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= “Efficient Conditional Operations for Data Parallel

Architectures”, Kapasi, et al.
> Conditional Streams
> Examples

= Dijscussion
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| Centered areund: stream pProecessine

= Hertage: SIMID; Vector, IRAM ete.

= \What Is Imagine?
> Programming Model

> Programming Languages
> Architecture
> Microarchitecture / implementation
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nViajer Hardware Compenents

= VIEIWVArtiimetic Units (PES)

> Streaming|Register Ele (SRE)

> Stream Buffers (SBs)

> Interfaces (memony, netwerk, host)

> Control (conditienals, programs, ucontroller...)

ImagineNE aEheane

= Bandwidth Hierarchy

» \Website claims "architectural innovation”
> The focus for scalability
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Communication Unit
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From menmary
sysbem
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1,024 blocks

SRAM Strearm buffars

1 Transfers bofason SRAM and stream buflers
B Transfers botason straam buffors and chonts
[ Space aliocated for stream Y but not yaib wittan
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Center o communication (Cacne/nEnvork:
- = Size not architecturally limited - great!
m SB: 30 GB/s

> PEs:; 87* 1 words/ cycle

> Net: 87* 2 words / cycle

> Other: 6* 1 words / cycle
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m | RF: 435 GB/s (8 * 54.4 GBJs)
> 15 Files * 2 ports
> 2772 words total / PE
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N [RIEraCeS:

> IHIOSL PIOCESSOr

> Viemony - 2.7 GBS (alloWS reerdenng
- > Netwerk -4 GB/s (e etner Iimagine nedes)
= Vicrocontroller:

» Distributes Instructions to PES

» Performs control:

+ 1 bit feedback from each PE
¢ \While loops are the only control flow
+ No If/else - select and predicates only.
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m Cluster op (576 bit VLIW)
= | oad microcode
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SlinplIEeTEXaPIE:
RE R 1o (LN eonvarsion

record RGE { char r, g, b; };
record yuv { char v, u, v: };

kerne]l RGB_Z_¥YUw{ istream<RGE= rgb,
ostream<yUvs yuv

ff loops until all data in rgh is read
Toop_until { rgb.empty() ) {
rgh == in; // Get next el. from rgb stream
out.y = C1*in.r + C2*in.g + C3%in.bh;
out.u = C4*(in.b - out.y);
out.v = C5%(in.r - out.yl;
YUV << OUT] !/ append out onto the yuv stream
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G50 YAON
> I\Jo CONIOI TIoW,
> NO IREFrecorarcommunicaton
- = No data-aependanttuming
- = 11n/1 out - same erderning (Vertex Shader)

m [SSuUes:
> Streams may. be logically serial (ordered)

» Processed as SIMD

+ Slowest PE determines speed (Control Flow)
+ Null outputs
+ Multiple outputs
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> Fllter example

= Conditional Combining
> For expanding streams
> [nterleave example

= | oad Balancing
~ For variable time (data-dependant control)
> Decrementer example
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in== N
if x < 0
ala == f{x); -
se & in==x;
be<gix); | ; a << f[x); —_—
i mask << (x <0} e
b == gix}; —

mask, == (x>=0); [T

original code
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SIMD with conditional streams




= CoRemenRaISSWILCHRING:
EleinorExample

m \\itheut conditenal streams:

kernel filter_process( istream<int> unfiltered,
ostream<bool= mask,

ostream<ints processed )
I
L

Toop_until { unfiltered.empty() ) {
unfiltered == curr;
valid = (curr == 4);
mask << wvalid;
processed << compute(curr);

Jilter pwocess

precessed

=opon ) e o
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= CoRemenRaISSWILCHRING:
EleinorExample

= \\ithr conditional streams:

kernel filter( istream<int> unfiltered, kernel process( istream<int> filtered,
costream<int= filtered ) ostream<int> processed )
.
{ . . ; {
Toop_until { unfiltered.empty() ) 1 loop_until { filtered.empty() )} {

unfiltered >> curr; filtered »> curr;
valid = (curr <= 4); processed << compute(curr);
filtered(valid) << curr; 1
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RLer eaverExample

kernel interleave{ istream<bool= case,
int addra, int addrB,
ostream<unsigned int> ToadIdx }
-+ T . kernel interleave{istream<bool> case,
1uﬂp_unt11 {F$?se.emptyL} 3£ cistream<ints inA,
CARE . SR cistream<int= ing,
i § . ostream<int= out )
ff acnt = # of PEs below you in which sel==1 i ° HEE

iﬁ Ecnt_“ ‘s ‘below’ e C sel==0 J{ assume case.len == inA.len + inB.len
// Note: PEj is ‘below’ PEj if (1 < j) Toop_until ( case.empty() ) {

ACNt = numBelow(sel); BCnt = MY_ID - ACHT; Chca et Spr|e

myAddr = sel 7 (acnt + addrA) : (BCnt + addrB); inalsel) }}'a;
ing(!sel) == b;

// numa calc. by broadcasting highest PE's wal out << (sel ? a : b);

numA = broadcast(NUM_PE-1, ACnt + (sel 7 1 : 0) 33

addra 4= numA; addrg 4= NUM_FE - numA;

Toadrdx =< myaddr;
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" npleresting Example...
> Demonstrates the mechanism

> Wouldhtwornk this\wellin practice?

» Seems a bit contrived
> Any thoughts/opinions?

4;3 2 1.,31..?_

::?_ 1@@2 i 1:|

RN 5 08 T I

L 12 3123 4
e BRI S AR, E
Y 1123112
- 5 N
Jo 1.2 12341
f eRFa




<

HaRaWare:

Dt

inpril_stream Swilch Wakie

eas (Rjight { L)edt

P -
e S

Controller
Famrulakon

. PEs generate request for aceess o the siream (cage vaise)

Data
Sinileh Wahue

T
=
B
!
3
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5. Fead new values Trom stresm and wibe inbs buler, only if necessary,
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DISCUSSION QUESTHIGNS

" RPregramming ERvirenment
> Stream@ - Applicationievel
> Kemel@ - Lowerlevel
> Dynamic runtime’ envirenment
= \apping pregrams: 1o stream) model
> © Signallimage precessing, Graphics, elc.
o [Fixed dataflow; regular structure, small record sizes
> @ Quicksort, Big FFIs
o Regular structure? record size?
> ® Big Random Data, Streams - Network Processing?
o Memory behavior, dynamic/variable structure
= Streams seem unlimited at first
> Size restrictions? (Streams, Objects, etc...)
> Polygon rendering (why not vertices?)
> How are records partitioned?
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. Mﬂmic SIEAMS?:

= Ereation rlnrl AESIIUCHON

= [DYNaImici+#- 0l [EAUErS

- SOr'ring Juestion; again

- = Slream Management (Cachning /- S
‘= Scalabi 1

> Repartitioning kernels

> A million PEs? A millien Imagine chips? Coherency?
> Flexibility vs. overhead

= Architecture flexibility

e iﬂ Salan GIH

> VLIW - upgrade path? Intermediate representation?
> Stream size / Double buffering?
> Realtime issues?

+ Dynamic stream scheduling

+ Host
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m‘ DISEUSSION

AlYENECOIUISIZESZ
OIMparea o PL=sysiemsiat allerent grantianuess
BItlevel (AS] JJ—HQA)
- = Word level (Trraditionall DE machines)
- = Stream leve
x Compared to traditional multiprecessors:
> VMlessage Passing
> Shared Memory

= L2
. Cc

> \What about for streaming workloads?



w « Discussion:
ImaginerEefeiance

" Erem the ImagieVensite:
= Remember; the old =“MIPSH* metric?
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« Discussion:
ImaginerEefeiance

s Anetier View (freni Wensite):
| Artthmetic Bandwidth Apphication Performance

Applications

» MPEG-2 encoding: 720x480 @ 105 FPS




