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ABSTRACT
Multiple clock cycles are needed to cross the global interconnects
for multi-gigahertz designs in nanometer technologies. For syn-
chronous designs, this requires retiming and pipelining on global
interconnects. In this paper, we present a practical solution for si-
multaneous retiming and multilevel global placement for perfor-
mance optimization, based on the theory and algorithms of sequen-
tial timing analysis (Seq-TA). We extend the Seq-TA to handle
gates/clusters with multiple outputs and integrate it into a multilevel
optimization framework for simultaneous retiming and placement.
We also develop two speed-up techniques which enable the Seq-TA
to be efficiently integrated into a simulated annealing-based multi-
level coarse placement for large-scale designs. Experimental re-
sults show that (i) retiming can improve the performance (delay)
by 14% on average when it is applied after placement; (ii) our ap-
proach for simultaneous retiming and placement can outperform
the two-step approach (placement followed by retiming) by 10%
on average in terms of delay minimization.

Categories and Subject Descriptors
B.7.2 [Hardware]: INTEGRATED CIRCUITS—Design Aids

General Terms
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1. INTRODUCTION
The International Technology Roadmap for Semiconductors

(ITRS’2002 update) [18] predicts that there will be over ten bil-
lion transistors integrated on a single chip with an on-chip local
clock frequency of 28GHz in the 22nm technology by 2016. It was
shown in [3] that even with the use of new interconnect materials
and aggressive interconnect optimization, the delay of a 2cm global
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interconnect still remains around 500ps. This implies that multi-
cycle communications over the long interconnects are required for
multi-gigahertz synchronous designs.

Retiming is a powerful sequential optimization technique used to
minimize the clock period (delay) or the number of flipflops (FFs)
by relocating the FFs (it changes the netlists) while preserving the
functionality of the circuits [11]. The potential of retiming over
the global interconnects needs to be considered during the global
placement stage, as the placement results define the interconnects.
Given a netlist of the circuit, the existing placement algorithms
place the gates and blocks so that certain objectives, e.g., wire-
length minimization, delay minimization, and routing congestion
minimization, can be achieved. They can not change the netlist of
the circuit. However, the benefit of considering retiming during
the placement stage is significant and can be easily illustrated by
the simple motivational example shown in Figure 1. A circuit G
shown in Figure 1(a) consists of two PIs, I1, I2, two POs, O1, O2,
four gates, a, b, c, d, and one flipflop F1. We assume that each
gate has delay of 1, and the interconnect delay between a PI (PO)
and a gate (FF) is zero. The interconnect delay between two gates
(FFs) is marked on the edge connecting them in the figure. Given
Placement 0 of G (shown in Figure 1(a)) with delay of 5, a timing-
driven placer will identify the critical path based on the static tim-
ing analysis and try to minimize the longest path, thus generate
Placement 1 (shown in Figure 1(b)) with delay of 4. After de-
lay minimization retiming is performed on Placement 1 (shown in
Figure 1(c)) by moving flipflop F1 from the fanin of gate a to its
fanouts, the longest path delay is unchanged. On the other hand,
if the placer is aware of retiming possibility along the path from
I1 → F1 → a → d → O2, it will identify critical paths in terms
of retiming potential and try to short them, thus generate Placement
2 (shown in Figure 1(d)) with path delay of 5. However, after re-
timing is applied on Placement 2 (shown in Figure 1(e)), the delay
can be further reduced to 3. This shows the necessity of consider-
ing retiming during the placement stage in order to hide long inter-
connect latency for performance optimization, because not all the
long interconnects are problematic. Only those long interconnects
which have to be crossed in a single clock cycle are problematic
and should be optimized during the placement stage. In the above
example, path pr = I2 → c → d → O2 has to be crossed in a
single clock cycle, while path p = I1 → F1 → a → d → O2

can be crossed in two clock cycles if retiming is applied. There-
fore path pr is a “bad” interconnect, while path p is not. Although
Placement 1 is better than Placement 2 in terms of delay before
retiming is performed, Placement 2 is better than Placement 1 in
terms of retiming possibility as it leads to better performance after
retiming. The critical path pr (“bad” interconnects) in the retimed
circuit is shortened in Placement 2, while the apparent critical path
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