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Context: Cfaed

O Programming flows for future heterogeneous systems
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Chemical processing [Voigtl4] | Reconfigurable HW with Si-Nanowires Plasmonic wave-guides
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Multi-processor on systems and applications

I . PE Count in SoCs
O o, B s B B s B Sy B U
O HW complexity [ AT iy ]
. " -==%--= Snapdragon Family
O Increasing number of cores w12 r : T OMARMI) e ]
5 10| e "S54 APQB064
2 Increasing heterogeneity g T SAMSMBI60
g 6rf - - OMAP4430- /-
= OMAP3640
Z 4 r e OMAP3530 A ;%"
OMAP1 OMAP2 == =) S3 MSM8060
2+ + + ST QSDB650 52 MSM8255
O P " PR | I P PR P PR P PR P PR PR PR 1 PR 1 PR 1 PR 1

O Multi-cores everywhere

2004 2005 2006 2007 2008 2009 2010 2011 2012 2013 2014
Year [Castrill14]

O Ex.: Smartphones, tablets and
e-readers

O SW “complexity”
2 Not anymore a simple control loop

2 Need expressive models

[EETimes11] 2012 2013 2014 2015
. - CHAIR ‘
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SW productivity gap

O SW-productivity gap: complex SW for ever-
increasing complex HW

Evolution (log)

= Cannot keep pace with requirements

= Cannot leverage available parallelism
O Difficult to reason about time constraints

0 Even more difficult about energy consumption

a0 Need domain-specific programming tools and methodologies!

> Parallelizing sequential codes In this talk: One such a flow for
= Parallel abstractions and mapping methods — KPN applications (multimedia &
~ signal processing domains)

- CHAIR b
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Programming flow: Overview

KPN Application

Architecture model

MEM L1]L1 I Communication
subsystem | [A15[A15 support
L2
DMAs, A15|A15
ez Network
}%S L1 LI LLL2 Processor
NoC
[ Peripherals |
Non-functional
specification

Analysis

Synthesis

Code generation

Property models (timing,
energy, error, ...)
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PNargs_ifft r.ID = 6U;
PNargs_ifft r.PNchannel freq coef = f
PNargs_ifft r.PNnum_ freq coef = 0U;
PNargs ifft r.PNchannel time coef = s
PNargs:ifft:r.channel =_1; B
sink left = IPCllmrf open(3, 1, 1);
sink:right = IPCllmrE_openW, 1, 1);
PNargs_sink.ID = 7U;
PNargs sink.PNchannel in left = sink
PNargs:sink.PNnumfiniiefE= 0U; B
PNargs_sink.PNchannel in right = sink
PNargs_sink.PNnum in_right = 0U;
taskParams.arg0 = (xdc UArg) &PNargs_ s
taskParams.priority = 1;

ti sysbios knl Task create((ti sysbios kr
&taskParams, &eb);
glob proc cnt++;
hasProcess = 1;
taskParams.arg0 = (xdc_UArg) &PNargs_f
taskParams.priority = 1;

ti sysbios knl Task create((ti sysbios kr
ft Templ, &taskParams, &eb);
glob proc cnt++;
hasProcess = 1;
taskParams.arg0 = (xdc_UArg) &PNargs_i
taskParams.priority = 1;

ti sysbios knl Task create((ti sysbios kr
fft_Templ, &taskParams, &eb);
glob proc cnt++;
hasProcess = 1;
taskParams.arg0 = (xdc_UArg) &PNargs_s
taskParams.priority = 1;
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Cfaed i

Kahn Process Networks (KPNs)

O Graphrepresentation of applications

J Processes communicate only over FIFO buffers

0 Good model for streaming applications

0 Good match for signal processing & multi-media

O Stereo digital audio filter

filter_|

filter _r

. . CHAIR K
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Language: C for process networks

2 FIFO Channels typedef struct { int i; double d; } my struct t;
PNchannel my struct t S;
:PNchannel int A = {1, 2, 3}; /* Initialization */
___PNchannel short C[2], D[2], F[2], G[2];

O Processes & networks

___PNkpn AudioAmp  PNin(short A[2]) _ PNout(short B[2])
___PNparam (short boost) {
while (1)
__PNin(A) _ PNout(B) {
for (int i = 0; i < 2; i++)
B[i] = A[i]*boost;

}}
___PNprocess Ampl = AudioAmp _ PNin(C) _ PNout(F) __ PNparam(3) ;
___PNprocess Amp2 = AudioAmp _ PNin (D)  PNout(G) _ PNparam(10) ;

[Sheng14] (L P
11 © J. Castrillon. DREAM Seminar, Oct. 2015 SR8 W cowrncr



Architecture model

IHH o=

cfaed i

Communication
support

HW queues

Network
|_Processor |

Packet DMA

O Systemmodel including: iy ——_—
, : VLIW DSP
O Topology, interconnect, memories DMAs,
i L1,L2
d Computation: cost tables (as backup) MU =
O Communication: cost function (no contention) Peripherals

O Example: Texas Instruments Keystone

—<Platform>

<Processors List="dsp0 dspl dsp2 dsp3 dsp4 dsp5 dsp6 dsp7"/>
<Memories List="local mem dsp0 L2 local mem dspl L2 local mem dsp2 12
local smem dspl L2 local smem dsp2 L2 local smem dsp3 L2 local smem dsp
local mem dsp3 DDR local mem _dsp4 DDR local mem dsp5 DDR local mem ds

</Platform>
<Processor Name="dsp0" CoreRe
<Processor Name="dspl" CoreRe

<CommPrimitives List="IPCIl_SL2 IPCll DDR EDMA3 SL2 EDMA3 DDR EDMA </MultiTaskingInfo>
—<CostTable>
DSPC66' —<Operation Name="Load">
—<VariableType Name="Char">
<Cost>1</Cost>
</VariableType>

<Processor Name="dsp7" CoreRef="DSPC66"/>

—<Memory>

—<VariableType Name="Double">

' —<Core Name="DSPC66" CoreType="DSPC66" Category="DSP">

—<MultiTaskingInfo MaxNumberOfTasks="-1">
<ContextSwitchInfo StoreTime="1000" LoadTime="1000"/>
<SchedulingPolicies List="FIFO PriorityBased"/>

<LocalMemory Name="local mem dsp0 L2" Size="524288" BaseAddress_hex="00800000" ProcessorRef="dsp0"/>

</Memory>

12
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Architecture model: Communication

H H A mmunication
0 Piecewise curve-fitting from measurements e I
—<Platform>
<Processors List="dsp0 dspl dsp2 dsp3 dsp4 dsp5 dsp6 dsp7"/> VLIW DSP HW queues
<Memories List="local_ mem_dsp0 L2 local_ mem_dspl L2 local mem _dsp2 L2 local mem_dsp3 1112 Network
local smem_dspl L2 local smem _dsp2_ L2 local smem_dsp3 L2 local smem dsp4 L2 local smem .
local_ mem_dsp3 DDR local_ mem_dsp4 DDR local_ mem_dsp5 DDR lgg R6 DDR local_md NoC
<CommPrimitives List="IPCll_SL2 IPCIl_ DDR EDMA3_SL2 EDMA w 2%/> . Packet DMA
Peripherals |
Consumer \
6000 Y v T T —<CommPrimitive>
DDR e P ~<CPDMA Name="EDMA3 DDR">
Local L2 g <Description>EDMA over DDR</Description>
5500 I Shared L2 ....... /,- | —<Costs>
o <Cost End="800" Function="11442.60163-0.15775*x"/>
» - <Cost Start="801" Function="11204.94186+0.316143*x"/>
k] e </Costs>
o 5000 r e s <DMAs List="local mem dsp0 DDR local mem dspl DDR local
O e AT </CPDMA>
- i </CommPrimitive>
¢ . v
4500 f __f y
) v s
i ./ . .“,:l
e Wi . nw) ‘H,WW
4000 e rat i L N
0 1000 2000 3000 4000 5000 [Oden13]
en
Data [Bytes]

- . CHAIRFOR
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: . .. cfaed &=
Architecture model: Communication (2)

Tomahawk2_core
O Models for Network on Chips (NoC) er ] e | I JART.
Duo-PE3 gL vosr | 5d 52 CM \ 1 GPIO
VDSP SC - -
O Channels can be mappedto o) !
ADPLL Router . Router o
PMGT (1,0) hs-serial (1,1) parallel
0 Local scratchpad (producer or consumer) buoPEZf | \[puorEl| 52 [z ‘ g
SR | .
RISC RISC Ll 5
D GIObOI SDRAM hs-serial hs-serial PMGT ﬁ]?e?f':'(\:ﬂe- -(}
FPGA- o2 |oz [Duo-PE7 Duo-PE4
{Mlinterface 4 FEC E’E 5 [_vosP_|N f
Cost model & measurement , i N S e | O Y
I ‘ ‘ T T ADPLL F\‘((())u(;?r hs-serial R(gu:t)er I—A-Dpt,_—l
2,000 | |— Write to scratchpad £ ) : A
—— Read from scratchpad \ sp uo- Duo-PE5
[vDsP_|
—— Write to RAM C‘L‘r’fr CH | B H\ér:g ‘
1,500 1| . Read from RAM hs-serial 1
9 [Arnold13]
U L]
> 1,000 Static access costs
Locally consume token - ‘ ‘ | 114 I
500 Locally produce token | | 140 B
Remotely consume token -| | 203 s
= ‘ ‘ ‘ ‘ ‘ ‘ Remotely produce token - | 229
0 1,024 2,048 3,072 4,096 5,120 6,144 7,168 8,192 0 50 100 150 200 250
bytes cycles
- B cpareos
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Constraints

d Timing constraints 1 ms

1 Process throughput
O Latencies along paths
 Time triggering

0 Mapping constraints

O Processes to processors

O Channels to primitives
d Platform constraints

O Subset of resources (processors or memories)

O Utilization

LS W cpaireon
© ). Castrillon. DREAM Seminar, Oct. 2015 BEE B courncr

CONSTRUCTION




16

- : T Ccfaed &=
Algorithmic description =

O Extended application specification

0 Selected processes are algorithmic kernels with algorithmic parameters

O Extended platform model

O SW/HW accelerated kernels and their implementation parameters

parazeter naze~"bitwidth"><value>32.0</value></parameter> | Types & pqrqmefers
parazeter name~"points*><values List~"32 64 128 286" /></par
property name~"latency*><function>16*points+100</function></pro

input name=*"fft_in"><port>imput</port>

<DataType representation~"fixed_ point" format="(Q31" DataWwi
FFT HW <Interface type="buffer_flag 1of2"> quency equqﬁons
<val name="size" val="8" /><val name="stride" /> <val naze="c
ACC “oiza® vaieca:

<val name~*fsize" /></Interface>
<Interface type~"buffer_flag 20f2">
<addr naze~"addr" ; "in® 2i0+"0x204100000" 2ax="0x041F0000" .
T {ze="8" stride~"fft_in__stride" cat="64"/> InTerfOICIng
<addr nane~"faddr" ; "in* La=*"0x04100000" ax*"0x041F0000%
Poinfs Dq-‘-q {ze="4* cont="1"/></Interface></input>
format [Castrill10, Castrill11]
. - \:NLIF‘ F
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Analysis and synthesis: Overview C;

CPN Analysis: Instrumentation, Sequential performance

application profiling, tracing estimation

Architecture Mapping and A Parallel perf. Mapping

model scheduling estimation configuration

Non-functional ( A
specification Increase resources

v

. “. CHAIRFOR
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clfaed &=
Tracing: Dealing with dynamic behavior

d KPNs do not have firing semantics
°

O White model of processes: source code analysis and tracing

. . . . . [ Resources |
O Tracing: instrumentation, token logging and event recording

L} ‘.
v _ , : Elapsed time
v for (;1i < x;it+) {
. ' between events?
: write(&c2); .
1 L d - v Al 2] /1
' £1(...):} 2 wC? 62 »C1 .0
' read(&cl); T T T 1 1
1 s
’ f2 ( L ) ; Pl t»
' L
; read(&cl); Cs .Co . Cy,.Cy . Co Co C
' w? ry? w7y or P wy!
" A A A
R — ’ P2 cee t
>
. - CHAIR F
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. . . Cfaed &=
Sequential performance estimation ,
esTlmchon

O Fine-grained: Sometimes within code
basic-blocks

|I|.|I||||m||"

. .
d IR-level instrumentation
0 Cost tables for different architectures
0 Execution count in between events
e -
e —~ire—
ety =—=tcrre
== ————"] [ —— ]
O Advanced: Emulate effect of target _—
compilers and back annotate to IR o g —
[ =~ ]
== ————"]
[ ]
ey
[ ———]
[—— — ]
[ - ]
[ ="
[————]
. CHAIRFOR
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Sequential performance estimation (2) =/

[ rraang | Seaeert )
d Processor models -" T
Mapping o

Application (C) Processor model

wk_max = 0; wi_max = 0; wk_max = (;
p2 = &(l_image pnt2 = &(1_image p2 = &(1_image P
[Ixsize+1]) [xsize+1]). [xsize+1]),
pot = &(im_data pot = &(im_data pnt = &(im_dala
[(IM_WIDTH ((W_WIDTH ((IM_WIDTH
+1)'PIXEL_SIZE]). +1)"PIXEL_SIZE]). +1)"PIXEL_SIZE]).

poff = potf = poff »
PIXEL_SIZE PIXEL_SIZE; PIXEL_SIZE; Register Files (Ro..R,)

Resources

[Eusse14]

SSA-IR (LLVM) Performance

Lowering Scheduling

\ptrx = getelementptr 132 estimation

x = load 1J2* Wptrx N .

\x - ada Ve by \_/ 1y R T

. N Ay r W wr LoAD

-9 a 2w woe LoAD

Pov MM :EEE | el

: . wor woe o

s L L L1
Profiler (CoEx) ¥

ey | - l Execution counts, branch stats and execution traces

pott = PIXEL_BIIE:

. - CHAIR F
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Sequential performance estimation (3)

O Abstract models for compiler emulation

O Resources (functional units, register banks)

Seq. perf.
Trad

. Par. perf.
Mapping e stimation

Resources

O Operations (pipeline effects, SIMD, addressing, predicated exec.)

O SW-related costs (calling convention, register spilling, C-lib calls)

e

~\

Processor Model

Conventions

<Model name="c674x"> ...
<FunctionalUnit BW="32" Ctrl="0" name="FUl">

<Operation bw="32" Pipe="1"

lat="2"

name="MUL"

Imm="16" SIMD="1

" />

ADD
SUB

ASR
LSL

LD

ST

Prologue:

14+2*X,

arg

<Operation bw="16" Pipe="0" lat="2" name="ADD"

Imm="16" SIMD="2"/>

MUL LSR CMP

OR

Z X

BR

$

RF,(16,32)

RF,(8,32)

Epilogue: 4 </FunctionalUnit>
Branchgyern: 3 <RegisterFile name="RF1" size="16" BwW="32"/>
<RegisterFile name="RF2" size="8" BW="32"/>
<Perilogue proBase="1" proLin="2" epBase="4" epilin="0"/>
External library costs <LibraryCosts >
<Cost name="malloc" base="9" Lin="0.3"/>
<Cost name="fsqrt" base="235" lin="0" />
malloc: 9+0.3*N.;,. .
fsart: 2 </LibraryCosts>
sqrt 35 </Model>

J

© J. Castrillon. DREAM Seminar, Oct. 2015
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Parallel performance estimation

e estimation

M H TI’CICG Repldy CopteXt =TT ]S'IOCked ‘ Par. perf.
apping switch time
configuration Module PE3-- 1
(TRM) PE, | - - - S
PE, |- - - - -

Time-annotated traces f O

© , ) Grantt Chart, platform utilization,

Xl S channel profiles, ...
& it b Ll Architecture
TS f
Ot 1 model

O Discrete event simulator to evaluate a solution

[ Replay traces according to mapping

O Extract costs from architecture file (NoC modeling, context switches, communication)

. . CHAIR R
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Trace-based synthesis ,

e estimation

- &
Non-functional Mapping, Mapping
specification scheduling, configuration |
buffer sizing -

Time-annotated traces
() ! !

#l#gvv ¥ hw

&) T:TTA fT” +AT o t Architecture
O model

[Castrill10b, Castrill13]

O Synthesis based on code and trace analysis (using simple heuristics)
O Mapping of processes and channels
 Scheduling policies
O Buffer sizing

- W cuareon
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Trace-based algorithms

Cfaed i

e estimation

O Eventtracescan be represented as large dependence graphs -"
Mapping o stimation

A

r

l

Cs

)

Blocking write, size(chan. 2) = 1

A A
Blocking write, size(chan. 2) = 2
>

l Blocking read
——
>
C’
e

25

. - CHAIR K
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Trace-based algorithms (2)

O Eventtracescan be represented as large dependence graphs
O Possible to reason about
 Channel sizes and memory allocation

O Mapping and scheduling onto heterogeneous processors

Co Cy Csy Cy C1
wq Wq Wg= Ty Ty

wlc'a 7.102 C.,Cs Co Co  Cq

Wy Ty"Tg™ T3~ Wy

NI

A\

© ). Castrillon. DREAM Seminar, Oct. 2015
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Clfaed &=

Dealing with heterogeneity: group-based mapping (GBM) ?

1) Initialize: All to all

2) Select element: Trace
graph critical path

3) Reduce group
4) Assess & propagate

5) Quasi-homogeneous

App. elements

?

Trace graph

27 © J. Castrillon. DREAM Seminar, Oct. 2015 BEE B cowrmcr
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e estimation

Mapping for HW accelerators

d Not only mapping but also configuration g

. Par. perf
Mapping . "”

Resources

O Match algorithmic parameters with implementation parameters

3 Adjust synchronization and communication protocols

Algorlthm llbrary Ny parazeter sase~"bitwidth"><value>32.0</value></paraseter>
. parameter name~*poiats“><values List~"32 64 128 286" /></parameter>
S property name~"lateacy"><function>16epoints+100</functicar</property>
“. input name~*"fft_in"><port>imput</port>
,Nl T N3 DataType representation="fixed point" format="Q31" DataWidth«*32* />
4 a - - <Interface type~"buffer _flag 10f2%>
-~ e . . <val name~"gize* val="8" /><val name~"stride* /> <val name~"cat® wval="64* />
P ; <val name~"fsize® val="4" /></Interface>
? Fommmsazao <Interface type~"buffer_flag 2012">
> ) ] . : <addr name=*addr® pool=*in* min="0x04100000* max="0x041F0000* gram=*8*
3 P o £ > "\.\ $120="8" stride~"fft_in__stride” cat="64"/>
: . ! F72 : F32 F31 _______ F33 /: <addr uue-:f:ddr.' ;--,-‘»_'-'in' 2in="0x04100000*" 2ax~*"OxO41FO000" gran~*4*
‘“_,. ------------------- =" — — . gize~"4" &= 1*/></Interfacer</input>
E — - u — — ! [Castrill10, Castrill11]
- PE2 PE3 - - PE6 PE7
N: Algorithmic actors
Platform model + characterization of special components F: Existing |mp|emen’rc1'r|on in target plq’rform
~

LS W cpaireon
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. cfae
Multiple traces

O Differentinput = different behavior (traces) —
Gpplng m‘ o ation

O Characterize behaviors and impact on mapping performance

Mapping
configuration

) @ ED—
GKG PN Ea Mapping
D@D =D D=— @ @ -
conriguration

[Goens15]

© ). Castrillon. DREAM Seminar, Oct. 2015
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Multiple traces (2) ,

e estimation

L] L[] L] ° ‘
O Differentinput =2 different behavior (traces)
O Characterize behaviors and impact on mapping performance
A
Mapping
'85 configuration
<
.0
5
S Mapping
Ll . o
configuration
> Mapping
[Goens15] Behavior configuration
. - CHAIRFOR
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Multiple traces (3) Ca?

Tradin Segq. perf.
]
9 estimation

O Behavior difference as metric in trace /history monoid -" S—
Mapping estimation
Random KPNs: Slow down w.r.t. .
. ) JPEG application:
optimum vs. trace distance T
. ol v o4 Observed trace groups — [ d
= No correlation JR 4>
6 \ 5 V;E * v/ N \\\\\\ - 2
— L v ¥V O - d
5 1.6 O Wy oxy Q 100 : - 1
L o o%x ¥ w ©
c 15F @] OV;;% - |
_§ 141 S
= _
% 1.3 O
n £ |
>
1.2F =z
11} |
: Tl o 09 0 _oi5 1 ] 15 2
[Goens15] Normalized Trace Distance Trace Distance Normalized with d(0O,ref)

. . CHAIRFOR
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Increasing resources =

Tradn Seq. perf.
]
9 estimation

O Add resources to the synthesis until constraints are met e
Mapping timation
Mapping and Parallel perf.
scheduling estimation
O Add processors and memories
O Easy for homogeneous platforms
& Non trivial for heterogeneous platforms
- W cpaireon
© J. Castrillon. DREAM Seminar, Oct. 2015 8=l B e
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Increasing resources: Exploit symmetries

! ! i M ‘ estimation
d Identify mapping equivalent classes due fo HW symmetries
- — ?
® ° b —
11 Iyl

SR 2R . :
O Do not evaluate equivalent mappings
1 \ \ d Reduce search space when adding resources

R EE . P 9

O Multiple traces (revisit)

1 Random traces: 5 out of 83 classes account for
[Goens15]

50% of all optimal mappings
O Application to multi-application analysis

. “ CHAIRFOR
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Code generation

CPN

application

Mapping f

configuration Architecture

model

Code generation

Cfaed &=

PNargs_ifft r.ID = 6U;
PNargs ifft r.PNchannel freqg coef = filtered coef right;
PNargs:ifft:r.PNnum_frea_coef =0U; - B
PNargs ifft r.PNchannel time coef = sink right;
PNargs:ifft:r.channel =1; B
sink left = IPCllmrf open(3, 1, 1);
sink:right = IPCllmrE_openW, 1, 1);
PNargs_sink.ID = 70U;
PNargs sink.PNchannel in left = sink left;
PNargs:sink.PNnum_in_IefE: 0U; B
PNargs sink.PNchannel in right = sink right;
PNargs:sink.PNnum_in_Eigﬁt = 0U; B
taskParams.arg0 = (xdc_UArg) &PNargs_src;
taskParams.priority = 1;

Debugging info

O Take mapping configuration and generate code accordingly

O From architecture model: APIs, configuration parameters, ... SILEXICA ===_.
O Sample targets: experimental heterogenous systems, Tl (Keysonte,
TDA3Xx), Parallela /Ephiphany, ARM-based (Exynos, Snapdragon)
© J. Castrillon. DREAM Seminar, Oct. 2015 ... : EEEEL’,;‘”,%
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Debugging with virtual platforms

Debugging info

¥

d Interactive debugging

OS-descriptor

¥

O Get snapshots of the system state
d Full system stop

O Track progress irrespective of mapping

Debugging layer

o~ P )
) B : b
...............................
\ 1
1
A i 13 ¢ o
Wi it e i)
................................
" -

L™ e e

Internal state of the MPSoC schedule: ot e
i i o= o
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Debugging with virtual platforms (2)

O Deterministic replay and automatic bug exploration

High-level events

(T)

Monitor

(M)

Events (7)

Oracle
(0)

Exact replay

(B)

[terative
Bug

Exploration

Control
actions (Z)

Controller

(C)

Bug
provoke (B')

PN, AS——————

Bl T T

[Murillo14]
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Evaluation and results

Q Virtual platforms: SystemC models of full systems ™
O Explore heterogeneous architectures

O Easier to integrated state-of-the-art accelerators

O Configurable accuracy

O Real platforms for validation
O Speedup on commercial platforms

0 Code generation against vendor stacks
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Example: multi-media applications

3 Platform: 2 RISCs, 4 VLIW, 7 Memories

Affinity m— Balancing GBM  ——
Random walk mssss  Sim. mapping E=ZZ=3
2 2 12
O 16t IV
8 8
E E
= § 1 e
a 12t - g
3 3
~ ~
VAR T | D | DN | o
= ‘ ...‘ =
0.8 : - 0.8
LP-AF JPEG MJPEG Low comm.
Real Applications
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Example: multi-media applications (2) ?
O Dealing with real-time constraints
Iterative Mapping Iterative Mapping
300 , - : - 1.2 ——

— Real-time algorithm =——— — Real-time algorithm ——

< 250 Real-time constraint s - g 17 Real-time constraint s -

> >

?t 200 g 0.8

= 150 + c 06 F

g S,

?100 i T— 8 0 L e ———TETTTN Gt ereenns

-(\"5 50 - —:‘3 02 s

= =

0 1 1 1 2 2 0 1 2 1 1 L 1 I
0 5 10 15 20 25 0 5 10 15 20 25 30 35 40
LP-AF Trials MJPEG Trials

Tool: ~1 min. for LP-AF, ~7 min. for MJPEG ~10 min.

Sim.: ~6 days for LP-AF, ~24 for MJPEG ~10 days (~x103)

L CHAIRFOR
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Example: With HW acceleration

O Application: MIMO OFDM receiver

Library 1: SW
d Hardware

implementations

ARM $ Mem

2 Platform 1: Baseline software
Library 2: SW

d Platform 2: Optimized software optimized

O Platform 3: Optimized SW + HW

Achieved rate @ 100 MHz

1758241,758 Library 3:
128000 '
Z 1,00E+06 7680 SW+HW accel.
£ 1,00E+04
o Custom Interconnect
c 1,00E+02 —
[
1,00E+00 r FFT
1) 2)
bsp1 (sw, bsp2 (sw,
unoptimized) optimized)
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Manual vs. Automatic: Tl Keystone

Cfaed i

Manual M Automatic Manual M Automatic
57 5757 5757 40
v 29 2929 31 2931
36 40 23,0 g 2223 2224 g 27
4 26 § 2'0 1'6 ’
N
0,0
2 3 4 5 6 7 8
Cores Cores
Image processing Audio filtering application
Manual W Automatic
3,0
n I
810 LTE digital
0,0 receiver
[Aguilar14] 2
Cores
. . CHAIR K
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TRM vs. Actual execution: Tl Keystone ?
. Makespan: LP-AF — Makespan: JPEG
7 80— . - g Y " TRM ——
= — o n -
St coors e ] & CO678 %
o 900 .
S 40t : 2
o % L ] 2 60 I ]
g 0 1 1 1 1 [_"" 300 ﬁ%
- 12 4 8 b2 4 5
Number of Cores Number of Cores
- Makespan: MJPEG
qwj 600 T T T T
O 500 F TRM =—t—
23‘ 100 - C6678 === | Makespan error < 20% (Avg. 7%)
- ;’gg I : Speedup error < 8% (Avg. 5%)
E 1 1 1 1
= 100

1 2 4 8
Number of Cores
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Outline 7

O Motivation

Q Input specs

d Analysis and synthesis

O Code generation and evaluation

0 Summary

L CHAIRFOR
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Summary

O Tool flow for mapping KPN applications
0 CPN language: a language for KPNs close to C
O Analysis and synthesis based on traces
O Extensions for: multiple traces and algorithmic descriptions

O Backends for multiple platforms (bus and NoC-based)

O Current and future work
J More on static code analysis
 Continue on multiple-traces and symmetries

O Applying to other domains (server applications)
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