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Streaming RPC (Streaming Remoting)

An enhanced form of RPC (RMI)
Support streaming flow vs. point-wise RPC

It’s a higher level abstraction than message-passing
programming (such as MPIl or MCAPI).

It can co-work with other multi-core programming
model.

o Multi-threading
o SIMD & Clustered

It’s a form of coarse-grained parallelism.
Acvnchrononiice narallaliem and <iinnort for averlanninn
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of communication and computation.
It’s done with APIs and without language extensions.
o C + Streaming RPC
o Java +Streaming RMI



Programming Models for Multi-Core:
Programming with Streaming RPC
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RPC server

RPC server RPC eclient

RPC client
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‘ Example program

= An RPC is associated with
streaming channels

= The client and server can
send/get data to/from the
channel

= Streaming operations
o stream_get _
o stream_put Client
o stream_push

stream_put

o stream_pop

o stream_create

a

stream_rpc




Optimization Issue: Buffer Managements and

Internal I

Case 1:

and-Shaking

Producer (sender) is producing data

much faster than the consumer (receiver).

Case 2: Consumer (receiver) is consuming
data much faster than the producer (sender).

Difference in processing speed can result in
frequent suspension and waking up!
o Increase amount of internal RPC handshakings

20 Ex.when d A>0 T, the receiver is suspended
frequently

5T 5A



Setting Threshold Number

To avoid frequent suspension and waking up!

Assigning a threshold value to a streaming
channel

o The stream controller only wakes up the
sender/receiver when a streaming channel
satisfies the threshold criterion

o eX. threshold value = 4
Wwriting S

E Wake Up

P ~CCEIVEr \| reading & processing




Analytic Model - Streaming Rate

b : streaming channel 0T: streaming rate of transmitter OA: streaming rate of aggregator

The streaming rate can be modeled for both
transmitter/aggregator over the streaming channel.

Parameters: Start Latency, Number of Streaming Elements,
Size per element, communication bandwidth, overlapping
_._-_'._-_;r_aztiQ, speed in computation for handling one element.



Analytic Model for Deciding Threshold n

To meet the response time constraint of the
application

Time of the first element to be processed after
waiting for the sender to transmitting n stream
elements must be less than the timing constraint

Response time constraint Time required for transferring
N streaming elements
n AN
'T’r > Oy | ZA + =
o7 B

Time required for receiver to
process the first stream
element

/\
n < (.T?‘_Ot_lA — E) X 5T

Overhead of triggering
the remote process



Optimization Issue: Memory Constraint

The support of data streaming in streaming
RPC is based on the technique of buffering

There is an assignment problem for channel
buffer when memory is limited.

For a system that requires k streaming
channels

n Q={Qii=1...k}

o N& is the upper bound of threshold of each
channel I,

o If the system can sustain at most X elements

alf S ‘.Nfg;j‘,'; > x , the system could suffer huge
‘.overhead



Decision Equation

To provide a group of efficient threshold
parameters for each channel under memory
constraint

VQ, € Q,0 <n; < L\T(t;fj
k
Z 1; < X
1
)li‘.

Maz(y  Q(Qi.ni))

1=0



Solving the Equation

The decision equation is NP-complete (Bounded
Knapsack Problem).

Observing from the experimental result, the internal
communication time is proportional to the difference
of the streaming rate between transmitter and
aggregator.

Thus, to simplify the problem, the threshold of each
channel is decided by distribution of the available
streaming elements
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Virtual Streaming Channel

The partition scheduler schedules streaming channels
when |physical partition| < [streaming channel|

Memory RPC Client
Partition

Partition ® Streaming Channel Stream
Scheduler - ' Controller

RPC Server




Find the channel which is almost done for
scheduling.

Scheduler finds a streaming channel with
fastest response time and assigns ceiling

priority

In general, voting schemes (TaH) can be used
by considering latency, priorities, and job
-, history.
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S\treaming RPC IDE Tools

= Streaming RPC Design Patterns s v <Sowes

<+ 30 4 na <4 <Pipe>
<4 151 4 1|4 na ¢ <Shk>
4 €0 < tn ¢ DAMEe

= Streaming RPC Diagram + 2z  aggregiordD

4 00 <4 COm

.+ Palette
+ JPEG_Decoder &~
+idct_src —==Ripes— —cGinle % Application
+ true +idct_src +idct + idect_snk 4 Source
+1 +2 +2 + Pipe
+ mpu +1 - mpu 4 Sink
+ dsp 4+ Connection
4 SrcConnection

= Streaming RPC Code T(gnsformation

*Auto Genmerate Streaming Application ¥Auto Generate Streaming Pattern:Sink
*agenerate *k *@generate e
*/ *¥Auto Generate Streaming Pattern *j'd IDCT snk( ){ *Auto Generate Streaming Pattern:Sink
. . P # VoL _5n *@generate
.. |void jpegd_app_Initial *f’ge”erate int rIDe = 14; *,E@g
THREADID IDCT O ; void IDCT src(){ stream_create( rIDO, Sioid IDCT snk( ){
pthread_t p_sourcqd ™. = stream set threshold( ; =0 - 14.
= - int sIDO = 12; —— int rIDO = 14;
; stream_create( sIDO, STREAM SEND, 150, 96 ); stream create( rIDO, STREAM RECV, 150, 96 );
ctream set threshold{ sIDO. 30 ) stream_set_threshold( rIDO, 30 );




Streaming RPC Design Patterns

<4 <Applicatons
C . -
Application | | )%
o Stands for streaming applications. 4 isMain
o Handling data communication and computation overlapping
LS Oumoe»
with Source, Pipe, and Sink patterns. im
4 transmiterlD
Source + oo
o A stream data transmitter, the originator of stream data. _—
Pipe Foame
o Parallel function stage of streaming application. + aggreganonD

o Gather stream data from streaming design pattern, do
computation, and then transmit stream data to next streaming
design pattern.

= Sink iy
7.4 A stream data aggregator. * aspegtadd

~u- Display the output result of stream data.



How much can IDE help?
Streaming RPC Application Diagram and Code
Generation

Streaming Application Diagram

treamingR PC._streamdng_rpe_model =0
<% Palette [

< <Pipe> &~

<& < Applications < pipe_iest < Application

< app_iest T <8 + . <4 Source
<4 SOUTCE_test st 4+ 10 ¢ <Smk> % Fipe
" 4 Source | 4 dsp & sink test
s Bink
St eaming < 1012 + 11,13
< mpm et
- & <Pipe> 4 IO <» Connection
r .
: BreConnsction
< pipe_isit +
ll." TE
thuto Gensrate Stresming Application -¢¢:— dj] x")_lutD_Generate dtreaming Pattern:FPipe
tlgenerate roid pipe test()1{
w7 int =sID = 11:
. I stream create( sID, 11 ):
void app test Tnitial(){ Jhuto Generate 3tresming Pattern:3ource strea.m_set threshold[ oID. 30 iutn Generate Streaming Fattern:Sink
THREADID pipe_test_0 ; roid source_test(){ " — — 4 oid sink test| }{
THREADID pipe testz 1 ; int sTDO = 10; int rID = 10; int ripo = 11;
thread © s;urce - cink: stream creacte( sIDO, STREAM SEND, 150, strea.m_creat.ei 10 9 : stream create( rID0D, STREAM RECV, 150, 95 ):
P & P . P ¢ stream set threshald| sIDO, 30 §; stresm set threshold({ rID, 1) Stresm_set_threshold( rIDO, 30 ):
int sID1 = 1Z: - - int rID1 = 13;
J/8treaming Source stream create( sID1, STREAM SEND, 150, ) ) stresm create| rID1, STREAM RECV, 150, 96 );
pthread create| &p source, NULL, = stream_set_threshold( sID1, 30 ) //Data "a" is using to transm stresm set_threshold( rIll, 30 ):
- - ’ ’ unsigned short a = NULL: #/Data "a" is using to transmit and receive.
ffData "a" is using to transmit and rec A . . =M. unsigned short a = NULL:
d/Gtreaming Pattern:Pipe - Create unsigned short a = NULL; //Initialize Data a. ex: &=0; //Initialize Data a here. ex:a=0;
ph createil, Z21: ffInitialized Data a here. ex:a=0; a=0: a=0;:
- X a=0;
ph rpci pipe test O ) ’
= i - - ) i 1= while{ a != NULL j{
//3treaming Pattern:Pipe - Create while( & !'= NULL }{ while[ a != NOLL )¢ /% Get a from the streawing channel.*®/
e pb create(Z, Z): /* Put a to the streaming channel.*® stream _geti rll, £a, 4 }; stream get| sIDD, &=, 4 )
e VA pb_rpc[ pipe testz 1 3 stresmw _put( sIDD, &a, 4 ) streamw popi rID ]: s:ream:pop( sID0 ) ;
) - - - stream push( sIDO ); /% Compute a */ stresm get( sIDL, &a, % ;
f/8treaming Sink :ZE:z_EE‘s:I(l(S:;;’l J&?, B otresm puti SID, £a, 4 )7 jtream_PUP( SI.EI v
— ‘ . * Compute a *
pthresd create| &p =sink, NULL, sin ¥ stream_push({ sID |: 3
stream flush(sID); H

pthread join{ p source, NULL }; stresm _flush(sIk);

pthread join{ p sink, NULL ):




‘ Sid-Base

Video Cam <i
Driver 6
VideoCam = IA = = |A = MPU
o)
- 8 - IA . Memory
=
c = IA - PACDSP
9o
*g = IA = PACDSP
[
S = IA = PACDSP
O
GPIO =A'= 8 _ 1o . pACDSP
LCDC TRIAT R R/AM, LCDC

(320,240 ; 24bpp ; BGR.

_.Simulate on host PC:
Intel Core 2 @

)

—

'

d Multicore ESI. Simulation

}

Debu B
File Edit Refactor Navigate Search Project Run Window Help
Fov BBy Ov Qv | ® 7|y ilv o o o [foebug) >
%5 Debug 52 = B | td= variables 52 = B | i Registers 33 = B || % Breakpoints £ =8
"l s = & % v 2]+t B | % % &# & w S-S
0 &2 o )= int i = 39644 < 2 Wain ~ frootiworkspace, [~
= int data = 0 Wi int32_tr0 =10 ke Multi H
- E Multicore [C/C++ Local Application] ()= int data M int32_tr /| y@ frootiworkspace/ Multicore,
M int32_trl = 435452 1 Jrootiworkspace/ Multicore H
~ & GDB Debugger (2009721 EF 11:49) I i - -]
M int32_tr2 = 1073742168 /| w@ i/rootiworkspace/ Multicore H
- m‘i’ Thread [0] (Suspended: Breakpoint hit.) N - -
Wiint3z_tr3=0 | 4@ frootiworkspace/ Multicore_ H|
A e I E—— )

p Debugger Process (2009721 £ 1149)
pi Jrootiwarkspace/ Multicore_
< [&] pac_01 [C/C++ Local Application]

¥Debugf

I &% GDB Debugger (PAC) (2009/721 E2F 1150)
p] Debugger Process (2009721 £ 1150)
pil frootiworkspace/ Multicore_Pac/dsp_prog_01 o1
- E pac_02 [C/C++ Local Application]
I &% GDB Debugger (PAC) (2009/721 £F 1150)
b Debugger Process (2009721 £%F 11:50)
B Jrootiworkspace/_Multicore_Pac/dsp_prog_02.01
[ E pac_03 [C/C++ Local Application]
P [E] pac_04 [C/C++ Local Application]

G ] [>)

o 5id 22 Stat  Terminate = O
SID
SID Process
SID: frootfwarkspace/_Multicare_ slpac_linux

@ ] [>]

| Select Config File: ‘

Jfrootfworkspace/ Multicore_ sfpac_linux.conf

SID Cansale
[PAC4] load pac text image (.bin) done

| pac_linux.conf > =0 Disassembly £3 =0
o ~ 0x00008268 <mainsdd>: jal OxBBcB <enable_intr> [~
33int main{void) l—‘ init_all DSP(): =
o 0x000082ec <mAin+48>i jal  Bx9020 <init_all_DSP>
40 int 1i; - -
41 int data = 0;
42 DEMO_interrupt_data = Ox1000; ééﬁngi address = 50
1 - address=nxbO0E2000 5 1 01 ; L
Zi lhimikitr?‘)-addlb 05PN 1n =) 1, OxBOBEB2D <mainib2>:  sethi §rs, #728897
45 enab{e 1ntr;J- 00000824 <main+56=: ori  $r5, $r5, #0x0
ol init oD DSPLI: Ox00008278 <maint60>; movi $rd,#50
- ALl DSP(): 0x000082fC <main+6d=i swi  §rd, [$ra¥0]
43 /105POL start_DSPEL{):
49 DEND_01_ address = 50; 0x00008300 <main+68=: jal  Ox93ed <start_DSPOl=
:3 start_DSPOL(); test_interrupt_DSPOL();
0x0000E304 7251 jal  BxM94 <test_int bl
52 test_interrupt_DSPOL(}: e AL B est_interrupt |
53 i=0; . . .
: Ox00008308 <mainsT6> movi $r5.#0
E: :nue( DENO_01_address==50 ) | OX00DOE30C <main+B0=: swi  §r5, [$Fpeea] el
\ [ al I B
Problerns | Bl console 22 5 R = BEv v~ = 0| B console 52 =8

pac_01 [C/C++ Local Application] Debugger Process

2]

i = L = v S
[PACB4] load pac data image {.bin) done Gu BH| ot BV 3
socketiobase: using fd 4 No source file named dsp_prog 84.c. Ea
socketiobase: server at ©.0.0.0:4000 No source file named dsp_prog_84.c.
GDE init ... No source file named dsp_prog 03.c.
socketio: accepted connection from 127.0.0.1:38076, fd 22 No source file named dsp_prog 83.c.
~|{{No source file named dsp_prog_82.c, A
@l B) |l B
Writable Smart Insert 47:5 SID &

«2-Core simulation
* Work as 15Mhz physical platform
5-Core simulation
*Work as 3Mhz physical platform




Experiments

Dual-core platforms
o PAC
o OMAP 5912

Three applications: JPEG, MP3, and H.264 decoders
are used to demonstrate the performance.

Three application kernels: IDCT, IMDCT, and IQ/IT are
used to show the characteristics of streaming RPC.

Effects of threshold values are evaluated.

Experiments for assignment problems with memory
constraints are given.

Scheduling policies with virtual channel support are
given.
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‘ Performance Improvement and Corresponding Internal

Handshaking Times: MP3

20 T T L T T 15 20 T T L T T 2
Internal handshaking times —e— Internal handshaking times —e—
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Simulation System and Result of the Analytic Model for
Memory Constrained System

Parameters Value
Machine Parameters
Bus bandwidth 20 MB
Memory 64 KB
Memory limitation (* ) 5 KB
Communication overhead (o+) 25 pseconds
Simulation Parameters
Number of channel required 2,....8
Tasks generated for each run 50
Size of each streaming elements 2B
Number of streaming operations of each task 10000

B Unbounded memory

Limited memory with analytic threshold distribution
B Limited memory with normalized threshold
' Limited memory with average threshold

100
80

60
40 Il.
T
o W
2 3 4 5 6 7

Numbers of channels used

8

Internal handshaking times, normalized to 100




Summary

We presented a stream programming model for
embedded multi-core processors.

Optimizations were done for internal hand-
shaking and buffer assignments.

Support for virtual channels with streaming RPC
IS also presented.

Eclipse-based IDE tool is used to help streaming
RPC programming.

Related references can be seen in
http://www.cs.nthu.edu.tw/~jklee




