak Duality® &, B LAEZRI
YiepVi <Z* < OPT [5ERk/IOPTHLB]

SEA3: BOEARENE ), MR AIEERFTFIGEN T i, BILA
SRIBITT RYBRZEFFORANAS . E[fi, ] = Zienip fi Xijp < Zien(p fi Vi« BBARSHR
BRI, AE: ERXk fi] < Xk Zienp fivi < Zier fivi [FERIALG
RS LPERILIERIRE]

L BAL: EXERPIEENFREI NGOWIRIEE P imN2() = {k €
D: client k neighbors some facility i € N(j)} ; EXEFEEEERIMEI

RUERERIERZAANZEC = Yien() Cij¥i;
76



B Skl ——Primal-Dual Method

Metric Uncapacitated Facility Location

L4 [EXx2——Randomized Rounding]
RRAS: NTH—DIEEIT FoRRIRA, BILAREILE g &I i
A LAAIZE PislEERRrE L N () BIEEEFiRN2 ()RS, ERE—NME
ﬁE . Ci1 < Cij + Chj + Ch1 = ZiEN(j) CUX:] + Chj + Cnhi < C-* + U}k + Uik ° E?}Eﬂ:
R, FROEREILTEFRV + CRIONER. RUELIGELIE, NnAFE
vi+ G <v + (], i E[ZiEF’jED cl-jxij] < Yjep(2v; +C;)

SPIES: SHHEEIEL Q
E(ZiEF fiyi + ZiEF,jED Cijxij) Q\ ‘ r

< 2ierfiyi +2jepvj + ()

< Ziepfiylfk + 2 ZjeD v]ik + ZiEF,jED Cl]xlik]

< OPT + 20PT = 30PT Qg \
)
77




B ZEx——Primal-Dual Method

Metric Uncapacitated Facility Location
L4 [EXx2——Randomized Rounding]
S5 DT

Solve LP, get optimal primal solution (z*,y*) and dual solution (v*, w*)
C+ D
k<0
while C # 0 do
k+ k41
Choose ji € € that mimimizes v; + C;-‘ over all j € C
Choose i), € N(ji) according to the probability distribution z7;
Assign j, and all unassigned clients in N2(j;) to iy
C <+ C —{ji} — N*(j)
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B Skl ——Primal-Dual Method

Metric Uncapacitated Facility Location

4. [E;53——Primal-Dual Method] [(IEERES]
SIS oAb 93

v 0, w0
S+ D
:11'.: ﬂ

while S # () do // While not all clients neighbor a facility in 7’

Increase v; for all j € S and w;; for all i € N(j),j € S uniformly until some j € S

neighbors some ¢ € 7" or some i ¢ T has a tight dual inequality
if some j € S neighbors some i € T' then

S 5 {j)
if ¢ ¢ " has a tight dual inequality then
// facility ¢ is added to T’
T+ Tu{i}
S+ S — N(i)
T + 0
while T # () do
Pick i € T; T' + T' U {i}
// remove all facilities h if some client j contributes to h and i
T+ T—-{heT:35€ D,wy; >0 and wy; >0} 9




B KX

O CUEEEKRTEE
O EIESEP MR £ SRR FE
O TAEENEGENE

O RS EFIIAE

—H
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B Online Algorithm

TELIRIRR vs. EEInR
G RERRERSBIIUSE, BHNASEESEEENEFTEY,

A ARSI EREE,
ER5 AN

IASFIMETR — B, BT R ER Rt B
EE—SHEBRRAEE, ETRERHANIESIR,

BIF: AT

eFY
ESEAELIRNRARFE, HIFALGRIXSFEMAANEACALG), BFE—

SHEENBELEEL, BNXSFEENMAIC AC(OPT), SFEMBIS, MNA
c(ALG) < a c(OPT), WFRALGHamREE.
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B Online Algorithm

B Sl
TREFEEZOENEEREE, SHRACHNEFRFEZLX, E&EUREFE R
HNEZ2RAZLHEERNFTEMLE.

#E (BREZFKE) IFENTRENBEZREZRE D, BERELZEZNTARS
BFE, EBEFERFILRIR
PR SR DAY B i

KEBEARHTR, FETREREOPT

REEFNEZE, FERFLERERL FTRAYURNTFILRIR

=S U R IR [ FIUE BRI (U LU R IRE A —E]]

XHEMBIE AN SEHI, $FEIOPT costBy & (Lower Bound, LB): LB() <

c(OPT(D)),VvI

UEBBSHEAIBIENSESI, #BE: c(ALG()) < alB(),VI,a =1

HEMTHEEIS : c(ALG) < aLB < ac(OPT)
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B KX

BEIEENRITEE

N

O i

O IEUEEFREMEMRER D SRR
© EEEENERENE

O KA ABIME D5
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B RKRARSE

TS EE & E5FS
IS EENIRRSAT, ERREELEN, B— MELNE.

ERINEZF I ERRERASIEENGIINE, TIUAELENEER
%, B GFEERSIREE

EIEUE A/ MR A EE R DRI A
FEESEETE, IEEE/ R R B A PARRE A
S/ ELUICE R e —atD, BIITIEE
REBRREENFLBIBE—LHARE, TUEEBELEE
?@éﬂi‘@%ﬂﬁ AIBLE RN AR A/ E S MU R ARIF R

A THRFERHEREE

H

LLT
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- BIEEER

ITEEZReERIERERRIMEEE TR, BEXNMRIEBEE—
MEERAIRIE

f£Relaxed-LPiz=, Integrality GapPRsl T 4aE

IS AR BT knE T RIUENEREEIR, XEXLMRAFTPEEHEARIES
TS ERZLRENNE

S AT B K7 =AU AR RIS

A TUERRIAUEL, BEEURERISISEENRE, RETBRIEMD
0L

& &
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- BIEEER

RH—/MNBEICIERRREREUES L/ E L ELE" B —
MNPZE[O)RR

NPZE[EfR: ABeEZINT BT BN R e A RESE A SEEZ TN B ARRR, B
BEfEZ N AT [B)3EIEAY A RE

BCE5SUERR: MXININT vs. Bg#esCae: 2 ? 7 ?
FINBIEFEZ BN ARAREIARR

Lafftit

BEMAL

e
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B FIEH

Approximation Algorithms

CMU 15-854: Approximation Algorithms
CMU 15-854(B): Advanced Approximation Algorithms
Umich IOE 2713: Approximation & Online Algorithms

Williamson D P, Shmoys D B. The design of approximation
algorithms[M]. Cambridge university press, 2011.

Online Algorithms

UofT (CSC2421: Topics in Algorithms: Online and other Myopic
Algorithms

Nguyen T K. Primal-Dual Approaches in Online Algorithms, Algorithmic
Game Theory and Online Learning[D]. Université Paris Sorbonne, 2019.
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B FIEH

= Optimization Online

W Categories — Optimization Online (optimization-online.org)

« Applications — OR and Management Sciences (1,556)

Integer Programming (1,692)

» Airline Optimization (31) » (Mixed) Integer Linear Programming (591)
* Finance and Economics (185) ¢ (Mixed) Integer Nonlinear Programming (483)
» Marketing (14) e 0-1 Programming (265)

s Production and Logistics (151)
= Scheduling (215)
e Supply Chain Management (82)

o Cutting Plane Approaches (280)

Linear, Cone and Semidefinite Programming (1,409)
» Cone Programming (5)

» Linear Programming (290)

e Second-Order Cone Programming (107)

e Semi-definite Programming (554)

Network Optimization (271)

Nonlinear Optimization (2,089)

e Bound-constrained Optimization (78)
Constrained Nonlinear Optimization (658)
Nonlinear Systems and Least-Squares (104)
Quadratic Programming (261)

Systems governed by Differential Equations Optimization (121)

e Telecommunications (109)
s Transportation (295)
s Yield Management (16)
« Applications — Science and Engineering (1,209)

= Basic Sciences Applications (79)

e Biomedical Applications (99)
e Chemical Engineering (29)
o Civil and Environmental Engineering (28)

» Control Applications (142)
s Data-Mining (155)
 Facility Planning and Design (78)

* Mechanical Engineering (43) » Unconstrained Optimization (329)
« Multidisciplinary Design Optimization (33) e Optimization in Data Science (14)

s Optimization of Systems modeled by PDEs (61) « Data Science Algorithms (1)

* Smart Grids (42) e Data Science Applications (1)

o Statistics (179)
= VLSI layout (10)

e Data Science Theory (3)


https://optimization-online.org/categories/

B FIEH

Hailiang Zhao' s Blog

Hailiang Zhao @ ZJU.CS.CCNT (hliangzhao.me)

= ADMM for Stochastic Optimization [ADMM part 8]
This slide demonstrates how to use ADMM to solve stochastic optimization problems, Oct 2022.
= ADMM for Distributed Optimization [ADMM part 7]
This slide demonstrates how to use ADMM to solve centralized and decentralized distributed optimization problems,
Oct 2022.
= ADMM for Nonconvex Optimization [ADMM part 6]
This slide demonstrates how to use ADMM to solve nonconvex problems, Oct 2022.
= ADMM: The Variational Inequality Perspective [ADMM part 5]
This slide demonstrates how to cast ADMM into the framework of variational inequality, Oct 2022.
= ADMM for Nonlinear Convex Problems [A0DMM part 4]
This slide demonstrates how fo solve general nonlinear convex problems with ADMM, Oct 2022.
= ADMM for Multi-Block Problems [ADMM part 3]
This slide demonstrates how to solve multi-block problems with ADMM, Oct 2022.
= ADMM, Linearized ADMM, Accelerated Linearized ADMM and Their Convergence Analysis [ADMM part 2]
This slide summaries the iteration steps of ADMM, Linearized ADMM, Accelerated Linearized ADMM, and their
convergen rate, Oct 2022.
= Distributed Systems in One Slide
This slide summaries the key contents of an interesting online book, Distributed Systems for Fun and Profit, Oct 2022.
» From Dual Descent to ADMM [ADMM part 1]
This slide demonstrates the design details of Dual Descent, Method of Multipliers, and the vanilla version of ADMM, Oct
2022.
» Preliminaries for Optimization Algorithm Design and Analysis
This slide demonstrates the mathematical preliminaries of optimization algorithms that should be kept in mind firmly,
Oct 2022.
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http://hliangzhao.me/doc.html

FIEM

Scheduling Zoo

The scheduling zoo (lip6.fr)

The Scheduling Zoo

interface :  simple advanced

Machine environment «
type: 1 P Q R 0 F J

Constraints 3

number of jobs : = @ =2 T =c n==Fk
[ prec chains tree intree outtree opposing forest sp-graph bounded height level order interval order
precedence relation :
quasi-interval order over-interval order Am-order DC-graph 2-dim partial order k-dim partial order
release time : @ rj online-r;
preemption : @ pmtn

due date : @ dj=d
processing times : =~ @ Pji= 1 pi=pP

batching : =~ @ s-batch batch(oo) batch(b)

Objective function
Objective function :  Cmax Ol Y. Cj 3 wiC Noreez > U; > wil; 3 T; > wiT;
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http://schedulingzoo.lip6.fr/
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