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Abstract MIOS is a scalable operating system designed for large scale CCNUMA system. It
introduces multi-instance kernel structure. In MIOS, each instance of OS kernel executes the same
code, but runs on a node of the CCNUMA machine and manages its resources respectively. The MIOS
provides a single system image running environment for all nodes of CCNUMA system, supporting
process and thread task model. Aiming at the features of CCNUMA system and the requirements of
scientific computing applications, the MIOS provides several optimizations, including weak shared
thread model, cascaded task scheduling, adaptive communication between tasks and register-based
lock. We have implemented MIOS on our Galaxy parallel computer system, a large scale CCNUMA
system including 2048 processors. The evaluations on Galaxy system, including micro-benchmarks
and real parallel applications, show that MIOS can provide comparable performance with a
conventional OS for MPI applications. For OMP applications, the MIOS also can provide a good
performance speedup on the large scale CCNUMA system with 2048 processors. The structure of

MIOS can also provide experiences for designing operating system on many-core processor.
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Fig. 1

Architecture of CCNUMA system.
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Fig. 2 Structure of MIOS operating system.
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Fig. 3 Float loading scheme of MIOS.
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Fig. 6 Space layout of weak-shared thread executing

model.

B 6 MIOS 55 3t =2 28 78 #b hik =5 (8] 75 Jey

XFF MPI 347 W H T MPI AT 55 45 i 2 (1]
FLA A N7 Y bk 2 ] O 3 Gk I 8 A AL SE A
BRAZ . R, FAL Ge SR HE AR G2 0L MPT i 1T 19 2%
S5 238 i MIOS (1 H P2 A 55 45 B 45 38 & )
AR SE ) g8 AT /. % F OMP R - MIOS {T:
554y BLAS T Se i B 220 249 AR R R4S S 4
S INE, OMP 22, OMP [ F 14 44 4 2 nT DL i )
H MIOS 4 J&; ¥y B A7 it 25 18] 8 350 68 25 0] 4 34 B
o 1) e R B A7 A X A 36 S B A7 i X b i B
It 7 5 i A 2 R ) 1 e =2 7 ).

User Task 1

R 55 3 5 2 FR A AR )2k KM B H R
MIOS $ fit 1 @ I 3K SRy BAR MIOS A 3¢
FRAFRAE & MIOS L4 [a] (19 3 B2 % RGP
AR Jmn R o 7R R FLAE CCNUMAL & 4t /)y
TR RREE U IR) L B R R A T IR AT N
CIE/NEH
3.4 HENWESEER

MIOS [] fisf 46 44 1 T ) %6 91 2 1 26 1 e 2 X1
AR S 23 388 A5 AL 1 R0 T 1] DAV B A9 P R A
BLHI. T AT LR 40 5 40 38 15 %) /N R385 1 o i A
Jr =K.

MIOS F i 22 25 =525 5 BIL il 32 ft 1 25 P 4% 5
BB 554 POSIX #7 #f B shared memory $LE1E ¥
EA=. P R A L% {3 ] shared memory = [X
— R SR AE IR 1 /N RS T B AR

MIOS [ %5 PN A% e 22 58 i XA e ol oo B3040 A8 2
RV JZC o Bl S5 B T 50 A i, T IRT 7 iR S T R
HEX G X, MIOS R 1 oo 8s & )5 i 78 1
A48 R [ 5 i hE TFRE ST BSOS A7 A D, S ] P I
ARG BT, o0 B8 A5 P A5 AR ]l — ) S S A
fitt Bobn iR JCECHE A 2R 1) B[R] B R BT A1) 2y S =2 X
JCRHE A7 25 ) 3 A 25 65 0 25 PR oo Al Al . Oy
TR A () B e E AR A K. MIOS /Y 25 4 % 5
5] shared memory B DA & F /)y 16 B. i K 16 MB
(Sl 2 AR A B 1 N R S 01 1) e IO B4 1R T A
£ POSIX A o (1% 2 52 DX A1 e L Bk A B iz 22 e 55
F G SRR A

User Task 2

Internal
Manage Structure

< Internal g

Manage Structure | 8

O

2

(=]

=

Meta| Meta | Meta|Meta &
Data | Data | Data | Data S
Reg. | Reg. [ Reg. | Reg g
=

e e e ————— J

Fig. 7 Structure of shared memory crosssing OS.
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@ Loop:
@  Val=Read(Base address of lock:addr_reg_base)
I (val==0) {
Val = Read(Base address of lock:addr_reg_base+10) ;
H(val==0) {
Required the spinlock
b else {
Goto Loop
}

b else {

Goto Loop

SNSNCNCNCESNCRONCRE)

Fig. 8 Algorithm of spinlock based on synchronize register.
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Fig. 9 Procedure of coherence maintaining of global TLB.
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Fig. 12 Performance of register lock and memory lock.
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