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What are the implications for wireless infrastructure if this trend will continue?
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Flexible RAN Architecture
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Open, software defined RAN:
= Radio (L1-L3)

= User services (L8)
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Dataflow Computation Model ...

o Network functions — packet processing
o Data plane of L2-L3 — transport block processing

Dataflow Applications

= Dataflow application:
O Task: atomic unit of computation
O System: composition of tasks
and systems

= Motivation:
O Modular SW architecture and computation API enabling

applications

QO Support for hierarchy and data/control dependency

flexible design of runtime engine and task-centric dataflow
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= Dataflow computation model well suited for most challenging parts:

o L1 Baseband - sync, de-/coding, de-/modulation, channel estimation, equalization, ...

Control

Control Unit

Flow
Computatlon API|
; + ;
Task/System Manager
pata Data Dependency Analysis
Flow L i i

_
Dataflow Graph

Scheduler & Dispatcher

Dataflow Engine

Q Exploit inherent parallelism and heterogeneity of application
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. Dataflow Computation Model

= Hierarchical Dataflow Approach:

O Separated dataflow execution units for system-level and task-level
processing — pipelined runtime system

O SP - System Processor — Processing of systems

O PE - Processing Element — Processing of tasks
Systems

Dataflow Application

T Ty

= Engine configuration according to system capabilities
and application requirements:

Application System sp1 sp2 Task PE1 PE2 PE3
Controller Manager Manager

Node-1 Node-2
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System Implementation ...
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= Runtime system portable to various target platforms: ARM, x86, Tensilica, ...

ODROID XU3
Exynos5422

Application Controller
4x A15 + 4x A7

SystemManager 1.8GHz

<20W

System Monitoring

Tomahawk-2 MPSoC
6x Xtensa + 6 ASIPs

TaskManager |:>
ﬂ B ﬂ Fujitsu Celsius R940
2x Xeon E-2650v3,

[ POSIX (pthreads, ...) ] 2x 10 Core, 2.3GHz

L|nux (Linux-RT, Bare metal, .

aE

< 500W

EUROSERVER
4x 8core ARM A-53
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Pipelined message passing queuing system:
o Message passing queues between system components (threads) with

various arbitration mechanisms ( )
o Pre-allocated buffers and thread pools Life cycle of task specification
o Pre-allocated task specification structures
o Optimized by thread priority and core affinity Task create @ Task clean
Frﬁi]TaskSpecs

Task Thread Pool

—

System Thread Pool

o Request to run Return|from task
° System = & &
L Request g E’
o
il iy SN
Q ] = Predecessor:
o + o]
u>'f =
No-predecessors’ Issue
No free PE
Finished Systems Finished Tasks Y,
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» TaskC - “Simple” and extensible task-centric programming
interface enabling specification of:

o Tasks and systems, o
Dataflow Application

o IN/OUT arguments,

o Dependencies,

a WCET,

o Deadline, Priority,

...

= Support for dynamic and/or static task-graph generation:
o Definition by generator function — Dynamic dataflow
o Definition by data structure — Static dataflow
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= Create Task: TaskSpec* t = task(fnc, *argl, *arg2,.);

TaskSpec* tl1 =

task(fx, IN(bufl, BUF1_SIZE), OUT(buf2, BUF2_SIZE));
set(tl, Property, Value);
push_task(tl);

= Task dependency:
predecessors(TaskSpec* dest_task, TaskSpec *source_task,..)

TaskSpec* tl1 = task(fx, IN(bufl, BUF1_SIZE), OUT(buf2, BUF2_SIZE));
TaskSpec* t2 = task(fy, IN(buf2, BUF2_SIZE), OUT(buf3, BUF3_SIZE));
predecessors(t2, tl);

push_task(tl); push_task(t2);
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= Task synchronization: synchronize();

Barrier

TaskSpec* t1 = task(fx, IN(bufl, BUF1_SIZE), OUT(buf2, BUF2_SIZE));
push_task(tl);
synchronize();
TaskSpec* t2 = task(fy, IN(buf2, BUF2_SIZE), OUT(buf3, BUF3_SIZE));
push_task(t2);

= For/While loops: for(init; condition; update){ task(.); .. }

For(i=0;i<N;i++) For(i=0;i<N;i++H){ i
TaskSpec* tl1 = task((fx, IN(&bufl[i], SI1ZE1l),
buft | IN| 1 |ouT [ buf2 OUT(&buf2[i], SIZE2));
= fx ~E push_task(1);
3
Synchronize();
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= Create Task:
if (condition){
task(TASKL, .): buf2
else{
task(TASK2, .);

¥
if(cond){

push_task(tl);
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TaskSpec* tl1 = task(fx, IN((bufl, BUF1l_SIZE), OUT((buf2, BUF2_SIZE));

3
else{
TaskSpec* t2 = task(fy, IN(buf2, BUF2_SIZE), OUT(buf3, BUF3_SIZE));
push_task(t2);
3
= Hierarchy: System
buf1 buf3
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= Model definition: rstzcosmreerT
o Dataflow GUI (DFGF) == i |
a XML description = : 5__:.:‘ .
o C++API § Dataflow
= Code generation: == | a £ Project
a Dataflow Code Generator (DFCG) ' l £ -
= Generation of internal data structure - > DFP
= Flattening DFGF
= Scheduling & Optimization > FLB
= Target specific code generation e .
o Generated code: 2 g Dataflow
= Memory management Library
Task/Data synchronization
= Task interfaces . Dataflow
= Buffer checking (overflow) “— Exchange
= Debug info Format
H DF
= Debugging: ce
o Visual Studio/ \
GCC project rosnen
Autoverification A Simulator Interface| Debug Info
o Au " N - ]
Vs MATLAB ‘Ta.sliClP.ro‘ject Project configuration (VCG + Log)
reference i
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