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A Virtual Machine Monitor for Providing a Single System Image

KENJI KANEDA, 1t YOSHIHIRO OYAMAt and AKINORI YONEZAWA'®

‘We have designed and implemented a virtual machine monitor that virtualizes a shared-
memory multi-processor machine on a commodity cluster. This functionality greatly simplifies
utilization of commodity clusters. For example, it enables parallel applications for shared-
memory multi-processor systems to run on clusters without any change of the applications.
Moreover, commodity operating systems that support multi-processors (e.g., Linux) can be
installed in a virtual machine with a small amount of modification. We built a virtual 8-way
multi-processor machine on eight physical machines. We ran parallel coarse-grain tasks on
Linux installed in the virtual machine and measured the execution time. The experimental
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result demonstrates the feasibility of our approach.
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Fig.1 Mapping between physical machines and a virtual

machine.
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Fig.4 Memory layout of the monitor process.
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access nth page with a when violation(pages],a)
— stop the execution of the VM process;
send (fetch,n,a,i) to manager(n);

receive(fetch,n,a,s) when pages.busy = false
= let p be pages;;
p.busy := true;
match a with
read = send (inv,n,a,s,p.own) to p.own;
write = forall z € S(p,s) do
send (inv,n,a,s,p.own) to x;

receive (inv,n,a,s,0)
= let p be pages;
match a with
read = p.state := read_only;
write = p.state := invlid;
if o= proc; then send (ack,m,a,p.c) to procg;

receive (ack,n,a,c)
= let p be pages;;
p.c =g
match a with
read = p.state := read_only;
write = p.state := read_write;
send (finish,n,a,i) to manager(n);
restart the execution of the VM process;

receive(finish, n,a, s)
= let p be pages;;
match a with
read = p.copyset := p.copyset U { proc, };
write = p.copyset := { procg };
p.own := procg;
p.busy := false;

oogd
manager(n) : n 00000000000
go00o00o0oo0oo0ooobO NODODOoog
manager(n) = proc,, noq nU
violation(p, a) = p.state = invalidV

(p-state = read_only A a = write)
S(p,s) = {z € p.copyset : x # proc, V & = p.own}
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oooad
Fig.7 Simple memory consistency algorithm (for virtual
processor ).
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Table 1 Description of Sequential benchmark programs and their execution time
on a physical and a virtual single-processor machine (unit: seconds).
gooood oooooooo oopoooooo gooooooo oooooo
ooooopPO ooooovo 0v/pPO
fib oooooooooooo 22.6 22.1 0.97
getpid getpid 0 100,000 OO OO0 0.05 18.1 354
1s goooooooooooooo 0.03 6.64 255
gce cooooopooopooonoo 0.14 0.98 6.81
7 . 0 2 fib(44) OO00OO0OO0DOOOOODO
f!b(46) Table 2 Breakdown of execution time of £ib(44) (unit:
6| 1 fib(4d) —e—
fib(42) —x— seconds).
g5 ] fib(40) — 000000 | Total | Native Mem Misc  Idle
3 fib(38) ——
8 4 r b 1 180.0 | 177.8 0.0 2.2 0.0
Q.
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2 b 8 27.9 22.1 3.7 0.1 2.0
! ! ! ! ! ! TotalD OO OOO
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Fig.8 Speedup of parallel fibonacci.
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