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[57] ABSTRACT

A method and apparatus for prioritized load-balancing
among non-communicating processes in a time-sharing sys-
tem involves a Load Balancing Repository (LBR) which
interfaces with each process that is actively addressed by the
CPU. A scheduler within each process provides the LBR
with a load distribution for that process representing the
ratio of high-priority sub-task load to low-priority sub-task
load. The LBR determines a target ratio in the form of an
aggregate load distribution ratio. The target ratio is reported
back to each active process. For processes which are occu-
pied with a relatively low proportion of high priority sub-
tasks and which therefore exhibit a load distribution that is
below the target ratio, the process scheduler will give up a
portion of the time slice allotted to that process by the
operating system when the load distribution of that process
reaches the target ratio. Thus, CPU resources will be applied
more frequently to processes which are occupied with a
relatively high proportion of high priority sub-tasks.

17 Claims, 5 Drawing Sheets

LOAD BALANCE
REPOSITORY 120
1%2 (LBR)
APPLICATION PROCESS 1
SUB SUB
TASK | [SUB | | TASK | | REPORTING K124 122 122
1 | {TAsK| | m SUB-TASK / /
\ 2 / APPLICATION APPLICATION
\ PROCESS PROCESS
2 n
SCHEDULER [ s
118
{)
| OPERATING SYSTEM |
112
14—
RAM
110— A
CPU
ROM
116—

Find authenticated court documents without watermarks at docketalarm.com.



https://www.docketalarm.com/

U.S. Patent Nov. 14, 2000 Sheet 1 of 5 6,148,324
100
LOAD BALANCE
REPOSITORY |_120
1§2 (LBR)
APPLICATION PROCESS 1 /
SUB SUB e
TASK | | SUB TASK REPORTING H- 124 122 122
1 {l7ask| | m SUB-TASK / /
\ 2 / APPLICATION APPLICATION
\ PROCESS PROCESS
2 n
SCHEDULER [
1]8 /
{ e
OPERATING SYSTEM
112

114 —

RAM
110— A
CPU

ROM

116—

8]
FIG. 1

DOC KET

_ ARM

Find authenticated court documents without watermarks at docketalarm.com.



https://www.docketalarm.com/

U.S. Patent

DOC KET

_ ARM

Nov. 14, 2000 Sheet 2 of 5

LOAD BALANCE
REPOSITORY
(LBR)

A

200—

FOR EACH PROCESS (i)
AND EACH PRIORITY LEVEL
(i), OBTAIN THE CPU LOAD
L(i, ) FROM THE
REPORTING SUB-TASK

6,148,324

210

A 4

HAS THE REPORTING
INTERVAL EXPIRED ?

YES

A 4

NO

212 —

DETERMINE THE
AGGREGATE LOAD FOR
EACH PRIORITY LEVEL (j)

AGG(j) =L(1,j) +L(2,]j) ... L(n, })

4

214 —

COMPUTE THE TARGET RATIOS

AGG(1) : AGG(2)
AGG(1) : AGG(3)

AGG(1) : AGG(n)

216—

SEND THE TARGET RATIOS
TO THE REPORTING SUB-
TASK OF EACH PROCESS (i)

FIG. 2

Find authenticated court documents without watermarks at docketalarm.com.



https://www.docketalarm.com/

U.S. Patent Nov. 14, 2000 Sheet 3 of 5 6,148,324
PROCESS
SCHEDULER
310
, 5
OBTAIN AGGREGATE SCHEDULE AND EXECUTE
LOAD DISTRIBUTION »  ALL HIGHEST PRIORITY ¢
FROM LBR SUB-TASKS THAT ARE READY
4
300
SCHEDULE AND EXECUTE
NEXT LOWER PRIORITY |~ 320
SUB-TASKS
330 T
ARE THERE NEW HIGHER\ YES |
PRIORITY SUB-TASKS ?
NO
DETERMINE THE
CURRENT LOAD ~ 340
DISTRIBUTION
FIG. 3
345 o
IS THE CPU TIME SLICE FOR \ YES
THIS PROCESS EXPIRED ?
NO
IS THE CURRENT LOAD 350
YES / DISTRIBUTION RATIO LOWER

THAN THE AGGREGATE
DISTRIBUTION RATIO ?

NO

A

360 —j

RELINQISH CONTROL
TO THE OPERATING
SYSTEM

»

DOC KET

A R M Find authenticated court documents without watermarks at docketalarm.com.



https://www.docketalarm.com/

U.S. Patent Nov. 14, 2000 Sheet 4 of 5 6,148,324

CPU LOAD DISTRIBUTION AT INITIAL LBR
REPORTING INTERVAL

CPU LOAD CPU LOAD TOTAL CPU LOAD
ATTRIBUTABLE TO | ATTRIBUTABLE TO | ATTRIBUTABLE TO
HIGHEST PRIORITY | LOWER PRIORITY PROCESS
SUB-TASKS SUB-TASKS
(PRIORITY LEVEL 1) | (PRIORITY LEVEL 2)
PROCESS 1 L1.1 =20 ms L1,2 =80 ms 100 ms
PROCESS 2 L2,1 =40 ms L2,2 =60 ms 100 ms
PROCESS 3 L3,1 =60 ms L3,2 =40 ms 100 ms
AGGREGATE AGG; =120 ms AGG, =180 ms

AGGREGATE LOAD DISTRIBUTION RATIO = AGG4:AGG, =120:180 = 2:3
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