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59 A (time quantum) 9] AGF 2ok B ERAAE £AY e 93
W AT S 12w STk AHE AL W A S THE BAaTE e
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Allosated . Notaloated ]
Over-satisfied Unsatisfactory
IIMTATIM (i- Mp)
Expected service time Expected service time
1 time unit 1 time unit
(a) i 7} A" 8 A &% A5 (b) T; 7 AHH A o= A9 05 A5

DY 3L ARG A B2 9 A of o mE wE A5

webd BE w9 Al A g TN M =02 mEsion

O

el 2 ¢ > ;9 F HAI T Ty o ofs Yimy 1) = i 1Y o) e e

mf, =" < 2\ o] 4 sieh.

29 ¢ > ¢, 0| BR BlaZ Alole] AR WL p, > p; S WEHT BE A5
o] (44(3.3)) REE B A5t T4 o] AT

Zl(n) _ Z(nfl) +I(n71) M - pi

(3.4)
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Z 54 (3.4)2 n AR A 7R BE 2 529] Fol ¢;(0,n) T TS o m g},
M 2 = T o] BE Aol A 2 = e 1 M B

wEh o)z RE 2 -2 <0dg Wk

webA, ¢ > ¢; 9 F BlaI Bo Ty el D5y Y = S ) o) ws e
W, 4 2" < 2V o] gt

webA o] AAL AT Al ATbE I B2 Blaas oA Aol 7HE

2 Hage wE A4 A Atk AL gtk md 54 (3402

= A5 A AAISA] drjets Aol AJFHAA Blaze] FAH A 7hEgEr
AHo 7 uhE £ 5 A A £ Q1SS ou|dir)h B =R AMgEE 7| W
st 7 313 gk

3.3 A3 9UE X$ 7k AAEY dyEE
3.3.1 LZF A2AIZY 4y &

E HoA e Blaa B F AFE At 18 Y (greedy) 2AIEE 1
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LZF & AA ST [JKCH12, JICH. B2aa %5 A58 Agsts /b 88
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¥ 32 LZF 2A&8 <11

2]Z9] 9 (A:B:C:D=4:3:2:1)

o~

~

S AIZE 24 Za oz ZB 2c Zc Zp  Zp AEYE H2=
0 0 04 0 -03 0 -02 0 -01 A
1 06 02 -0.3 -0.6 -02 -04 -0.1 -0.2 B
2 02 -02 04 01 -04 -06 -02 -0.3 C
3 02 -06 01 -02 04 02 -0.3 -04 A
4 04 0 -02 -05 02 0 -04 -05 D
5 0 -04 -05 -08 0 -02 05 04 B
6 04 -08 02 -01 -02 -04 04 03 A
7 02 -02 -0.1 -04 -04 -06 03 0.2 C
8 02 -06 -04 -0.7 04 02 02 0.1 B
9 06 -1 03 0 02 0 01 0 A
#3371 38 245" dugEEY o (A:B:C:D=4:3:2:1)

duegE A3 A AHl AIZE @A gt ARl A7 @3}

WRR  AAAABBBCCD [-1.4, 2.4] 0.90
DRR  AAABBCDABC [-1.0, 1.8] 0.62
VTRR  ABCDABCABA [-0.8, 0.6] 0.35
WFQ  ABACBAABCD [-0.9, 1.2] 0.44
WF2Q  ABCABACBAD -0.9, 0.6] 0.38
GR?3 BACABABCAD [-0.9, 0.9] 0.41
LZF  ABCADBACBA [-0.6, 0.6] 0.28
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2 QolE LZFE A 99 KLF 274129 90859 4a7zs
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Yoo K-LZF ¢332 4472 A28 258 Agath o ddes
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AP s ol whel K 719 AH 2] AE (sub-list) & UE A W, sift-list;(1 < i < K)

Atk 1% 415 KA AHPAER 748 Qe AES HolZrh Blam

o
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| AZE2E Yol Aol 2 +A2 FEHo] Jlon, I A 2t B

1
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Range of traversal

o v sift pointer 1
Sift-list, ! l ...... » sift next |
T T
1 1
L]
Ty B T3 Ti; | sift up
. . T = » ® = = = = = = & T 'y
Sift-list, $ispisdisgigr
,,,,,, T
sift down
TI1+1 Ti1+2 e TI1+12
PiEiiiiiid .
\AAAAAAAA A o .
. sift down o siftup
Sift-list, A
Ti1...ik.1+1 Tf1...ik.1+2 °° T N
First, Last
Task weight ordered Ii

:| The candidate task

2P 41 KA AHEAESR 2AY AAYAE sift-list(1 < i< K)

sift-list; = sift-list; @] A9 el 2B BT ST sift-list; = sift-list; 0] 349 el AE T
Sty 2B R sift-list; Yol 2A8E BlAZ 9 AL Y H2E sift-list; U ol
ZA o= oW E 2359 ARETE G4 Atk o AEZ2ES Apo]o A
Zt a3 EY A= 2AEE AR DAE = sift-next, sift-up R sift-down A
el oef FARoE QA AT o] 59 T2 WAL 4.1.2004 ApAIS] AR ST
sift-pointer= 3 AR M BB XE sift-list; | A T £3] 3= E-H 3 E 24 2] ZQE 9|
o} 9ok, sift-list; Woll A A ej==avt AT, <3514 k=t sift-pointer
€t 7 UsHLEE AHE ke LZF ¢aelS3 27 K7ie] AHEsER A
et AT = e 2AE WA Asl =Y AT sift-pointer< B

AR BEA EFHOT YY) TS WAk

29 41004 B w B9 BATE, 5 4 AR aE W gl AT B

S5} sift-pointert 74el 7= BlATE 2AEY Ad A v ool HE Fu

rlr
=
N
5
L
v
|rt
X,
kad
Wl
fu}
[>
U
|
o

E 2~ 3 (candidate task) 23l 2] str}. K-LZF
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sk Al o] $H Bjaasw Bluge e T84S =0 sift-pointer 7}
7hel7le g e S H A3 E xFeto] ZF HHBAES] R HA BlAa SRR

FHBAITA F K+1719 5 Bla37h EA e LZF Z ol et 2AE

~

Ao o] FHBAESY A WE A5 22 Adste] A% e e A
Haas g Baaz Adeh $18 gaase) 20 54 (35)9 o]

oM M-pi& WA Axddct o] A2 a3 S| B4 S 1T o K-LZF
B

Aol At K-LZF G3e) 59 QA5 54 PASo] tfs) 23 aeh KA

MBI 2EEZ A AZe2EE AT s AdF I shr) 4.1.18 0 A

ATt A3 2ol K-LZF a5 4 A BB X2E sift-listi(1 <i < K) 25 F <
A WA 2T ET sift-pointer7} A Q3= TH |23 ET v LW 2AE
Al Aot} A3 59 wE 5= ¥elng o)y 3 WslE g o7 urads)of

Bk mebd 2AEY Aol 2R E AAES 7 ARAAE sfidist; Vo)A
A BE A7t M A2 ATzt doRE S5 E FAT & Qlojof stk 19
413} Zro] K-LZF &a1e] &L sift-next, sift-up R sift-down®] Al 7}A] A4k F 3o}

A e Bragel FH H2a7 8 £ 9

kit

o sift-next AAF: o] AAE sift-pointer7} ARG T H A3 vt AEE 7

T3 AT} sift-next AARS sift-pointer 7} sift-listy Yol A o2 A3 E 71
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71 =5 sift-pointerE ©] AUtk vk sift-pointer7t 3] B o] mpA] <l

sift-listy 1o A B} Bl 2o 9 X The 3] W9 AL thal Bojerh

o sift-up A4 ZF QBB AE sift-list; (i # 1) TH ej2=z7F AHEH
siftrup@Aro] P ATH 1 T H AT E A A BEAEQ sift-list;_1 & 0]
THh 283 U9, JFAxGA o] e sift-list; NA F AR Z A3 E

Bxrzmvl &5 ela3 7t Hoh

o sift-down A2F: AAY sift-list; 2] A WA BJA2T7F AAEE sift-upA A+ T
Al sift-downdAto] =Y HTH A B EAE sift-list; o] AR 2EE glong
sift-pointer7} 7} 7= T H Bl AT HE sift-listy 2] ZE A3 E 519

E sift-listy 2 o] S A| ZIth utR A 2, o] AALL sift-list;_; & | ATES
sift-list; 2 7St} vl o) & M HEAET EAE wj7hA] AfH O =2 o] F
ey 2ASA e A, sift-listg_1 Q) BlATEL sift-listk 2] Bj2a ool
F7Vste] A&E T I 3 sift-pointer+ sift-listy & 3 HAY AFLo=2 X
Rl

2AE™ ARl A= E BT} sift-pointer ZAE 7F A QT FH B2
sift-next A5 F3 sift-pointer LA E 3] HH WolA th3 ZAHE °]F
AZ1BE O(1) otk B, siftupAdit-e A HE BfA3E AH A 2E o] FA
7122 0(1)Y A7t BREE 7FAh vbd, sift-down 914H2 3 =30 Al H o] K
EXE7F O(K) olth. atA T, sift-down A4

) 2AZE A At 3EFE Ao ok} sift-list; 2 A WAA BlA2 7} TS H)
vk S &k webd K-LZF €38 &9 A7t B3 =+

O(K) o™ v A2 Al vttt O(logN) & Hol= 7Hd A2 darg|s<ol sl
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l--> sift next

t; Silist, || A C D

w
O
O

sitis, -
)
|--> sift next J.
1 - +

| --» sift next | " sift dowr!

Sift-list, || A B - D t;  Siftlist, A B sift up
t, A
| Sift-list, - D

. Siftlist B C D [.-» sift next
: :
[ sift down Sift-list, A C
t8
Sift-list, A B C :
sift up Sift-list, D

t
4 Siftlist, - |
Sift-list, - B ’ C
ty
:l The candidate task Sift-list sift down
! 2
- The candidate and selected task D

l The sift pointer

“+a The sift operations

38 4.2: K-LZF 2AE8 1859 53 o (A:B:C:D=4:3:2:1)

4.2 K-LZF 2AIE¥Y 431259 53 o

B oA E K-LZF9] & B3-S FAAA & A Agsint 13 4.2& 4
Ej2~3 A, B, C, D 7} 4:3:2:19] A& L2 10 T A 7F S Au) A €9ke wj o)

A TAE HojErh o 279 Hlage d482E Y FH a0y
K

o
rlo

Mog 719 lAaas T H AT o2} 2 A 7be)| K-LZF 2A=

fug

N
g

g a3 s Jepdh 0D ul], 4709 BRE BlAIE sift-list; Yol £ 38tc)
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Z7loll= A2 2E ol &7 stuto] MEBXE sift-listy T S A ek B3, sift-
pointere <3 WY QA sift-listy & 5 HA] Bl ol 9 A8k th K-LZF = 2 7]
ZA = A Ao o vl glo] A WA A3 E AEsta AL B A
U=E ATty & W, sift-listy W A AR 23 A AC} sift-pointer7} 9] 2] 8 B
7 FH Eagelq o] & 5y grol 2P Rl o fenw Bz Br AgHET).
sift-pointer 7F A/ sk B3 B7F 2AIEH tiAbo] HAOoB 2 sift-next ALHo]
T4 H o sift-pointer+ Th Bl CE 7| 7| =5 o] F 3ttt w7 A 2, ¢ o

H Eja3E A, Colal sift-pointero] 213 C7F ABIE QOB 2|ty | = sift-next

2 o

ko] AT ty o= TR BlAT A, D = sift-list; W 3 AR efA239 A7}

>

A= A2 =2, sift-down A4O] £ EH W sift-pointer EQE] = BIZE 3]
He Y A AR Bla=2Q BE 77|52 2 A AT} sift-down QA 3 sift-listy
o= D7} AT} ty ol A= sift-listy, sift-lista ] 2472 3 WA A=A A, D 2
sift-pointerol] 9 X3t B7} S H ej 3ot} sift-listo @ D7} AEIE QOB 2 sift-up
AAbo] 3% o] D& sift-listy &2 o] FHCT} tg ol A9 sift-down AAFE sift-list;
of & C2 DE 319 MBHEAEZ BF o] F AT T3 th oAl A E sift-down
Axbol 3 E =T o] W= C7F o]53k sift-listy | A Do} 7 A stA At
AHH o7 o] oA K-LZF €1852 A, B,C,A,D,B, A, C, B, A A2 43
A 71t} o] A A= F 3.2004 HQ LZF AAEE d1u8E9 Ad7g AR

A3 =AM} A3 Tk, Ha AHIA AIZE 2 2= -0.60] 32 FH T AH] A AR

36



UNSATISFIED
—-1=2'<0

OVER-SATISFIED SATISFIED UNSATISFIABLE
2z1 0sz'<1 z" < —1

3% 4.3: K-LZF A ¥HE 2|50 2 gl A3 AE)

43 Hl2z BE A5 4B 52 P

=
=
N
eS|
1o
Y
N
X
re

>,
ﬂllﬂ
rlo
S
>
e?
AU
[>

E ol A8 e Bladse] BE
A% wow AUHES GA%E AL Ao Bk AW, K-LIF & sift-doun
QA AN sift-listie_y A BB 2ET sifi-listye 9 AT AN BF A5} B
Bamgo]l $H B2zt @ 4 gk of Ao WAL ABelAE siftlist )
NN FA BE A5 g e A AW Az} o] FR BaasHA R
347 WEol BR Aol A e P HATh =W WA Juel s T4
AR A9 vhAY Juesed NS BaaBelA 7o} (starvation) A7
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Algorithm 4.1 K-LZF ~A &8 18 &

-Initialization:

All of tasks are contained in sift-list[0] ordered by largest weights
uppermost < the first task in sift-list[0]

sift < the second task in sift-list[0]

selected < nil, merged < nil

siftz < 0, minz < 0, mazxz < 0, z[K] < {0}

-K-LZF scheduling:sift-list[ K|
selected, merged<« sift
siftz < calZ:sift
minz, marz < siftz
forall0<i< K
first < getfirst:sift-list[i]
z[i] + calZ:first
if z[i] < minz then
selected + first
minz < zli]
else if z[i] > mazz then
merged < first
maxz < z|[i]
end if
end for

switch( selected)
case sift:
perform sift-next for sift
case uppermost:
sift < second task in sift-list[0]
perform sift-down until merged
case first:
perform sift-up for first
end switch
return selected

-getFirst: sift-list[i]
return the first task in sift-list[i]

-calcZ: T
return the potential satisfaction index of T
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Abstract

With the emergence of increasingly heterogeneous devices and networks, server sys-
tems are required to support a variety of services with different quality of service
requirements. The degree of heterogeneity makes it more difficult to fairly and ef-
ficiently allocate resources based on the client’s weight. Moreover, as server sys-
tems become larger, their performance can worsen significantly. However, most fair
schedulers are not suitable for simultaneously providing scalability and robustness

in server systems.

In this thesis, we present a fair and efficient scheduling algorithm for server
systems. The proposed algorithm, called K-LZF, aims to achieve a high level of
proportional fairness for the large number of heterogeneous tasks, with a constant
scheduling overhead. The key idea behind K-LZF is to rearrange a set of tasks into
a constant number (K) of lists and select only one candidate from the top of each
list for comparison when the scheduler selects the next task. The parameter K can
be used to adjust the balance between the proportional fairness and the scheduling
overhead. The K-LZF algorithm was designed and implemented in the both AVOS
and LINUX kernel. The results of the implementation and simulation study show
that the K-LZF outperforms several existing scheduling algorithms with respect to

scalability and robustness even when the degree of task heterogeneity becomes high.
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