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Processor Architecture
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» Superscalar

> Reconfigurable Processor

> Multi-core

> Many-core

> SMP/AMP

> Homogenous/Heterogeneous
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CISC/RISCI/EISC

CISC
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VLIW / VLES / Superscalar
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Reconfigurable Processor
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Reconfigurable Processor
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Multi-core / Many-core
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ARM

Homogenous / Heterogeneous

ARM

ARM

DSP
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Parallelism

QO PE
< ILP (instruction level
parallelism)
> et 0l 6 e
instruction= =&

< LLP (loop level parallelism)
> LoopsS SEHA =

< TLP (thread level parallelism)
» Multi-thread2 &

< DLP (data level parallelism)
> (] dataZ SHEH Ol ==
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SISD(Single Instruction stream Single Data stream)
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SISD(Single Instruction stream Single Data stream)
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SMP (Symmetric Multi-Processor)

(

MIMD Tightly Coupled Shared Memory System
Global physical memory access

« 2= MM HEHL=Z M2 82 Jis
Each processor has it’s own Cache (1 or more level)
Physically shared main memory

Message passing requires a thin software layer
< Shared memory, Virtual Interrupt

O 28X O Z Shared Bus&E HZ
< Bus design(il 2 Zaft= 2=, low cost interconnect
Q 2B o2 CPU= homogenousdl S 0SE S&
Cache Coherency Issue
Memory Consistency

(

U 0O O
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SMP (Symmetric Multi-Processor)

CPU CPU CPU
cache cache cache
/O System Memory
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Multi-core vs SMP?

O SMP has cache coherency
O Some Multi-core dose not have it always
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SMP Issue

ad Cache Coherency Protocol
0 Memory Consistency Model
O Synchronization
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Cache Coherent Problem
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Solution to the Cache Coherence Problem

Q Software & 0Ol 2
< Shared writable data are non-cacheable
< Writable data exists in one cache : Centralized global table

Q Hardware & Q! 2t &
< Shared caches vs Snoopy schemes vs. Directory schemes
< Monitor possible write operation : Snoopy cache controller
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Bus Based Snooping Protocol

d MSI Protocol
d MESI Protocol
d MOESI Protocol

LKSAS
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MSI Protocol

a States
< Invalid / Not Present
< Shared (readable)
< Modified (read/write)

Bus_RdX, Replace
Read

[
»

Bus RdX,
Replace

VO davices
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Memory Consistency Model

Initially X = 2

P1 P2
rO=Read(X) r1=Read(x)
rO=r0+1 r1=r1+1
Write(r0,X) Write(r1,X)

Possible execution sequences:

P1:r0=Read(X)

P2:r1=Read(X)

P1:r0=r0+1

P1:Write(r0,X)

P2:r1=r1+1

P2:Write(r1,X)
x=3

LKSAS

P2:r1=Read(X)

P2:r1=r1+1

P2:Write(r1,X)

P1:r0=Read(X)

P1:r0=r0+1

P1:Write(r0,X)
x=4
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SMP

OS

O OS on Homogenous Symmetric Multi-Processor

U

O OS2 code/data

=2 O
= LT

corel} 2&

% CoreZ2 = 2t2|ol= dataldl =X
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SMP OS
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cache cache

MEM
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SMP OS vs AMP OS

Q SMP OS
< SMP system0il otLt2| OS Instancet &I
> OS 80| &5, Application lHALE, st & H Al =& E 9|, System UtilizationO|
=5
Q AMP OS
< SMP system0il 0421 OS Instance & X
> OS M AME, 8Y TaskZ 8= &4t Application2 S4! =&, re-design overhead
linux linux linux
core0 corel core0 core1
cache cache cache cache
MEM /0 MEM /0
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Homogeneous AMP OS vs Heterogeneous AMP OS

O Homogeneous AMP OS

» 22 EF2 0SIE ™2 Instance =T

O Heterogeneous AMP OS

e e 582 0SJt i Instance =M
» CH2FSH Middle ware / Application S & It s

uCOS uCoS linux uCOS

core( core1 core( core1

cache cache cache cache
MEM /10 MEM /10

LKSAS



Hybrid System Configuration

Q
Q
Q

22H4Hs oA Task & & OSE 2|
i Middleware &2 <

of 6 OSE 0| =
SMP OS2t AMP OS S& & &8
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MPOS /d =5

Separate Supervisor (AMP OS)
% Core OtCH 2t At OSOt 2t

o 2 fault tolerance, Lt 22 concurrency
< DFI} I/O Devicelt file system

Master / Slave (AMP OS)

Master= AHEff 2HAl ¥ job &Y

» Slave= A= It =€t resource pool
% MasterJ} bottleneck, L+2 fault tolerance
Symmetric ( = SMP OS)

2 E processort

= =
%oo

FLE2] OS Instance

FS FS
OS OS
coreQ core1

1

[
A=

SMP OS
coreQ core1 core1
| | |
MEM /0
Symmetric

—

Master

Slave

Slave

core0

core1

core1

MEM

/O

Separate Supervisor
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Single core OS vs SMP OS

O SMP OS= Single core OS2t J|s& SHUHM 2 Sl Xl E2
O multi-corect= 0| & HRAZICA =3

Standard C Library

User API

(oo

Hard Abstraction Layer Device Driver

Hardware Platform

LKSAS
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SMP OS Functions

O Preemptive Kernel (concurrency)

O Scheduling

< Real-time scheduling on Multi-processor
> pFair, PD+, PD"2
< Cache affinity scheduling

» FP (Fixed Processor), LP (Last Processor), Ml (Minimum Intervening), LMI (Limited
Minimum Intervening)

Q Locking OHAHLIS
< Spin Lock
< Lock Granularity

» Coarse grained lock
» Fine grained lock

O Processor local data storage
Q Inter Processor Interrupt
O Load Balancing

LKSAS
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Preemptive Kernel

Q SMP OSJ} &l D] ?dll Al = preemptive kernelO| 0 Of &
< O coredt = Al kerneld|

Sk A
gl 4 g

St

HOF ot 2
Q Preemptive kernel2 reentrancy’t & Al &

®

High priority task B

oS

"| (context switch)

oS
(context switch)

Original “Temp value(=1) is altered to 3 !!!

int Temp;
void swap(int *x, int *y)
{
Temp = *X;
"X = *y;
*y = Temp;
}
Low priority task A'°™P =1
for(;;){
x=1;
=2;
’ ’—’ ISR
swap(&x, &y);
{ (1
Temp =.*x; Y |
* *. < A
X =*y;
*y = Temp; L
} 5
sleep(1);
: Temp=3
LKSAS

for(;;){
———»x = 3;
y=4

swap(&z, &t);
{

Temp = *z;

*z=%;

*t = Temp;
}

——esleep(1);

Temp=3

®
}

Non-reentrant functiorf]




Real-time Scheduling

O Periodic Task system0ll & & (static scheduling £ 12| &

Q IdleSt weightOfl CH &t utilization 1t utilization lag(Xt0[)E =l A 3}l
? ol taskE sub taskEZ Lt5 1] (Tie-Breaking) 2% sub taskE & &

scheduling =34
O Optimal pFair : PF, PD, PD*2

57 — Pfair

Lk




Locking OHZHLIS

O Lock Primitive

< Single processor0i| Al = interrupt disableZ critical section= £ & 0ol=
A0l s} Lt SMPOIA = JtSotAl 22
< SMPOUI| A= spin lockS AtEZ EPO:I =
> Local interruptE disabledt= 21 8t2 2 = critical section=2 E&& & Sl 3
> Spin lock2 H/WO0Il M Xl & 6t = atomic bus locked operation & = test-and-
set ZE = AFEotH &

LKSAS

v X86:XCHG or lock prefix, ARM: Idrex/strex

Uni-processor0il M =& &t synchronization primitive = (i interrupt
disable2 AIE0I & st A=E2 25 spinlock@ = HZEGOF &

| Standard C Library |

User API |
_ |/O Sub |File System
Scheduler |Semaphoreiibox/Mqueup Kernel Lib | BRI
Hard Abstraction Layer Device Driver

Hardware Platform
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Spin Lock

27 #define __down_op(ptr,fail) \
28 (q \

29 __asm___ volatile_ ( \
30 "@ down_op\n" \
31"1: Idrex Ir, [%0]\n" \
32" sub I, Ir, %1\n" \

33" strex ip, Ir, [%0]\n" \
34" teq ip, #0\n" \

35" bne 1b\n" \

36" teq Ir, #0\n" \

37" movmi ip, %0\n" \
38" blmi " #fail \

39 ; \

40 2" (ptr), "I" (1) \

41 Mip", MIrt, "ec"); \

42 smp_mb(); \

43 1

LKSAS
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Spin Lock

67 #define __up_op(ptr,wake) \
68 ( \

69 smp_mb(); \

70 __asm___ volatile__( \
71 "@ up_op\n" \
72"1: Idrex Ir, [%0]\n" \
73" add Ir, Ir, %1\n" \

74" strex ip, Ir, [%0]\n" \
75" teq ip, #0\n" \

76" bne  1b\n" \

77" cmp  Ir, #0\n" \

78" movle ip, %0\n" \
79" blle " #wake \

80 ; \

81 2" (ptr), "I" (1) \

82 Mip", MIrt, "ec"); \

83 D

LKSAS
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Lock Granularity

A Lock GranularityJ} Al
ot XI 8t 4 2 Lock GranularityE

U

O SMP Scalability: CPU

LKSAS

OlsSFA =2
=T M

A= =
T =

& 0 OF &. (but amdal’s low0i| 2|3}

_/—> obj | obj Sub
CPUO obj | obj |System 1
/> Sub Sub
CPU1 System 2 | System 3
Sub Sub
——————
CPUO System 0| System 1
Sub | Sub—]
CPU1 System 2 | System 3
CPUO

CPU1

Kernel 7 #]

SMP ScalabilityE =2 &+ U3
=0|9 lock AHAI2l overhead )} &M

SRR

stH= &)

et dst &3S0t

L O

Lock Granularity7} =<
Al FaEE S
Lock overhead &<

Lock contention &%+
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Processor local data storage

[LESl corelt R XIoHH &= &S A= =0 CHoHA spin lock 10| 8 2&
U 2 corelfl 22 &S = S22t (ex : per_cpu)
= o=

= [

£ = runqueue, irq nest, current taskS0| = HZ = U

U
ol

2 4

Q

#define DEFINE_PER_CPU(type, name) \
| attribute_ ((__section__ (".data.percpu"))) _ typeof (type) per_cpu__##name

LKSAS

37



Inter Processor Interrupt

QO Shared memoryE AIE&0HA| &1 it 27| processor?t S 4l
32 A8
< Task terminate from other core.

< Rescheduling from other core.

% Etc...
Q SMP H/WO0| A Virtual Interrupt £= IPIZ X201 JAS

LKSAS
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Load Balancing

O Idle processor 20| system utilization= =&
O Load balance policy

< Balancing Point

< Migration policy
O Load Balance 112 Atet

% Fairness

> B E=taske 2= corelllAl =)= =HEOF &
< Efficiency

> ldle & EH Q! coredl 810| 2= corelt taskE =H e
< Scalability

> Corei==0ll et &s% &I
» Core =0l (tZ overhead Z| A~ 3}
< Affinity
» Cache affinityJ} & 2| 0{ 0t &
> NUMACZHH memory affinity©= 1) JH & HOF &

—_

>
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