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Figure: An example streaming application in SDF model.

o Process, channel, FIFO, and the “synchronous”’ name
o Computation T = [tc i, tc j, tc k] and storage ' = [vi j,Vj k]

o Consistency, e.g., rj - njj = rj - m;j in ch; j; avoid auto-concurrency
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Figure: A 3 x 3 regular 2-D mesh MPSoC architecture.

o Each tile consists of a processor (up), an application memory, a
token buffer, and a network interface (NI).

o Hard real-time NoC infrastructure: switches (s) and links.
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(1) TDM scheduling scheme. (2) Throughput optimized scheduling.
Time 0 1 2 3 4 5 6 7 8 9 Time 0 1 2 3 4 5 6 7
TDMA[ Pi | Ps | P5 [Pi| Pi| Pi [ Pi [ Pi| P5 [Pi] C T T T T T 1T 71711
v [ Pa| Pi| P4 Pi Pi Djlpi| wn [PiPilPj[PilPi]|  [Pj]Pi
comm. VEVENE (D] comm. P PsPs  |Ps
e PrKPKDPK o2 PPk Pk
maroi; | 1 1212111212222 1 | Fros; | 1212|1122 (2]|1
mrogs 01013321 1]0[0f3[|3] #ross| 0|0 [3]312]1]3]3
mrogl 0 [0|0[1]2[2[1]0)JO0|1] rross |00 |0|1]2]2]1])1
> periodic phase

> periodic phase

With Lperioa = 6 With Lperios = 4

Constrained Global Scheduling of Streaming Applications on MPSoCs 418




Motivation Related Work Constraint based Analysis Experimental Results Conclusion

O Related Work
@ Constraint based Analysis

© Experimental Results

O Conclusion

Constrained Global Scheduling of Streaming Applications on MPSoCs

5/18



Motivation Outline Constraint based Analysis Experimental Results Conclusion

o For SDF models, to construct heuristic periodic admissible parallel
schedules (PAPS) on multi-processors [Lee and Messerschmitt,
1987a], without constraints on buffers and throughput.

o Stuijk et al. [DAC '07] propose a mapping and TDMA/list
scheduling design flow for throughput constrained SDF applications
on MPSoCs, which is argued about the OH and lacking of global
optimization on performance metrics.

o Inspiring work: model-checker determines the minimal deadlock-free
buffer of SDF models (no computation constraints) [Geilen et al.,
DAC '05]; Liu et al. [RTSS '08] use SAT-solver to explore the
mapping and scheduling of homogeneous SDF (HSDF) models on
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Cumulative functions [Cruz1995]:
Arrival function R; j(t) = Y ¢ s1
Service function C; j(t) = > ¢ s 2 + + * ——K
Output function R ;(t) = R;;(t) DY R
Demand function 1f g’”((?)l
. _ 2 8l,(t)— B, e
D (t) = > 051+ njj, pj computing g d
el 26 s1, p; stalling - i
Bij(t) — BY
Buffer Properties: :
Buffer backlog B; (t) S S s ;
Buffer requirement B/ (t) 8 T2 ﬁ":gtag - > S
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Our declarative scheduling method considers

o Execution semantics of SDF models [Zhu et al., DATE '09]:
e.g., static token rates, asynchronous buffer

@ Resource constraints: binding applications onto target MPSoC
platforms

o application to architecture mapping (be aware)

o computation scheduling

e communication routing and flow control

o performance metrics, e.g., buffer cost and real-time constraints
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Constraint (Single residence)

> i =1, Vp€EP (1)

ppn€V

Although mapping is fixed, scheduling needs to be mapping-decision aware

'Constraint (Mapping & scheduling association)

Sequential execution of processes on each processor, and the mapping and
scheduling association:

> i, W(t) € {0,1}, Vup, € U, t € No (2)
piEP

in which W;(t) denotes the 1-0 (computing) status of p;.
Wi(t) = max(L;(t), Li(t + Ae)), VA € [, tc ] (3)
G(t+1) - G(t)

mj,j

Lit+1) =

€ {0,1}
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Figure: A template of producer-consumer refinement. w; ; (correlated
with ) denotes whether ch; j is as intra-processor channel.

Some constaints on FIFOs can be formalized, e.g.,

Property (Buffer usage)
The FIFO usages of FIFO; s at time tag t is denoted as B; s(t):

Bf,a(f)ZDf,5(t)*ﬂwi,j(cf,5(t)*3?,5)*‘*’i,j(ci,j(t)’B?,j) (4)

in which B? is the initial data tokens.
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Property (Buffer cost vs,,s — disjoint partition)

Vsum' = Y (Wi jvij + ~wi j(Vi,s +V6,))s Vpirpj € P (5)
i,j,6
where  ~; ;> B; i(t),7i,5>Bj s(t),7s,;>Bs (1), Vt € No

in which ~; ;, vi s, and ~s.; denote the sizes of FIFOs in the template.

Property (Buffer cost s, — shared partition)
Ysum’ IS the sum of the shared buffer space on individual tiles.

Vsum' = D Vtilen (6)
n

where Yiie,n 2 > (3i,1up, Bi, (£) + 3j,upy B,j (1) + 3i,up,i, By j(2))
i
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() on-the-path transmission

(3) packet ejection

Figure: Three phases to route a packet in inter-tile channel ch; ;.

@ Assuming deterministic X-Y routing on NoC, routing decisions are in
B" and 3¢ on rows and columns with conrresponding constraints.

o In hard-real time NoC (contention-free), a packet (data token)
reserves a circuit switching before the transmission finishes, e.g., in
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ejection, and inter-tile traffic flow (for rows of links see Eq. 8)

Constraint (Contention-free traffic flow scheduling)

Z A up, Wé(t) € {07 1}7 (7)
i
D B s € {0,211, 15, Iwste) € {0,1,2},  (8)
] i

Vpi,pj € P,ups € U, t € No

with W;(t) to denote the data transmission 1-0 (working or idle)
status on NoC modeled by ps.
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Constraint

(Application output throughput) After some start-up time period
70 (10 > 0) with no stable output tokens, a specified output
throughput poyt should be sustained at the application sink
process p;.

Cj(TO + k- Lperiod) - Cj(To) =k-J- rj - mjj, Vk € Np (9)

Empirically, Lperiod = [MLJ € N\{oo} , in which J is

Pout

incremental and leads to an valid Lperiod-
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o CP (Gecode) has been successful to solve NP-complete problems.
o Problems are defined by: variables, domains, and constraints.

o Some efficient modeling techniques in solutions finding:

o Redundant variables and constraints. E.g., redundant mapping
decision variables.

o Domain and constraints reduction. E.g., lower bounds for FIFOs,
constraints are checked in t € [0, 7o + Lperiod] Once periodic phase
happens.

o Branching and exploration. To construct the search tree, the
branching variables are prioritized as follows: Vsum (Vsum’), Vitens
and C. Empirically, the exploration starts with minimal values for all
variables
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Table: Comparison of scenarios with varying OH. (3 x 3 platform).

specification SCP-OH? SCP
app. #b thru. req.  J  Ysup (’YSUm”) time®  Yspm ('YSum”) time®
2 3125e2 1 - ¢ 352 98(45 3.0e3
Modem 2 1.667e-2 1 98(46) 5.0e3 92(41 1.4e3
. 2 2.5e-2 1 - 422 121(53 4.7e4
Wireless 2 1.7e-2 1 123(49) 6.4e5 120(48 1.2e3

2 50% OH in computation latency, plus 100% OH in communication latency.
b The number of application instances mapped onto platform.

¢ The solutions finding time (ms), branched and explored with s,/ and .
d The problem is infeasible.
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Table: Comparison of scheduling methods (2 x 2 platform).

specification PAPS SCP

app. # thru. req. J vsum (Vsumr) time J Ysum (Vsumrr) time’(time”) 2
. . 1.101e-1 3 510(510 120 3 36(31 2.6e3(2.3e5
Bipartite 1 1.096e-1 2 352(352 50 1 36(31 1.8e3(1.4e5
1 1.082e-1 1 194(194 20 1 36(28 1.9e3(2.1e5
2 24621 - - - 1 638(34 1.9e3(4.7¢4
Cd2dat 2 1.553e-1 2 2926(1504) 430 1 66(34 1.8e3(3.3e5
2 1.550e-1 1 1472(762) 120 1 66(34 1.9e3(3.3e5
2 2103e-4 - - - 1 9512(9506 9.7e3(2.3e5
H263 2 2.102e-4 2 19016(19012) 2.0e5 1 9512(9506 9.5e3(2.3e5
2 210le-4 1 9512(9508) 2.4e4 1 9512(9506 9.2e3(2.1e5

2 The solutions finding time (ms) branched and explored with two buffer measure-
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streaming appllcatlon on NoC based MPSoCs.

@ The global scheduling for both processors computing and
communication flow control has been achieved.

© It shows higher predictable application throughput and with
minimized buffer cost.

Future work:

© Caused by the complexity of scheduling, we plan to combine
heuristics with our constraint based techniques, e.g., using heuristics
to explore the search tree.

@ To explore parallel search with multiple threads in Gecode on
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Thanks for your attention!

Questions?
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