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Development and Evaluation of New Methods for
Scheduling Logical Processors in Virtual Machine Systems

HipENORI UMENO,* TAKASHIGE KUBOt and TOYOHISA IMADAftt

Virtual machine system (VMS) can run multiple operating systems (OSs) in a single real
computer system. Virtual machines (VMs) are logical computers with almost the same ar-
chitecture as the real computer system. Each VM has single or multiple logical processors.
A hypervisor is software to control an overall VMS, and schedules those logical processors.
Traditionally, the hypervisor receives an interrupt that has to be simulated to a waiting logical
processor. After simulating the interrupt, the hypervisor changes the logical processor’s state
to a ready state. This traditional scheduling has two problems. One is to increase the simu-
lation overhead of that interrupt to the hypervisor, the other is to increase the mode change
overhead between VM mode and native mode. This paper presents new methods for schedul-
ing the waiting logical processors to solve these problems. That is, one is for detecting an
interrupt pending without interrupting to the hypervisor, and the other is for dispatching the
waiting logical processors in response to the detection. Moreover, when no workload is found,
the hypervisor scans the waiting logical processors, finding a workload by using no host I/O
interrupt. Thus, these methods have solved those problems, and enhanced the performance
of the VMS to near native performance, even when the CPU utilization of the workload is
low, as well as when it is high.
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Fig.1 Configuration of host real computer system.
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Fig.2 Concept of virtual machine system.
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Fig.3 Example of VM control blocks.
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Fig.4 Traditional process scheduling method in OS.

0000000000 4000%Y000000000
000000000000 NewOOOO @OOODODO
OO00O00O0OD0O0OO0D00000admit00000DOO
O0000ready0@O0O0DOO0O0O0O0DODOOODODOODN
O000000O0dispatchODO0O0OCOCOODODODO
000000000000000000 runningd @0
oooO0oooOoOooo0OoobOooOooobo cpuOO
gbboobobooooobooooobooooooon

0 time slice end interrupt00 0000000000

goooooobooOooOoobooooOoooooooa
0000 System-call00 00000000 OOOOO
00000000000000waitD @O00O0O00O0
gooobooooooooooobooobooobooonoo
000000readyD0@OOOO0O0OO0ODODODOOO
gobooobooobooboooooooboboDbOo
gbooooooboooooboomoooooo
gboboodoboooooobooOooboooobooa
gooooooooooboobooooooooood
gobooobooooooooobooooooobooa
0000000000 release000000000 ®O
oood
goboboboooocooooboobooooobooobo
OobooOoooooo oSoooooooooog
00O0000000000000000000%00
ooooooooooobooooon
()0D0D0000D0000D0DoO0O0oDOD0ooDoOOO
gbobooooooooooooboooooooooo
gobobobooooooooobooogoooooo
goooooooooooboooooobooooboooo

goboooooooobooooooooooooo

gbobooobooooboooooooooboooobo
gooobooooooooobobooooboooooo
goobooooooooboooooooboooooo
gbboooboboobobooooooboboOoo
gooobooooboobooooobobobooobDo



872 goooooooo

ooo0o0oO0ooooooooooooooooooo
doooooooooooUooooOogooooog
O00000ooooooooooooooooooo
ooooooo

goboOobo oSsoboogoooooooooooon
000000000000 0O0O0oDO0oOooooooaO
000000000 00000oooooooooon
oo0oooooooOoooUooooooooooodg
gooooooOoooOoooooooooooooo
00 oSocUoooooouoooooooooood
00o0oDoooooooUoooooUoooUooooog
00dooo0ooOoooooooooooouoooo
0000000000000 0ooooooooooo
OopDooooooooono
(0000000000000 0O0OUOOOUD
000000000 00oo0oooooogoooon
Jo00DoooOooooooocpUOOOOd PSWO
0000000 Processor Status WordO O OO OO
000000000000000700000000
oooOoobo psWOOGOOOOOOOODoOOooDOO
O0oboO pSWODOOODOOODODOOOODOOO
00 0sSO0000000O00O0OOOO?®”00000
00D00ooOooooooooooooooooon
oo00ooo0oO0ooOoooooooooooooo
O0000oooooooooooooooooood
00000o0oo0o0oooooooooooooo
00000000000000000000000O
ooooooooooooooooooogooooo
gooooovMOOOoOoOoooooooooooo
0000000 000Y0000000000000
O00o0o0oUooUoooobOUoooooooooooo
oooooooooo

go0oooo oSsbobooooggooooogoo
O000oo0o00oOoooooooooooooooog
0000000000000 o0ooogoooooo
0000 oSOpoOoopnoooooooog
(3)0000D0o0ooOooUooOoooDOooooO
Ooopoo0opoooOo0ooooooOoUooooooo
goooooooooooooooooog osooo
O000oo0oouooooooooooooooood
goooooboOooobogoooooo vMOOo
ooo0ooooOoooOoooUooooooUOoOoo
O0O0O0lckOOODOODOODODOOODOODODODOOO
goooo vMOOOOOODOOOOOoOOoooo
000000oo0oooo0ooooooooooooo
0000000000000 000ooooooooo

Mar. 2003

00000 OSOO00000O00O0O000o0noon
00000 system wait0O0 00000000000
000 system idle00000000O000O0000O0
0000000 00000000000000000
000000000O000000000000000
0000000000000000000000000
040000000000000000000000
000000000000000000000000
000000000000000000000000
000000000000000000000000
000000000000000000000000
00000000000000000

000000 OSO0O0000DO0D0O000000
000000000000000000000000
0000000000000000SO00D0O000
000000000000000000000000
ooooo®o

00000000000000000000400
00000000000000000000 2000
ooooOoooo

000 10000000000000000000
0000000000000 0000000000
000000000000 D00000000000O0
0000000000000 00000I/00000
0000000000 D0000D0000000000
000000000000000000000000
ooo

000 20VMOO000O000000000000
000000000000000000000000
oDO0OovMOOODODOOOODODOOO0ODO0O
000000000000 0000000000000
000000000000000000000000
000D000000000000000000000
000000 VMOOODOODOOOOOO0O0000
000000000000000000000000
0100000000000000000000000
000000000000000000000000
000000000000000000000000
000000000000000000000000

3. DOO0O0OO0OOO0oOoobOOOooooon

goooooobo2000000000000000
gboooooo40000000000000000
gooooood
(1) DOO0O0O0self-waitD0OO00O
(2) 0D00D0ODOOOODOOOOOODOOOOOOO



Vol. 44 No. 3

B LATA A
v FELA

(7L WIRAE)

* HVC : /N A 7384 #a— )b
05 0000000 Self-wait 00000

Fig.5 Self-wait state of logical processors.
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Fig.8 Scheduling with self-wait queue.
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Table 1 Performance comparison of host interrupt method with interrupt
pending detection method.
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