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On the Effect of Power Saving by Auto-sleep Function of
a Computer System II—Queueing Model

HirROYUKI OKAMURA;t* TADASHI DOHIt and SHUNJI OSAKIt

Recently, the automatic sleep function of the hard disk or the display in a computer system
is rapidly recognized to be important in terms of power management. This paper adresses a
problem of how to determine the optimal sleep timing when the computer user should turn the
hard disk or the display off in order to save the electric power after the computer has not been
accessed. We propose a stochastic model to obtain the optimal sleep timing strategy which
minimizes the expected power consumed per unit time in the steady-state, when the access
requirements arrive at a computer according to a renewal process. In this model, if the first
transaction is accessed, the other transactions arrived later are cummulated in a buffer until
completing the process of the first one. We derive the optimal auto-sleep strategy analytically
when the access requirements arrive in accordance with a homogeneous Poisson process and
the buffer behaviour follows an M/G/1 queueing process, and provide three approximated

solutions for more general cases.
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Fig. 1 Configuration of an auto-sleep system.
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F A 7 VOBRFREOEPR I
T'(to) ~ Tapp2(to)
1
 (1- p)Iapr2(to)
8
+1_p
LY, 1A 7 VAL L BEIFHEBES O
A
C(to) = Capp2(to)
P, .
! {1 I p + I f pE[nAppz]

h Tapp2(to)
P 1-pP.
+ E[narp2 A to]} + %_p)_zs

(40)
L%, INOEAWT, ERHREICBT D HATEE
H7zh) DHFHBR B

V(to) = Vappz(to) = Carpa(te)/Tarpa(to)
(41)

(T + E[naprp2))

(39)

ki b,
R (31) LRI, FERFEEK
gapp2(to) = {(1 — p)P1 — rappa(to)s{pP,

+(1 - p)P} }TAPP2 (to)Tapp2(to)

+7rapp2(to)sIapp2(to) Carpz(to)
(42)

EERTD. TIT, rappa(t) & Iappa(t) DNV —
FRTHD,

_ dlappa(t)/dt
S e
___exp(=pt)F(t)
h ft°° exp(—pu)F(u)du w43
TH5b.

PEXD, Vappa(te) 2B/NCTHRBERA ) — 7B

Bty CETAUTOERLES.

5.2 ML 2) I pPL + (1 — p)P2 > Vappa(to) ®

TT, (1) 7 7 L ARRBME B OME ML F(t)

A% DHR £ 1 5.

(i) qapr2(0) < 0 2*2 gapp2(c0) > 0 % 5T,
EERBCBI 2EMNBES ) OBHHEEE
NeBPCTEERCHE—DRBER ) — T B
DIFEPME t5 € (0,00) PHFFEL, FERFEHER
gapp2(to) =0 2R T 5. 0L EDB/MHEE
HEEIZ, ‘

Vappz(to) = pPr + (1 — p) P
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(1) DHR case number of access
requirements
A
. s T T
=0 0<ty<oo tg o oo it [
f } |l » P,/P,
0 T Zin) |
1-p Zatte)
T T Eiipra] 1+ Ziw AT
ri(=)s ! T B
eSS - » time
(I1) IHR case 6
to
=0 fo = o0 7 EEcEflofeR
[ } » P,/P, Fig. 7 Schematic illustration of the diffusion
0 ’ E[fan2] approximation.
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Fig. 6 Optimal sleeping strategy based on
approximation 2.

(1-pP
 rapp2(t3)s (44)
L5,
(i) qappa(0) > 0 % 5 RER Y — 7B £5 = 0
LYy, BANRFEEBEENR

Py (1 + pE[napr2])

Varp2(0) = 7+ E[napps] + s
{pP1 + (1 = p)P2}s
7+ E[napp2] + s “
L% b,
(i) gappa(c0) < 0 % HIETRER ) — TR

ts— o0 L&Y, BNARHRENZ

Vappz2(00) = P 0
kb,

(2) 7 7 L AE SRR ORI F(t) »° THR
E¥ 5,

(i) P/P<1 + E[nappz2}/s 6Tty =0,

(ii) P2/P1 >1 +E['I]App2]/s b ty — oo.

H6 XEH52ONBTREHELALDIDOTHS. Kb
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5.2 3EE51ICEESRS.

KRETE, RETRELLZAUFELIE1(E
HAEAERHAVAIEILX T, BBEAY T RKEE
PRS2 LB RAD.

6. i A Bl

BLTFEREELT S -00FMEFEL LT,
THGERDTH 580, IHGEB L 13X, FHITHI K
T AHHER AR L ERKEILBBREIC LT

YRy NI = EOBMER VAT AR ET VLT
ABICFRIFENRTWDS, 77t AERBERDERK
BEL GI/G/1 HH4751BE %, ZhEnEER
{Zi(t);t > 0} (6 = 1,2) THEBMT AL EEXSD
(R 7 21). HEBR Z:() =1,2) KHLT, &
BRANTEH a; (> 0) L3E#VST A—% b; (> 0) 22T
DEICERTS.

o E[Zi(t+ A8 — Zi() | Zi(t)]
a; = lim )
At—0 At
(47)
mznm\mwm+An—zm|zm]
At—0 At
(48)

Zh&, BRBE{Zt);t>0}(i=1,2)d3FU7
MEEEOL1ATT I v EEEEL S, bbb,
t=0D0R)—TRTHHERTT 7t ALEZH
BT 5FETIE Z1(t) = arit + VEIW(t) T CFHDE
BT L, 77t ARBERBEPLT 7 L ARKD
BAS012% 5 F T Zo(t) = Z1(0) +ast+ VbW (t) T
(TFHOERT) BPT5. T2T, {(WE),t >0}

0, Skt OBET Sy VEFBETHD. KT
BT O 2ty XY HAEWV (RY=T
E—FIALRW) BED, s+7 2 7 CBEBERS
CEWEDVEREICRD IO, 1RE2KRE—AVID
TVF VT RERTAIEICE ST, EEBI

=A(>0),
az = /\—'l/«(< 0)7

b1 = A3a2,

by = X202 + plo?

#1585,

PGB IR R B TH 520, VAT A
PIHCT &7 2 AERDFE LW EV ) B ERFICEL
DI T LHHEEEE kB, 2T, HEGERE Zi(t)
WHT 1LICEHET HRH,
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0 =inf{t > 0;Z1(t) > 1| Z:1(0) =0}  (49)
PH—NOZEIFMIHET 2D LEZ T, %
HIB OMERSHEE I(z | t) % 0 ORHABEEIC
Lo TEBT LI LATES. HOLDIT, 0 OBES
BB Y AFHO L R BOT, Z=EPESA
Iz |t) &

I(z | t) = Iais(z) = Pr{6 < z}

-1 2a1
=[] ren(5)
e + exp b
~a1x — 1]

Vhiz
Eib. 22T, O] MERERSHERTHE. =
n& y), e @%%Eli
E[n:] = E[6] = 1/a, (51)
E[n: A to] = E[f A to]
1 & [—1 + altO]

a bito

R SR
P b bito

ol

x @[ (50)

2 voifo 1

1 —1 —ayto

-em(30)2| Jite I}
(52)

&b, ERoBREXER (6) LR (13) LRAT S
ZEIE ST, 19 A 7 VOREEEOENRIE

T(to) ~ Tais (to)

1
= g (r ¥ E[H])
+3 - - (53)

%Y, 1Y A7 VFICE L 2BHREEES O
A

C(to) ~ Cdif(to)
P1 T
== =+
T4t (to) (1 -p 1

+E[¢9/\t0]) +.’ﬂ—+1(_}_.___;p)P23

p
— Elf]

(54)
kb, K (52) & (53) R HVT, EEREILBITS
BARM & 72 ) OMFHEBREHOELRIZ

V(to) = Vait(te) = Caie(to)/Tait(to) (55)
Ik > TRHEX ns.
Wi, DTIORT X9 I EE

gaie (to) = {(1 — P)Py — rait(to)s[pPy

+(1— p)Pz]}Tdif(to)Tdif(to)

AVE2—F VAT ADOHBRA ) —THEC X 2B BIIE II— & L ITFE7 N 1035

+ 7aif (to) sL it (to) Cait (to) (56)

YEHRTH. TIT, Taif () I3HERGATAEL Laie (2)
DONF—-FRTHY,
dISif(t)/dt (57)

Tait(t)
WKEoTERSNS. K (49) 25 ra(t) BT B
TOWMBELHS.
#HE6.1. UTOHELEHETS.

. 3h 1 Qb%
tm = 2a'f’+a1”1+4af’ (58)

raif(t) =

2
iy, = %-1-‘ (59)
IOk ZHER
2
raif(t) = LI 3__1 (60)

2, " 2% 2,87
EWMET D te € (tm,tn] PHEETIUD, ras(t) &
t=t. TRAEZ L DHBEHKEES.

FERRIIICHL 10) 2B & v, D LoBEOT T,
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B Vaie (to) 2 BT BBEA Y — 7Bl ¢35 1280
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EE 6.2:pP, + (1 — p)P2 > Vait(to) DTFT t. €
(tm, ta] BHELET S LIRET 5.

(1) qae(te) < 0 22D gait(00) > 0 DL &, i)
qaif(0) < 0 2 6IF, EEREICB) 2 BURHD
720 DHFHEREN 2 BT 2 ERTHE—OREA
)~ TR OEMME t5 € (te, 00) L, FEHBH
BK qaie(t5) =0 ZWET 5. 20L& XOB/NIEM
BEN,

Vaie(to) = pPr + (1 — p) Py — (:d;(fg)}:
&% %, (i) qais(0) > 0 % 51X quic(fo) = 0 2 HET
% to € (te,00) BPHEIET S. &5, REK

P {1+ Xs+ A7} :
S{Pz - )\T(Pz - P1)}
DALY 5% b I, BBR ) —TEEOELME ¢t =
to LY, ZOLEORNIFNBEN

Vase (0) = P(r + pEWl) : E{[/;ﬁl- (1—p)P2}s

(61)

rai(fo) < (62)

(63)
KEoTHERONDG, Z)THRVEEIT &5 =0 &
%5.
(2) qait(te) > 0 F 724 qait(0) K0 DL E, P, >
As(Po — Py) %63 t5 =0 L% b, £5Thithid
to o0 &%b. ZOL EORNHHEBEN T
Vdif(oo) =P1 (64)
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RETI, 7 7 AERER R IREO T 2 K E
TERVBAICEARRY, EFERBICBT b B
7 ) OMFEHEEN 2 RACT HAREAR ) — T
B ABERICRD B E EDIC, RESNLIEHOE
PFRELEUBEOBR I, OB T 5.

7. B 1@ Al

22T L FRRIC, 72 AERERR % R
BV 7 EECBVTHIRBICRNENRLET
OEBEERRTIEICLY, UTO L) 2AHEES T
(phase-type distribution) Z{RKEY 5.

F(t) =1 — aexp(Tt)e. (65)
TIT, aldm (>0 ODREEFOHENIM, e
BETRTOEEN1THAIRES m ODFIRZ MV, T
HAERIE THETAERRETHL L)k mxm
FHITHY, Te DEERRFEETHELTH. 72,
7 7 e AMBEEE S IIENT X —F p OB
RET 5.

ZOLE, AvEa—FONy 7T HICERSND
77 ABRBI Ny —va vk bk PH/M/1
BRI R R L, 23S I(z|t) i3

I(z|v) = /oo F(z +v+1)dG(t)

/ / I v+t -

« dF (u)dG(t) 66)
reh. 3K (65) PFEE v KELTI 7T I AKRT
5E,

I'(z | 2)
I(a: | 0) — pa(zI =T)! exp(Tx)e
z—p+pa(zl -T) !
(67)
%185, 22T, z B3I 7TRAEEFTHY, 11

m x m OBFTHTH 5.

F7z, I(z | 0) BNr—varktdhbiwil
O GI/M/1 HHFFIC B 52 XS TH
Y, z BT BTT 5 R AF VT = A% (Laplace-
Stieltjes transform) AT D X H12% 5 Z LA 5

THHLEE

RFICRE Mar. 1999
nTwa,
el p{f*(w) — 63
/;_0 exp(—uz)dI(z | 0) = TR
(68)

2T, fr(u) 37 7 e ABRBAEREREBES A F(t)
DIGTIA AFNF L AERTHD. $/2, IV
T4 BMEN p<1 DL E, §IIUTORFRKEHE
FTH1EY NS VHE—DRERS.

§ = fr(p(1-96)). (69)
R (67) DTS I AKKRE LD LICLY, EEH
Mo I(x |v) 2B@RHIBLIENTES.
BUEETEICBWT, DT L) %/87 X — 5 ZEE

T5.
—2.22 044
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37, MOEFNVIIST A—F% 7 =0.05 P=10,
P, =30, s=12 &L, 727t RAERFAEBHER
DINT A—=% N EBALERLBEORERY) - Tk
ML, 2OBEOT/MIEREN & JENISRD 5.
ERUSE ORI I, KO L ) RANEEY AV
(GEBME) — (FBH)
(EEE)

X8 ik, AV =B/ to [IxT AEFIREBIZBY
2 WAE S 72 ) OB R BN OREVEEUR L
bOTHB, ThED, EU2 LEEEMCETNT
B S NEENBEN I, FRPREROMEY b
PREHIIERDL LNTVE I LS hs. Thbb,
7 27 & AR R (SRR A & ARE L 723
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expected power

/ Vdif(t:/) )
/ / app2(f0
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EEREK B 2 BURMS Y OHBERENOREY
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Fig. 8 Behaviour of expected power consumed per unit
time in the steady-state (A = 0.5, = 1.0,7 =
0.05,5 = 1.2, P, = 1.0, Py = 3.0).
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®1 EPFEORE (1=10,7=0.05,5s=1.2,P =1.0,P, =3.0)
Table 1 Comparison of approximation methods (1 = 1.0,7 = 0.05,5 = 1.2, P; = 1.0, Py = 3.0).
exact approximation 1 approximation 2 diffusion approximation
A ty V(t5) ty  Vappi(ty) error (%) ty  Vappa(ty) error (%) ty  Vai(ty) error (%)
0.1 | 0.000 0.351 | 0.000 0.264 —24.690 | 0.000 0.375 6.750 | 0.000 0.392 11.741
0.2 | 0.000 0.558 | 0.000 0.475 —14.878 | 0.000 0.623 11.606 | 0.000 0.667 19.632
0.3 | 0.000 0.692 | 0.000 0.641 —7.408 | 1.645 0.760 9.775 | 2.008 0.812 17.308
0.4 | 0.000 0.787 | 0.441 0.766 —2.659 | 1.944 0.839 6.646 | 2.320  0.886 12.603
0.5 | 0.449 0.857 | 0.843 0.852 —0.602 | 1.988 0.895 4.443 | 2.599  0.932 8.799
0.6 | 0.644 0.910 | 1.071 0.912 0.162 | 1.980 0.936 2.812 | 2.880 0.962 5.654
0.7 | 0.793 0.950 | 1.234 0.953 0.295 | 1.979 0.965 1.573 | 3.182  0.980 3.154
0.8 | 0.955 0.978 | 1.384 0.979 0.194 | 2.000 0.984 0.709 | 3.517 0.991 1.374
09 | 1.185 0.994 | 1.582 0.994 0.065 | 2.112 0.996 0.199 | 3.898 0.997 0.337
09
229.00
0. 109.39
0 Approximation |

“Tralfic Intensity

& Approximation 2
R Diflusion
Approximation

34740

478.69

0.00

5000 10000 15000 200.00 25000 300.00 35000 400.00 450,00 S00.00

Rerative Ercor (4)
X9 HRMBENOMMBEIIBISENS v 7 19 7HEOHEEY
(p=1.0,7 =0.05,5s = 1.2, P; =1.0,P =3.0)
Fig. 9 Dependence of traffic intensity in relative error of expected power
consumed (g = 1.0,7 = 0.05,s = 1.2, P, = 1.0, P; = 3.0).

B, Vappa(to) & Vaie(to) 1XB% V(to) O LR%EF
BLTBD, ETHEBENLERRERITIIL2RL
TWA, TR LT Vappi (fo) 12, A — 7B
HEHREVWEEEIN L ) OBET Vi) 2EMT
5 ENTEDH, MEVRY —TEEEICH LT3
B TFRUET NP5, 81T, BN
BENORYBELHMEZOBE PO B L3O
Thb. /8T A—% A OEIFKRELENE, wTn
DFEPFHEIC L > TRONLERD ZOBELHET S
EGH5.

—7%, B9 I h57 4y VBMEOBILIINT AKE
PFFBICEDVWHEREL B L b D TH B, =
DEPS, FTT 4y ZHEINE LR BIZONT
W2 LIEBCEBUCESWTEE SN REA ) —F
e O B AR OIS A EMICH Y, ELLL
PEDBIFRIERPHERE5 25 Z EFHEARNS, K
BUTEELTWAEFTLVTE, —FavYa—o)

T 7RIS AMBERET AL, Ny 77 RICE
BLTYB7 7B AERN % 55T TRENICT 2
T ARBETHLRITNE LR LRV, 20728, ERIC
T 7 e A BB EAT S D, MY TEER
N7T 7 AEREF Y VNV TAEFTVERBKLT
Bl %oTwh, ZOLIGEFVOEFLORES
B, EPFEOEDEICKESEELRIZLTVWS L
Z2oN5. E5IT, M9 IIBWTERD S N/-EEN
MHNIR E VRS, EUFEOESENBE SIS
BADTHCEIOLND, 22T, EUMICER K
TR A ) — 7R 2 BB ES Vto) WRAL
TERER2 IORT. ROKBRDPS, BERAY T
RREOHFHREN T 28208813, Bl T
0.1I%BETHY, +HERICHZ ) 2EUTHBT L
D5,

Rz, EBOBRAT -7 IR TV BEEA Y — T H
BOREEHICOVTHERE, EELOFBRT 3LE
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F2 EERKBICBY BN OMEERENICET 2 HMREDMb
(p=1.0,7 =0.05,5s =1.2,P; = 1.0, P, = 3.0)
Table 2 Evaluation of relative error on expected power consumed per unit time
in the steady-state (u = 1.0,7 = 0.05,s = 1.2, P; = 1.0, P, = 3.0).
approximation 1 approximation 2 diffusion approximation
M| thppr  V{thppy) error (%) | thppy  V(EAppy) error (%) the Vthe) error (%)
0.1 0.000 0.351 0.000 0.000 0.351 0.000 | 0.000 0.351 0.000
0.2 0.000 0.558 0.000 0.000 0.558 0.000 | 0.000 0.558 0.000
0.3 0.000 0.692 0.000 1.645 0.715 3.364 | 2.008 0.722 4.384
0.4 0.441 0.788 0.127 1.944 0.805 2.298 | 2.320 0.812 3.178
0.5 0.843 0.858 0.109 1.988 0.870 1.545 | 2.599 0.880 2.715
0.6 1.071 0.911 0.122 1.980 0.920 1.025 | 2.880 0.931 2.284
0.7 1.234 0.951 0.103 1.979 0.956 0.599 | 3.182 0.966 1.644
0.8 1.384 0.978 0.058 2.000 0.980 0.274 | 3.517 0.986 0.916
0.9 1.582 0.994 0.019 2.112 0.994 0.079 | 3.898 0.997 0.306
®3 TEREBCBI2HMBMS ) OB/HHHEENCETIET -5 2HVAEF

fii (m, = 0.618,08, = 45.781,m, = 0.149,3, = 370.263,7 = 0.0, P, =

1.0, P, = 10.0.0)

Table 3 Evaluation of minimum expected power consumed per unit time in the

steady-state using the real data (m, = 0.618,8, =

45.781,m; =

0.149, 8, = 370.263, 7 = 0.0, P, = 1.0, P, = 10.0.0):

approximation 1 approximation 2 diffusion approximation
s | tappr  V(thpp1) | TAppy  V(tAppy) tais Vi{ta)
1.0 0.000 0.846 0.000 0.850 0.000 0.058
2.0 0.000 0.859 0.000 0.867 0.000 0.882
3.0 0.000 0.871 0.000 0.883 0.000 0.905
4.0 0.000 0.884 0.000 0.899 0.000 0.928
5.0 0.000 0.896 0.860 0.914 | 29.421 0.945
6.0 0.000 0.908 4.952 0.929 | 35.669 0.955
7.0 0.000 0.919 | 12.062 0.942 | 41.571 0.963
8.0 2.341 0.931 | 22.168 0.953 | 47.164 0.970
9.0 8.040 0.942 | 35.342 0.962 | 52.475 0.976
10.0 | 16.907 0.951 | 51.707 0.971 | 57.530 0.982
KREIEREHFIBIEEFHECRELTHA 3 RET 5.

BOT—2AF—Ya it LT, 77 L AEREH
R ERBEOT - 2 RE L. T — 5 DREY
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s DAL A BRER Y — TR ORLMES L UK
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