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Multi-Processor/core Systems on Chip

q HW complexity
q Increasing number of cores
q Increasing heterogeneity

q Heterogeneity and size
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Multi-Processor/core Systems on Chip

q SW productivity gap
q How to program these systems? 
q Meet performance/energy requirements
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Fragmented tools, different runtimes/OS on 
ARM and DSP, 500+ pages on APIs

Homogeneous! OpenMP support uses 
1/3 of program memory!
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Multi-Processor/core Systems on Chip

q SW productivity gap
q How to program these systems? 
q Meet performance/energy requirements 
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ARM and DSP, 500+ pages on APIs
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Need for software automation tools



© Prof. J. Castrillon. 5G Summit5

Programming flow
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Dataflow application

Architecture model

Non-functional 
specification

Analysis

Synthesis

Code generation

Property models (timing, 
energy, error, …)

PNargs_ifft_r.ID = 6U;
PNargs_ifft_r.PNchannel_freq_coef = filtered_coef_right
PNargs_ifft_r.PNnum_freq_coef = 0U;
PNargs_ifft_r.PNchannel_time_coef = sink_right
PNargs_ifft_r.channel = 1;
sink_left = IPCllmrf_open(3, 1, 1);
sink_right = IPCllmrf_open(7, 1, 1);
PNargs_sink.ID = 7U;
PNargs_sink.PNchannel_in_left = sink_left
PNargs_sink.PNnum_in_left = 0U;
PNargs_sink.PNchannel_in_right = sink_right
PNargs_sink.PNnum_in_right = 0U;
taskParams.arg0 = (xdc_UArg)&PNargs_src;
taskParams.priority = 1;

ti_sysbios_knl_Task_create((ti_sysbios_knl_Task_FuncPtr
&taskParams, &eb);

glob_proc_cnt++;
hasProcess = 1;
taskParams.arg0 = (xdc_UArg)&PNargs_fft_l
taskParams.priority = 1;

ti_sysbios_knl_Task_create((ti_sysbios_knl_Task_FuncPtr
ft_Templ, &taskParams, &eb);

glob_proc_cnt++;
hasProcess = 1;
taskParams.arg0 = (xdc_UArg)&PNargs_ifft_r
taskParams.priority = 1;

ti_sysbios_knl_Task_create((ti_sysbios_knl_Task_FuncPtr
fft_Templ, &taskParams, &eb);

glob_proc_cnt++;
hasProcess = 1;
taskParams.arg0 = (xdc_UArg)&PNargs_sink
taskParams.priority = 1;

[Castrill14]



Dataflow programming models

q Graph representation of applications
q Implicit repetitive execution of tasks
q Good model for streaming applications
q Good match for signal processing & multi-media applications

q Large body of research on multiple flavors of these models
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Language: C for process networks

q FIFO Channels

q Processes & networks
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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];

__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 Amp1 = AudioAmp __PNin(C) __PNout(F) __PNparam(3);
__PNprocess Amp2 = AudioAmp __PNin(D) __PNout(G) __PNparam(10);

[Sheng14]



Architecture model and constraints

q System model including:
q Topology, interconnect,  memories
q Computation: uArch model
q Communication: cost functions
q MCA standardizing it to SHIM 2.0

q Constraints
q Time constraints

q Mapping constraints
q Platform constraints
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Analysis and synthesis: Overview

Non-functional 
specification

CPN 
application

Architecture 
model

Analysis: Instrumentation, 
profiling, tracing

Sequential performance 
estimation

Mapping and 
scheduling

Mapping 
configuration

Time-annotated traces

Parallel perf. 
estimation

Increase resources

[Castrill13]
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Example 1) From LabVIEW to Tomahawk Platform
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Example 2) LTE application mapping
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Example 2) LTE application execution
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Example 2) LTE application: Results
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Thanks!
Questions?
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