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A Counter-based Adaptive Priority Scheduling Policy
for the Readers—Writers Problem

Sung-1l Kang' - Heung-Kyu Lee'

ABSTRACT

Most of previous scheduling policies for the readers-writers problem have a problem that they show poor perfor-
mance in one of throughput or response time because they are biased to one class of readers and writers, In this paper,
we propose a new dynamic scheduling policy, Counter-based Adaptive Priority(CAP) to overcome the performance
problem. The CAP policy is based on a dynamic combination of writer-weighting for non-concurrent writers and
reader-aging for small waiting readers. CAP does not starve readers or writers and gives better performance than
FCFS in both throughput and response time. To show the effectiveness of CAP, we present its semaphore-based
solution, and compare the performance of CAP with that of previous policies through the event-driven simulation.
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R: Reader, W: Writer

(@) 52 19 24 ¥

(38 1) SA-ER X2l F IR AflEE g3s
(Fig. 1) Two scheduling items of the readers-writers problem

R: Reader, W: Writer

(b) e w

WA 3 Zo] gdyAoz sy J1E EAE &
Aty M @edA =3se 548 A
A F1A golol &) (b)o] SAtet S M)
ol dolME %S AL HHE 5 dE 7t
g iAol gl Folxl Rael Mo o
glof st BAle e AAF FAek e M
gEo A Folzl HEo) YAste AHs| FYi=
A= iAol AZe & 4 rh

SA-"ap ZAAA Fojob & F A AU 7]
% 54 & #AE ddstes 2L CAP(Counter
-based Adaptive Priority) 4 &c] HEojd fAL 4
wad oy 2. Fojzl Rkt =3 e 7z
stol Exiel gxg HAs Mddsts AT 79 v
Fol ol Zo] ¢ & 7}E AASE AR AN
Aok 2HW dAY £ uFE AdstE UHE
grojok shizd] Fxbeh "xte 9 AHE & F gVl
HFe €A &+ e FRY d7E e 529
Ao $E 7pA T gdsor gty 1¥Y H3s
Aol g9 5 7] JEo Expet A7 FYg v
g M1 doxn & F g X i@ dx9
g A vFE A7) HaMe 539 A 7
3ol Ax(degree of reader concurrency)® 4 ¥ %
ofof AR A% Walele AN 1 gg A
& 5 gk gk, 3 AR FA FP] JxE
F YehFE 2AgE golol gt

A dashe F3E 458 4 dus 7
e g A2d sdd dxrt @49 e o

MARGT B F Ao F 54 F9HE 529
=
L
7

4
>
jid

fe
of

N

Mo & ol o

Ae @A ¥ah a1 wF Ak A
dehie Aem a9 9 Azl 2AYG BE
o9 EA} mRHD 9ge BPHeE NGy 9

. 2882 FA ¢48 529 2 Joyon I
Aok 52 £7h BE BRI WFL Arste
qug A5 @ ¢ Uk olgd Agsel olxel
£ S8 Ex0] £(NepE SA @ 219l 7
FAZ AALG. F, o] 7tFAE A W dE
AR F(Naw)st 28 ¥ AA_drlslz e =%
o £(Nwp)sh Wastd o 2 =& Hess ol
olgA H4d e E3 2 F(reader group)o] T5H
o2 Ads7] S old B o Be Sx7t ol
)t Qolok shn 18R gow Wrl SYFuE
Fol7l Rajol @A wgaA fo "AS 98
god 7EA7} A% FHee Wae 72 BAR
HAAT. DY g g BAI dogE A2
E ousl oA A2e =% Jue 4 Aol
B2 AZA, Newd 27] 489l 12 AHRH
Sale] FA £99 AEE EAR ALss
Ae WAl ma) Sx9 47 gops el ey
et Mo s SAe) S He Aol H@ Ay
Hog AFA7 e EXE Fo] AAHI| dFof
AAHoE &9 Azto] YuA A o FHY %
Mol Wag bg 7ug BEe £994 Fan
AT gt SAE oo Y (aging) 7= Holth T
Adog dojde EAe 717 BAZ fln B
AzHe AT Hetd BRE A%E gae 49
NG 8% BE =g oolA(NwE WEYoR
27098 BEe ALBT = @A oA (Nap)
= o]Me) o)X (Na) + o)He EA Y75 (Nux')7}
A} gher oA EX7) AegEd Ade s 471 ¢
A Gog dolx, Nl %713t 002 A¥PEL}
Sl AR A 4709 WEE AEd WA g &
Aol AdH BF(Co) S AeE BEe e 2

) 39 ANy + BA W83 gl SAY F(Nwp)
o §A F4E S FNer) » 83 PIFT Y TR V)

Caw >1 o[ 5& IFol w34HI CGw <1o¥
el "R P G = 19 A $olE BAE
A= Aol ElRaith. 1 olfE A%IH uiy
2t Caw = 191 45 AR ojg A HNA Npp =
1, Nag = 0°] =3 Extep @z 72h st gi7ista
AE A F2 odojdr} oA w3, AT Fer)
We+ W W RZ Hol W old 7HAe F2 dAp}



1
>3
i
z
Ao
&
iy
10
rot
Ny
o
m
~
e
jie]
A
ol
Bl
10
rx
I>
)
T
on
oz
2
[9%)
(]
<

® . C
N0 Nan0 Ng=0

0+2>170 0+3>2"1 0+5<3%2 5+12>3"2 0+3>12"2 3+4<12*1 7+4>1*0

L—*

» W(1)
Nop=1 @ Neg=2

(2% 2) cAPel 22 T
(Fig. 2) A scheduling pathpath of CAP
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ol 8= = 4709l ZEAA, enter_reader(), enter
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2}, enter_writer(ol Al £2sle "aly Alado] a1
Mol Qg ALl FHHT 1 oo A
ot 528 gart Al29g olgsle exit_reader()
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mtER EW = WR = WW = 0,

=1--AD - 0O

-int-PR 1,77t Oy

enter_reader()
{
P(Mutex);
/* only if no writers */
if (EW + WW ==0) {
ER++;
PR++;
V(Mutex);
} else {
WR++;
V(Mutex);
P(Reader);
}

} /* end of enter_reader */
exit_reader()

P(Mutex);
ER--;
if (PR * WW < AR + WR) {
if (WW > 0) PR = PR + WR;
/* wake up all readers */
while (WR > 0) {

WR--;

ER++;
) V(Reader);

} else {
/* only if last reader */
if (ER == 0 && WW > 0) {
if (WR > 0) AR.= WR;
/* wake up a writer */
EW++;
WW--;
if (WW==0)FR =L
) V(Writer);
}
V{mutex),
} /¥ end of exit_reader */

semaphore Mutex=1, Reader=0, Writer= 0

enter_writer()

P(Mutex);

/* only if no one */

if (ER + EW + WR + WW == () {
EW++;

V(Mutex):

} else {

WW++;

V(Mutex);

)P(Writer);

V(Mutex);
} /* end of enter_writer */

exit_writer()
{

Plmutex);
EwW--;
if (PR * WW < AR + WR) {
AR = (;
if (WW > 0) PR = WR;
/* wake up all readers */
while (WR > 0) {
WR--;
ER++;
} V(Reader);

} else {

if (WW > 0) {
if (YR > 0), AR = AR + WR;
/* wake up a writer */
EW++;
WW--;
if (WW==0PFR-=1
V(Writer);

}
)

V(Mutex);
} /* end of exit_reader */

(32 3) CAP 2AI=E

Hzio| MopEo] 7(etel B

(Fig. 3) A semaphore~based solution of CAP
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7+ 2A " A4 4% H7tE A% HEL Sim-
pack[9]& ol &3te (29 3)9 4749 ZRAAHE Atd
{event) &2 A3 Ald-71¥F A gEoldez o5
At =3 HAL Exbe} "z FE EFE(arrival
rate)o] Ap¥ Aw?l FEobg EF(Poisson distribution)
& 3, F3 AzHservice time) 77k} Bl 1/ pp
% U pw 7V H-¥(exponential distribution)E &
RAez AR o 71X =2 Hdg spEE]
Aate Hxe =& P49 HAe] =& F(AwWE
FH 2 & F(AP7F 2000700l o] Heo] EF A
g 74 AAEH 4% ¥ Z(performance measure)
2 A2 ¥(throughput)® 3 dl7l Al<Hmean res-
ponse time), 121 FthA FBJ(relative fairness)
S AgEa, AFEd BNE 93ty 53¢ "R}
ztzkel P S A7E @A siwalgo. TFEK)Y
2E dAA K9 datd 5S¢ vad 4 gv] dE
o ooz MAY K=4F 713 APt

Ax #4718 98 4L A 4FEeR FAHY
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(© 52 ¢4 Azt

MEN M AHEE TM 3003
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g Haetr) Astel Sxsh WA T w&
AHAA I Sae) 9T 59 Aol ¥R
He A%, TL AL, A AL ] 5y
Aotk BAY +8 Azl 7 A%E Bl A
e B39 sof wdste] Axd Ralrt Frhe
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F2 949t F ud 4ge Rae 3
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g A2 THA FHolN BAs DR TS
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S48 Aotk A WA 4¥e WM2AE NS e
27 el de Wee BAS] g5 =3 17
& %7]3 ¥ Z(hyper-exponential distribution)2 A
Aot B2 AFE FAAAEA 4UL & Aolg
de ) WA NEe 4 2AZEY A9 45 §
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Aol T4 WEe 101 MRS 37H s
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'REREE
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T
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(d) 82 §9 Azt
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(Fig. 4) Performance on the component ratio of readers and writers
[Ar=2000, 47 =0.2, 42=0.2~00, 4w=0.0~0.2, #2=1.0, pw=0.1]
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