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Abstract
A new resource scheduling algorithm for balanced throughput/response optimization is

presented. The algorithm, called the General Resources Manager, employs priority control

of a central processing unit and channels, as well as swapping. The scheduling scheme is

based on a feedback concept, which keeps the utilization of each resource and the service

rate of each process within prespecified ranges.

Experimental simulation reveals high performance in various interactive/batch applica-

tion environments. Performance is compared with the traditional algorithm which

employs only swapping.

The General Resources Manager is expected to increase the efficiency of multipro-

grammed computer systems.
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Table 1 The characteristics of the workload model simulated.
T Transaction Batch Transaction Terminal Initiated Transaction
Characteristics T — | CPU bound 1/0 bound Interactive (I) | Executive (E)
Execution Requirement (steps) 12M 6.6M 100k 12M
Working-set Size (pages, 1page= 4k Bytes) 40~60 40~60 20 40~60
1/O Operation Frequency (/100 k steps) 1.0 10.0 1.0 1.0
Page Fault Rate (/100 k steps) 05 0.5 4.0 0.5
Think Time (sec) - - 20 20
(1) "—=Fy=7. .27 ,
_ Block Multi-
BELBREMRE Fig. 3 ioRd. hRuEE Cotral (P e EI:I il tl El]
- . - Disk x 8
BEOEHMIEHEEEL 0.5ps/step & T 5. EXEY Er?tcessmg 3“" I\é;it‘:;l
i exor
B 27 ARFEBARO:2—F I ERERD | L FJ E1EJE]
P =2, 5 N I 1~
T, ST STRTA AR IR 150 | gy gy PeorCront—( ) ] Drumx 1
k Bytes/sec), 2—H AP BH 754 X2 850DF | (User Area) - 1
. 1.6 M Bytes Multiplexor F——2 (]
4 A7 (UrXHE 806k Bytes/sec) &9 3. Channe} M 40 Terminals
(2) 7—Zua—F.x7n ‘hj\\\L\g

Ny FLELEDORAELT:, Tablel KT —7
o— FLZEET 5. Tablel icBWT, AHOLE
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B 77— EHES AT
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Ny F e bFUYYIY 3 VORBER)II8 LT 3.
CPU bound & I/O bound O 2EAHBEL 7-DIT,
BRABERHBSRLEDLDDIIHTHS.
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H. A. Anderson'®, A. Scherr®Z0EREELBE
L TEDI. #EiL FORTRAN /5 4020
ETMEAZBEL T3S,
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Fig. 3 The hardware configulation simulated.
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Fig. 4 The specified service objective functions to
control relative service rates.
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Table 2 Performance comparison of the two sched-
ulers (GRM: upper row, SRM: lower row)
with respect to the processing time of ter-
minal initiated interactive (I) transactions.

S 7 o2
—w 1/E|

k 36/4 | 32/8 | 28/12] 36/4

0 {04 47 {o. 51 {o. 48 {o. 43

Processing Time, Mean 0.55 0.83 1.98 0.62

(sec) 0.42 | {0.63 | {0.61 | f0.42

40 {0. 70 {1. 35 {2. 48 {o. 77

& {o. 30 {o. a {o. 34 | g0.27

Processing Time, Standard 0.31 0. 64 1.35 0.37

Deviation (sec) 0. 20 0,59 0. 64 0.21

o 0% 10 | &% |65

w {1.00 {1.00 {1.00 {o. 75

Processing Time, 909 1.25 [12.00 |14.00 |\1.25

Accumulation (sec) 0.75 1.25 1.25 0.75

o 5 {3.00 {5.50 {1.75

0 {523 {466 {413 {523

Number of Completion 524 463 379 525

(/300secy | | 32 462 408 530

w| 3 {446 {31 | (339

W YHF IV a VERBO LT YY Iy a VEDE
IR HOT, EENLEETHS.
(c) 20MDEIm 5 2 —2
P(RM), P,(CPU), P.(CHm) oBEHAEMIZ, &
K#15sec, 2sec, S5sec L7 HiMAERELDIC
bELTHI LI, A—~y FOBAEEL. L
-, BB ED T v F Y g vEELH
BHRETB. P Y IV s VORBEHEKICRS
VBRI M THEEESSZ 20 LickD, HEM
BOMTETLTLES K3 ENI T V¥ oy
a VICHLTHY—ERERET B ENTE S,
ZOMD/NT X —FREMEILUTOEE O TH
5.
pcru=T0, pcur=pcnz=30, am=PBu=ru=1
SIT=SOT=100, ar=1, Br=2, {=0.02
7=0.13, a.=f.=1, v=0.01, £=0.13
5.2 MEHERER
3EDNT A — B EEZTHELT>7. BLiZ b
SUFIV a /*QI—F VS b L X wTH
5. BRWAKETHYD, IE i 40 #KDH> BT
IR, ERSFENS VYo va vERETAHEAKD
HAERYT. B313/%, FHH:THY, CHI/CH2 27
P AN BLEBRATEINI VIV a vBEF v Fv
2ERERTI IS V¥ v 3 VEDHTHZ.
DfEds 6/2 D& XFIED 83%, %HED 50% % IO
bound & U, 4/4 O& 2HEE S 50% % I/O bound
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Table 3 Performance comparison of the two sched-
ulers (GRM: upper row, SRM: lower row)
with respect to the processing time of ter-
minal initiated executive (E) transactions.

= CHyCHZ 4/4 6/2
"‘\% 36/4 | az/8 | 28/12| 364
0 {94.3 {94.5 {121.7 {60.9
Processing Time, Mean 57.8 86.7 9.9 62.4
(sec) 86.4 | (87.7 | f112.2 | (60.4
o) (357) {61 {7as &
0| {30-6] f30.0 {332 {25.5
Processing Time, Standard 34.2 35.3 48.8 37.0
Deviation (sec) © 34.4 35.2 {3246 {27.8
{29.7 34.0| 151.9| 128.6
0 {140.0 150.0 {160.0 {10040
Processing Time, 90% 110.0 | 1130.0 | 1150.0 | 1130.0
Accumulation (sec) 40 | {130.0 | 1160.0 {160.0 {so.o
{so.o 100.0 | 1150.0 | 80.0
o s+2.1{17+3‘ 6‘;{21+4.5{12+1.5
Number of Completion 1341, 6{\204-2. 4127+ 4. 61144+0.9
|
(/300sec) | o {10+L5‘{18+4.1‘{22+4.5{12+244
1742.6125+3.3, 29+5.4] 204-0.7

Table 4 Performance comprison of the two sched-
ulers (GRM: upper row, SRM: lower row)
with respect to the processing time of batch

transactions.
== CHI/CHZ | "“4'/"4' 62
XNK
w - J/E
L2 ] 36/4 | 32/8 | 28/12 36/4

{1227 {140.9 {90.7

Processing Time, Mean 137.6 | \214.4 | 1109.6

(sec) {109.6 {158.4 {76.5

177.5 102.2

Processing Time, Standard 75.9 12.9 57.1

9
9
{50.5
60 {28.:3 {39.8 {27.0 {40.2
Diviation (sec) { 7
8

44,6 {50. 8 {52. 8

49.8 56.4

0.0 \i70.0 {170.0 {150.0

Processing Time, 90% {270.0 230.0 | 1190.0

Accumulation (sec)

0
0
o] (33 e | = 28

60 {25+4‘4{14+5. d{xéig:g]{zo+5.3

Number of Complection 19+4.5]\11 +4. 6 15+5.0
(/3008ec) | 0 {30+3-2{17+4.0{12+3.8{25+4.8
18+4.0\ 9+3.2\ 0+45.9114+4.6

60 {19.7 21.6 19.2 18.3
19.6 24.4 26.4 23.1
NWL, Standard Diviation

18.6 | (23.9] (22.8| f17.0
0| | &1 B (s

95, Bz CPU bound Tk 5.

(1) ¥—YRASEEN (E5H)

IRQEE, EBLFE, Ny FOELF vy g v
@ processing time AT <4 Table2, 3, 4R
3. processing time %, FI V¥ I a3 YAFEL
THSRTET & TORBRRE KD, 90% accu-
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Table 5 Performance comparison of the two schedulers (GRM: upper row, SRM: lower row) with

respect to throughput. \

4/4 6/2
36/4 32/8 28/12 36/4
60 {582 006 {579.429 {586.136 {572,415
561, 972 555, 117 551,134 520, 586
Throughput (su/300 sec)
40 {650 774 {623. 433 {605 879 {643, 425
585, 321 576, 812 578, 694
60 {73 9 (44.8) {77.6 (27.6) {81 1 (23.1) {71‘1 (34.8)
75.8 (36.9) 77.2 (24.1) 81.0 (10.7) 66.5 (28.1
CPU Utilization, in the parenthesis: by batch (%)
40 {81. 9 (49.8) {82.9 (30.1) {84 6 (24.0) {79. 9 (41.9)
82.5 (3¢.0) | 183.6 (19.7) | 185.3 ( 9.0) | \76.5 (25.9)
24.9 19.1 17.1 33.8
0 {is:1 {173 {its {7
Channel $1 Utilization, by user I/O (%)
28.5 22.6 17.9 37.6
40 {2 e {i7.4 s
23.9 21.9 18.8 18.2
60 %3 {2 {iz2 {15
Channe) §2 Utilization, by user I/O (%)
40 {29. 0 {23. 6 {18. 5 {21. 0
22,8 14.4 12.1 14.3
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Table 8 Performance comparison of the two sched-
ulers (GRM: upper row, SRM: lower row)
with respect to overhead.

k:\‘f‘\»-ﬁcﬁg& 4/4 6/2
"’\\'{ 36/4 | 32/8 | 28/12 | 36/4
16.9 | 157 |14.9 | 6.8
60 {16.5 R {16.4
Total CPU Overhead(%)
17.0 | f15.8 | f14.7 | 17,0
40 {16.3 {15.1 {13.6 16.1
0.21 | f0.22 | 0.23 | f0.21
CPU Overhead, by 60 {0. 17 {o. 18 {o. 18 {0. 17
GRM/SRM (%) 0 {o. 21 {0.22 {0.24 {0.21
0.16 |10.18 |10.18 |10.16
100 | 9.2 | (8.7 | 0.8
CPU Overhead, by 60 { 9.8 | 19.3 {8.1 {9.9
swapping (%) 0 {9.6 3.1 {5.5 {9.6
9.3 9 | 179 | a4
506 | (552 | (521 | (585
50 {589 {555 {s3 {594
Swap-out Count (/300 sec)
572 | (542 | (510 | f572
40 {558 {530 ' Gin {ssz
2!
2

26.3
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