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Abstract

This paper discusses on the optimization controls of computer systems.
The optimization control is a programmed control of the computer system
for itself under specified optimality criterion and so, as the cost of the control
(overhead) and the rewards of it (e.g. decrease of idle time of CPU as the
results of the control) have equivalent but opposite effects on the evaluation
function, control program must be powerful enough to exercise effective control
on the one hand and at the same time as simple as possible on the other hand.

In this paper, general concept of optimization control and a procedure for
developing control program are first developed and then few examples,
particularly the case of a time sharing system with segmentation and paging
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control more or less precisely, are described.
The auther thinks the optimization concept will be progressively important
with the wide spread use of on-line computer systems.
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Fig. 1. General tendency of the effectiveness
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Fig. 3. Structure of a user’s name space
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~~DAMI G SOTRNTEETH D, * 4 CSI ik
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Lizts, CSLizbB S ewAMNT VTRV HHTIZ,
HRAERABROE - DN UDTHIAAT
BE, THITX > TANMLE/ missing page fault &
FRiES T ARD AL » FRDI LT DIRD,
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@%Eﬁfntz@@ﬂmﬁUobfh%.Lﬁox
54z, Ready m 7 m 2 xi} CSO OxtH L b T,
F 72 Blocked @7 = &% CSI DxfF & bigyhs
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=iy, Y —D2DORENFELTVS. Tebb
Ready DE#HEH LBD X 5K DL D X b HVMR
FELici®d, ZRTRWIBEVWEORBEDT, T
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« Called “Block*
- Another Process called,*Quit”
« Terminal 1/0 Request
Fig. 4. States of the processes and their
transitions
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ThBLFREE ZTOROREZEIZKDEEH TH
5.

(1) Running » 5 Pending ~D#&fT

(i) Slice time over

(ii) RS 24Uk AP 237g—AP %, 7=»
5 ALY 5 TERIR TV 52, THREEROK
DIZAP 230 LB AL EIET D, 2o
WA () LARCARLIRS., Zhil7rx
ANAP OFEA LB BE IR Z LY E
Wi, AP &7 e ADREE OEEIFAE I N
5.

(2) Running 7% Blocked ~D®B{T

(i) Block n—5v# call +%. ¥ fitflbo
Process »% Quit % call 4%,

(ii) Terminal ~®D A JE R —Terminal ~D
AHMDERII—BIEEYE L, Lo bERHEz
DFRTTHECIRIEI e B v~ 25F
XTI L) OT, Zhi Blocked 1235,

(3) Running 75 Ready ~DfB1{T

(i) RS—FZ a7 4 A7~OAHHNER IR
FEETIED DH, ERFMPICST T ONE HE
L DTH B0, RiEx 2271z Ready DRz
& Th3anioSmEKofFL /T LTHE
FEiz LT, b LIDF mEAnswap out A
TREBCB D E, AMNBEREAH LI R 75 A
e = swap out SRTLEFES Z &iZied

(4) Blocked #5 Pending ~DO®BfT

(i) Wake-up—» 5% 7 r+Ap Blocked Fhod 7
r -t A% wake up +5 &, wake ShicS et
213 pending 128 %.

(5) Pending © 7 =+ ADO4|fH 3 X ¥ Ready ~
OBAT

Pending &7 v ARG » 75 22X D
CSI ¥7:3 CSO picxhs, M7 w75 4
153 Pending #HEbrOBEREE BT, CSI ©

OB Lichi» T, CSO ofFizitz
@ﬂu,%@&mafatX%%?.%fﬂtz
13 CSI Mifilebon b &, FAEY —PIH B
—~oD5 vrpi—Eksb, CSO #%i}5E—
BFH5, H7FewArl bicErx) —HIZHD
R—COBEF VI XEDTRERADT VI LIF
& ZhiziiE EEELE®RTH 5. Pending D
ERTmeADS v rH CSLInX v EEsT
RizZ+5E, FO7 e wx(iL Ready BT
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%. Ready 127c% & 3= CSO ixfFHE hic
\». Pending DA TrERADT v 7L
BOLREORFNEL, BHCH-> TEL 5.

ZOXSRANEE S HYD 22 312, On-de-
mand U CIIARETH - 7 Pending W5 F L
WRiER LT LT Lo fo. —RRCEAHIEL
D—oDHEr & LT On-demand D4, It
NCEMAB G2 ELrbE8VEMET 20T
1B7cus,

3.2.4 HEoITK

TSS i@t d 72D criterion & LTik CPU O%
WENETIR TS, TR, TRESSME7 L
Yy XA L, »Eizsnb Job Scheduler & DIEEIZ L
DRI CPU R % % L, »2ILZk 2]
B ERBMNELTWA, REHBIE S B 2
criterion 1@ hich - DXz hd 2O HHT7
ALY RANMEBDORILHEDTHHMD, A~~~
~vy F, {#5FE, REWZEOSENLELT, Thb
BB LIHNLDERNEELDLRIINLTHS.
SRR R % D2 Job Scheduler T3 %
A, B —¥—0Dd LTt CPU EehR% EiF 52
LIREA IS SRR ST A LT B,

CPU OEHRAELI2IRERFERL LTKRD
Z2o0EENRELLID.

(a) Ready DIRTED 7 v € AXFEET HIZ b b
H 53, CPU »8)EC& I\ A —Available page
(A.P) MHEFERT Swap out DT HFFD.

(b) = —H 7 rw AT HDIZ Ready 21
oW G.

(c) 4HDI- DDA ——=~y F,

PED3 % (e) B L TRRO X 5 i 7 =
75 Ay oRETH5. @ ) LT, Zh
LA TELRFRESTHdILY AT A BEIEREIZE
D ERMETHS, (@) ik AP BHFTHEH T &,
(b) iT Ready O 7 v x ANTHCHETHZEHE
KULTED, 2hoIMHRTHOTHLNL TS
S AT hEE LA T biwn,. @ M) ikt
T CSitX-THEBEERBEDTH LMD, HIETFEIL
(i) CSI #f7# 5. (i) CSO #*fire5. (i) f]
LAV DO3BHTHD. EFOR—UEHNFETD
e S AT AREL, BRODORER S hic
DHITRZITB .

BT 5 A RCRELE, T OERTY
AT ADOPRECIESOTREZIRSHZ LT DHDT,

HE#Y AT AORELHE 95

Y AT ADOREXWFECTILEND S, EELTFEIT
%0 L BGRT S EBhbh

(1) Available page D¥ (m)

(2) Ready Queue YD 7 a2 ¥ (pr)

(3) Pending Queue D 7 vt A5 (pp)

(4) Blocked Queue D7 r & AE (ps)

(5) Pending Queue D 7wt ADF v 7 (1)

(6) FFa FaA7AENHELDOT v AK

re N\
(be)

rEMPBH, Edozrnb (1), (2) OHEHET
e THs (3), (4) 11X CS L {GorE
b AR ET DT e e ANFEETHLED) BT,
(5) 1XFEEz12 Pending Queue DEIHT = £ AD
5 vrRBEZX - TRFEXh, Pending 725 Ready
~BATAOEMEYTRLTWS (v oFBNrOLE
ik (2) o7 e AN r/R BHRINEETLLE
2 5h3). (6) 1 CS nifflsbhich’, FXETL
T WREARL, PEEOOBIZIE (1)~(5) @
EE L THbRA.

ChbxDREVHAGHETY AT & OIRIE &
L, FRCHIE LREFREES LTS
WHERD, BENE FEOBCH LREOER S 2
E, ZEROFAMUNRLD &R EXFEBRL TS
BICHi b AT ).

m,(ﬁ,.)

DomainB
L /Domain C (No action required.)
| (Require CSI)

r 24

i x

r Domain A

" mg (Require CSO)

- mo(l%)7b XX X X x XX X
r X X

X X X X XX X X

Number of Available pages (m)

Numbex of Processes in Ready Queue (5-)

CSI; Controlled swap in
CSO; Controlled swap out
O---Optimum policy is CSI
X+-Optimum policy is CSO
Fig. 5. Optimum policy map in n-dimensional
state space
(The case of n=2 is shown where sys-
tem’s states are represented by the no-
des. An optimum policy corresponds to
each of them)
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BB AHERNS (1) & (2) DRTHo1C
ETB. ThbrbAETIRBIEIFHOROEEHE
T, Zh¥ Fig. 5 DX 5iz<t Y v 2 2AFKRk%xT5D
&, BEAPREYELT. ChoAEHAICREFE
BEDOH BN X » THBMAFESNMIET D25, X
hWEERTHE, HOX 5 G HRENEBORDTHA
5. ZOBID L ICv AT ADREBAHERT 5B A D
BE W T3 EOBIRM S, T 3MEr Bz
SEEIR TV 2BEITIL, HRTORBIZISTHE
Eh 3EoFE Bz aEEh, BULVAS
ix7c\, Fig. 8 izB\vT Ready » 7' r £ AKX EE
LTH5E, AP 2D\ T 3FEDEBNTE S, =0
BRE me, my L 335L, Zhit Ready D7 r &=
HomK T

mo=Ffo( pr), mu=f1(p,)
TH 5. Hijaid (3)~(6) DFHTOVTHKRITITY
TH, ThiL{mAkLT

mi=fi(pry Dps P, Per 7), (=0 or 1)
2Bbh5. ThibhFERREDOHEIEECHEMT,

(i) m=my THD ppx0; CSI BF7rc 5.

(i) m<my THD pp+ppx0; CSO HFrc 5.

(i) _EERLMADFERIS Licys,

ThD ZZEFTIEYART 2MlT2EELECTIT
W BB B TFBOERIR O MBI IT 28 » Tus7eus,

B fo, i OBIBREFEERDRE 5 ¥ CLBEITIL
EE LW, BEHMLTOb DRXHEARMIL DL
RBZENTFHEINRDDC, ThaflicHTailt
T3, Thbb

mi=A; pr+B; pp+Cipp+Dipe+ Eir+F;

(=0orl)

THD. 2T V77X Ready D7/ w2 AD
r/R B3 M T 2D LT B LE ;=4;/RTh 5.
*i pp XFERREDOZI VT AR E LTHVS
n, mOKEXIOHEITIIRELPEILVERT,
Ci=0 L35, B

my=Ay(pr+7/R)+Bs pp+Dopc+F,

my=A,(pr+7/R)+Bipp+D,p+F,
NELRD (BEZIE pe TDOLDEL CSIC X 5 %
DE CSO IL X3 bDiTspitdudisbin Ay, z0k

57X Tix CSI & CSO & 2sAmgicfTicbh T
BEERIIFFFCNEVLAL D T DRIEIT W),

ZOHRTIREIED 5 A -2 L LT, Ag AL By,
By, Dy, Dy, Fo, F;, R Dt D b, “hbitEH
iz d 2V RERBCRO BRI bcwv., 2hbd
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RF 2= 2OEERELB LT XY, HEEEEA
BZELERHZENTE S,

mo, my TREFCD -V EZBEXRERS
RCETHS. REOEIRERIMIZAT, 5
SEROEIIFEAE LTIEETSTH 5 0 b,
my, my (ICDOWTESRED

dmi=A;(dp,+dr/R)+Bidpp+D;dpe, (i=0 or 1)
ET 5B &, dpy, dr, dpp, dpe X t1 or 0 TH B
5, BILDAEF D& Ai, AR, By ¥/ Dy %
WRTHERV. @7 R 275 A3 AP OFLT 2
Lz, BEMCIEA®Y —OERMXET S LT call
Ihi.

HWH T v 75 2DFENE m % m X my i
BT 50RTHENLHAT v 7 THEDLH, ZHITHE
WT CS 2fFled & %, FOR—CENRETINC
OWT 3.2.2 T X7- swap FHOEBA A L R
%, feRERBICII—EIC swap ShABAR—-CHL
FHLRTEY, ThLHEA~7 2 —-22ETh?,

DEDHBEI b r R = ORI L
IR fEEE®THh, P-P AL L33 Tk <.
TSS Tit P-P HiEO @I TClzoRcX 5, It
ERERIC T 5 4D & LT Job Scheduler 234 5.
COEEILH D 7 v 2 &) Ready # 7-i% Pending ®
FHELRBIZIIVWB L E, TTEHFEbETV LT &
A L WARL IR 2 7T 75 » CHEERNRALCIS U Ao B i iLE
T5zET, ZOXVAME Slice Time DREMI 75
Xhaz kbbb, DA Slice Time WEDH
A% Job Scheduler (Z & » THELMETH 503, =
DEDOHIBZEL T, ZhETICLEL OFENR
FEINTED, XBETIXECE DV, 7272 Job
Scheduling i P-P i & i3 MSnic 7735 2 Lk
BETH . P-P 4lfs% Job Scheduler iz X » TE
Db NIEGHRFINOIRF  HEERCHACTD,
fii55 Job Scheduler 7% P-P 4lf*Z T\ 57 rt
AEXMRLELTTH, WMHOHE HECFELE
5 BRSO LIV T, FhERMTCHES
R EDiFs.

LS R

HEH s A7 A DRBEHIEZ VTS
KB, FEEHEIA Y 54V v AT A
CELSTIWEELEA A, HROLRBLOHR
TR TCEE > FIRCHE > TRODOND X 5 7r—M
Bl AR ERLFERT, P LAREORE I
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BaADYATF AT LD, YATF b FHFLF—DFKE
L, VAT AEGFW L OSEITIBRT AN E M
ERIRhTW5.
ARITOFIFELTEHRTEAMT D 2 L& AAR
1o DR, HIEHFEOREICZ VT

(1) vAT AOREHEVHTED BN

(2) YATADRBEFEOMICE VL THBIT
EBT 50

EWS BN, YAT AOBBEAFIATS L EF
bdoTEFHE—BIELI R, SHROPRIHHEEIA
5.
RECAMRC DI - THBIE XAV o HETREHE
% 2, HITAC 5020 TSS = AHX&+ @R+ 5
IV L TREOHIGH A 7o B LR AT
BHIE=, GBREERK, 760N S L Hizfimizs)
HEEE LTV R, fE W GEAE), Bk
e, AR %, RE #, BARFOBECELRE
BMOBYRTRETDS.
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