An optimization flow for high-
AT performance designs with single-clock
e NS mixed-polarity latches and flip-flops

WHAT YOU ARE, TAKES YOU FAR

Filippo Minnella
Supervisor: Prof. Luciano Lavagno

Research context and motivation Adopted methodologies

» Sequential circuits use Flip-Flops or Latches for data storage. Latches can be used in| |+ A two-step implementation flow is used to obtain a working i 7 [swteperes [ Bimng

36th Cycle

error-resilient applications, work at lower supply voltages, reduce power consumption and | | layout for an optimized version of the flip-flop based =
can increase operating frequency; netlist. This flow is fully based on commercial EDA

* The actual techniques to transform Flip-Flop based circuits in Latch based ones are| |tools and exploits useful skew both to obtain baseline
mainly characterized by pulsed latches, which use small duty cycles produced with| |circuits and to produce our own results.

Synthesis

specific cells, or by different clocks, that differ in terms of duty cycle and phase; To perform the experiments needed to validate this flow,
 The pulsed latches techniques rely on pulse generators that take as input the clock that| |we use Design Compiler from Synopsys for synthesis .
should be fed to the sequential element and modify it to reduce the duty cycle; and Innovus from Cadence for placement and routing and i“'}
» The multiple clock-based techniques need different clocks which must be generated and | |to extract timinginfe. ? """"
fed to the circuit; e
« Both need specific hardware which causes area overhead and could be difficult o | T
implement, especially in the case of pulsed latches; * Agraph-based data representation with several B

edge attributes is extracted from the PTL-based

. post-layout netlist to represent timing and
Addressed research qUEStIOHS/ prOblemS positional data. The solution to the NTL allocation
problem is the optimal set of edges which can
produce a bipartition of the input circuit graph with
respect to the quantity of sequential resources added
to the circuit and the timing constraints.

Problems:

« Latch-based methods to increase operating frequency, such as time borrowing, rely on
tight hold constraints that are difficult to satisfy using traditional backend optimizations,
such as clock skew and retiming;

* The latch-based circuits use multiple clocks or pulse generators which cause area
overhead and have a difficult implementation flow;

« The state-of-the-art approaches are evaluated only on a limited set of benchmarks

Algorithm 2 Integer linear programming (ILP") Model
«  We use an ILP formulation with an area ey Y
i iant i mina-ori 2 Ered + SPG(E)
oriented objective function and timing-oriented ~ * = D07, o T ATTR)

constraints. The solution is the set of edges b SPp  SPG(ATTR)

running at a reduced set of frequencies; | | | corresponding to the NTL allocation. minimize 3 fy(e:57. ) )
* Most of j[he proposed technlqugs are evaluateq only at synthesis level without analyzing Post-layout timing data are used as input to the whjcct o Ve ¢ B fy(e, DEp, X) = 0 5
thetlpossmle drawbacks of physical implementation; ILP model. Incremental placement and Ve Eﬁmd,,fgfe_ugﬂl,x; <PERC-T  (6)

: . . . = .'n::. f-': .]Pt, £ : .-1‘..
Questions: routing are performed to obtain the final layout. e D =

* Is it possible to obtain a single-clock methodology able to cope with the tight hold
constraints generated by latch-based circuits?
« Is it possible to keep a large duty cycle in order to exploit the full potential of time

) , il i 1 cireuit perf . » Avalidation of our algorithm on circuits from different benchmarks (CEP, ISCAS89,
orrowing, while increasing circuit performance

ITC99) is used to evaluate the post-layout frequency improvement. To evaluate the
performance improvement and the area overhead, we tested the algorithm on the same

NOVG' contributions circuits at different frequencies. CESIGN NANE @ 12 © st @ 165 © 3417 © 55t © shr
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 Mix & Latch is a conversion algorithm for Flip-Flops based netlists that is able to acs_192 A 033 | 92| 0 9153 229 530 o o S R B
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increase the operating frequency of synchronous digital circuits, using a single clock- dess 0c 100 | 19| w1 166 19 ) MDA P

tree and a mixed distribution of Positive-Negative Edge-Triggered Flops s oes  oss| 1275 | 3 1200 m o4

(PETF/NETF) and Positive-Negative Level-Transparent Latches (PTL/NTL); oo vse  oer| 10t | w02 oma 2en 96 0
« The distribution of the sequential elements is obtained through the analysis of a PTL- _ Femmen/mom

based layout and of the critical paths, in terms of hold violations, and selecting the set of
edges where to place the group of NTLs able to delay short paths. Given the position of m
the elements, it is possible to merge them into NETF/PETF.

« Extend the benchmarks in order to validate our techniques on other circuit topologies;
B T L T e T o sy . S K. O i ceisoiem S S * Reformulate the ILP as max-flow min-cut problem in order to improve algorithm scalability
— " — — " " — " | T — " with respect to the size of the circuits;
e e ) R P S v 12 3 R S e M ) e P  Understand the performance of the algorithm against retiming methods offered by
1| —@er—— = S RSSCT N L | @ commercial tools or using our technique in addition to them;
I il Y S M, u@}:ﬁ_r)m 1 e[y S SRP * Fine-tuning algorithm hyperparameters to improve the results of the heuristics;
| - Lz RS v e | - Lz  Analyze the impact on the circuit power-consumption;

* Implement a modified version of the algorithm for FPGA platforms;

 Study the DFT methodologies that can be used for the newly generated circuits;
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