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Abstract

For performance evaluation of multiprogramming systems, a queuing model with a finite

waiting room is considered. The model is assumed that a computer system consists of a CPU

and identical channels, and service times of the both units are exponentially distributed with

independent random variables.

Then, the queuing model is described as M/M/S(N), where S

is number of channels and N is degree of multiprogramming.

Compared with measured and calculated data, an appropriateness of the model is discussed.

Futhermore, some considerations of factors which affect performance of systems are given, and

overhead of a monitor, throughput and cost performance are also discussed.
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Fig.1 Multiprogramming model with a finite
: waiting room
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Fig. 7 CPU productivity of paging system.

SEEN N D&LHEQ IO BEXRE v &L, 1O
WMEBRIARET 4 /O % ov=Av/tt £ § 5. An
& oy 2RO EDRIF(9) RO &K S E. K
L, f(N) QEDE%: & 5 ERLEKT f(D=1 &
¥ 5.

A=A f(N),
pn=p1 F(N), (1SNLeo). (9)

EEEN N 0+Ld0 CPU BHEE ov £THE,
Zhi(4)REBNT p=px LBV BDICKES.
FN) RIERDEMTH 205, N olinice d7s
5T on BRELNUBDT, arv BRIT/HELLSD.
21T fIN) OEILE - TI2, av BEKEEHD
XHBBEENHB.

EED VAT AICE T E f(N) OBBRERIRER
F o TRV, 2ROR—IVENELETS TR
BELTER-IBPBNEAR, SEEMPINE
CATRBEUOBMENBLENTRENS 2T,
BELT FIN) BRRTEDE 3 BAEELS.

FIN)=14+h(N-1). (10)

Fig. 7 (2 £=0.1 0BAKKBTS arv 2 2»
D P IOV TRDIZBDTH 5. 01 BRIVLBS
B NAERELLTHHT OEEITVD, 0 VDS
W av BEDT . EBRIC, N 2dhihRES
T2&E v BEBMICAKELIED, 259 YV T ORE
MBBCH ay BBRIONS SEARFHEL 3.

5., E=HDF—=st=AYF

W I THER L CPU Rz E=2DA —/¥—
~y P& ¥hTV, CPU $HBMBNLHXLTH
A==~y FSRE BN, EBOS veRiTRtT

BESOSSIVS « VAT LDHERLDONT

1045

5 CPU 0EIMTRANEL Y2 T AOREBENIET
T5. COETR CPUBEDS> bFawRILELS
HELZ o2 PRIEEH L, ZOERLTS.

37 u L ABRESER I TRELLEXDIOR
HRE b 4 5E, CPU Bfersf0FEHIR /A T
by, COhCE=ZDORKEIBEINLTIHOL
T2L, =8 N7 0 &2 ICHEL BEREES.
1/A=8 & 1/ ol% (11) Kok Sic m TEbT
&, IFEEREC 50T CPU RO 557w
L RCEZIIRFOHELEEDLTCLITNES. Lichs
5T, BEERL-TOIRELBNEDLET S L,
FuwzxFpRE 8 TRbE¥EIIhBI2)RDLSKK
135.
14~8

1/4

B=an. (12)

0 B—RIZy2FACEBOMEICIEZ b0 EBbh
20, A 3702 BERTOETHE»5 n bF
#THs. Fig. 8 13 Fig. 2 L R—DZ 0w AFIC?
WT7 0 RBROKFABEEHBEELRLDDOTH
b, FEEBCORBEATEIEERZTLNEE LS.

L L, —RICBEENBHMT S L7 02T
BTTRCLEMEILNEDT, UFTCOEEERL
17O RSRERFTZ. FEEB NOEL 20
O k% Ay, 1/0 REERL ¢ (—F), VO %
on=Anltt £§ 3. A—N—~u FEISEBLAL
THEMT 20 LRETSE, Yiv 12

YAy =LA +0E(N-1) 13)
DEHILEDLES. 2T § BHAERTHS. o
RANKEW)REALTO>¥D LIRS

=1-—-A0.

m= (11)

on pr (14)

TI+(1—7EN-1)’

@
o5l A=265  CPU=1
o 7,=0174 channel = |
s 04
2 e axemmn x
08t s
£ *---x measured
O.tF o2 calculated

1 2 3 4 5
Degrae of multiprogramming N

Fig. 8 A comparison between measured and calculated

data of process praductivity



1046 " #

u

o
(<,
T

— CPU Productivity (dn)

o-=-0 Process productivity (gu)
0PU=1, channel=1

L il 1 11 1 1 "l | N
1 2 3 45 6 7 8 9 10
Degree of multiprogramming N -

CPU and process productivity ciw. @

Fig. 9 An example of CPU and process
productivity.

—%, BEBEN N 0L v
N/ S

T T I=—mEN-1) (15)
LEDLEZOT, ¥R, SEEN N 0 L3 CPU
MEE an, FueBRE Ay ETELE, By I12(16)
REMRB. 22T, av JADRE(4)RTRH 3.

Bn=annn. (18)
ay BIXY By 12 o1, 7, € BXU NoORIKENRS
B ooEnd7e e BIC k- THhE ZEEOHET
5505, R/ EE N osoMRE 5. Fig. 9
12 o1=1, ;=0.8, £=0.5 DIBAD av & Sy O
BRATH3. N o®iniceE 75T v BBYIDS
LI 328, av B1IKASSRONTHRBYD
T3 ZOr—ATREZERMNIHEZNR4DETA
T By /KR ENLB.

6. AXP - NTax—=TUR

CPU &7+ 2 VOEIN—EDRE, Touvxy
EBRERNIT YR T LORBRARALT 2. ¢
DrBICIE, Tovky S OER, SEEOHMN, F
P AVOHBEOERMEL SNE. Lo, SEE
DEMBH 2 OIRF » 2VOWBICIBELAO BB
BRFTHE. LihiaT, 7o LRHRHBRLELT
L7 0 LA DOLEBRAMNMKL, TR 0T 5
—e Y ARBIEL S, COBTRCOMOMEE
ERT .

270 RABICBNT, 1OPFHRANBEZT T
B3OKET 2 CPU Ko g%t &5, SEEN
N, Fyar¥t S OL&OMYBRMED PS04

o = Dec. 1975
ZONBHEY (Rv—Fy }) % Hys TEDTE,
Zhid By & TR DEDQL IS,

_B~
HN,s——T-, 17

—kH, YRFLOBHL N & S L&Y Rus T
#FZb7T. ThXD 7o 1EYY O BAH Was i

Ry,s _TRnw,s
Wy, s=mto =0 18
Y= Hus Bw (18)

&85,

LT, BEEL 1 DEPTORMERFZHOR
BZ vu, FrAV1EYOOBRBE ve L35,
Ry,s BRO¥EDXH>REDLES.

Ry.s=Ri1+vu(N=1)+v(S~1). (19)
Lkeh->T, (18R

W,,;:/%{Rl.wwm-l)wc(s-1)} (20)

LB LT, Wi RERICTECEICLRO)R
i

t=MWii/R1,1, vu=AR1,1, ve=BRi:
ERATZECHRNEBENE. KL, A& B2
Ry ZEEC LI EoPERTH 3.

Wu.s=§—;Wx,x(1+A(N—1)+B(S—-1)). @1

55 VAT AET T RBMNEAbNIEE, Wia
& B I3EHENRY, AL B EEEILTEZILH
B30T, Was SBNEBBZE3E N & S 2k
BT epsTE3. Fig. 10 i3, ;=2 p=0.8, £=0,
A=0.1, B=0.3 pBA&D Wy,s & W1 HAKD

Cost performance Wa.s/Wi.c

L L 1 i 1 1 1 A | | 1
1 2 3 45 6 7 8 910
Degree of multiprogramming N

Fig. 10 An example of cést performance,



Vol. 16 No. 12

12b0TH3. HEDBEALHRLIL, ZEED 4
FrAAMN2HEOLEIICIARL « NT 2V ABE
RBERB.

“ ¥ U

BESUS 5V VAT LEZERTNOET NV
M/M|S(N) THET 3L, EBOYRT oL BN
XSHETBCENGDD, LHdEFVHBETD
BB hRISHALT YR T A0BRICET /4D
BREETSCEMTE.

120 Y27 LICET 2RANEF—4, 2FDE
EEN1QL 20 1O RAER, /O LUEE, =20
==~y ¥, REBASSGLNE, TOVART
LADHEE (BEEDPF » A NVBICBLT) P& (7
0y kRS CELTZONESBEBCTFT 3
TENTES.

BT, YRFLDILBETRD + T 3 =TV ROD
BIGRIIRE RS T D BB IN TN, T¥HICHT
OHBREETH 3. (19RTEERLIRHORA
OBFERBEAL LT BN, EEICRETRIIS
ZEBOBMETHBEINIOT, LLART v 7IR
TEAHNE D ERIEFENEONZ DL TR
ns.

—%, BohhkETHoRRINTISREOHE
B, 7aexpBLT 2 EREICKET 31, S8
BEOL SR LTH LI TRRVEBGOSER
OEBBREFL, TRF 74—y XDET
EZRLBANBLES.

COREEFNE, VYAFLADF¥FIN vl L
VHIBSEIHRBIC LTV S, JO BESADE L KERS
2 CPU BfE& 3L 5702 B (0 HEBH T/
) TR, Feire ko 2 FIBEALRISREN
B, coEFNE CPU DA EMBCLTHE0

BESOSFIVS e YAFADHBIKEONT 10271

T, ZOLOIN T o e ABEYUTHBALE-BAET
b, BIZALESK YR T ANBREBITTES bDE
BEbh 3.

COEFNTIZO BHEZIERARCRES D ER
FBLTWHEY, F+AAPYRTFLAHIVIRSakR
BOBHECL - TROSHERET ILE L H A
5. Ff, FrAVBBIAT 1+ 270 NBARE
NHOBRTHNEANSFBEE L.

Wi EEOVRFLOHBLELOHERT LT
P RO EIEAEARH AR > 2 ~ORRE, /M
FEROHKICENT 3.

2 ¥ X W

1) D.P. Gaver: Probability Methods for Multi-
programming Computer Systems, J. of ACM,
Vol. 14, No. 3, pp. 423~438 (1967).

2) L Adiri, M. Hofri, M. Yadin: A Mutipro-
gramming Queue, J. of ACM, Vol. 20, No. 4,
pp. 589~603 (1973). _

3) mh#st: BERF LGNS VvERNLSES
vsy3 vy V2T LAQRN, BFEEEL
sk, Vol. 53-C, No. 2, pp. 57~64 (1970).

4) P.]. Denning: Resource Allocation in Multi-
process Computer Systems, MIT, MAC-TR-

50 (1968).
5) LTRSS : ISAFBTARHE, KIHE
JE (Mg 46).

6) R, /AME, HH, WL, ¥M: VI bvLT
K& BFEY 27 ADRDOHBICONT,
BOEELR 14 BIRE (1973).

7) WA, P, K, WM : 2 —7y b ORIEI
ST, BRMFRELRUL KB A K& (1973).

8) B, WH, B, AR: SE7/ 0L, 4Dy
27 AHEICHET 3 —£ R, WELEELH 15
B4 (1974).

(AR50 4 1 A 17 BS4Y)
(FF150 42 6 5 18 BHZA)




