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1 Constructive Timing Violation

It is the situation that wire delay in circuit deter-
mines clock frequency of a chip rather than gate de-
lay, with progress of semiconductor process technol-
ogy. Moreover, frequency of microprocessor continues
improving and it is becoming difficult to satisfy timing
constraints. Recently, we proposed Constructive Tim-
ing Violation (CTV) technique [1] in order to relax
timing constraints in nanometer scale design. It relies
on a fault-tolerant mechanism based on speculative ex-
ecution technique. If we provide some fault-tolerant
mechanism for timing faults, it is not necessary to keep
the constraints.

We explain our proposal using an adder. It is as-
sumed that currently the adder executes at clock fre-
quency of f, and it 1s expected that the clock is in-
creased by two times, that i1s 2f. First, the adder
is duplicated by three times. One adder, which we
call main adder, works at 2f and the remaining two
adders, which we call checker adders, work at f. Thus,
the checker adders are free from timing errors and are
used for verifying the operation of the main adder.
Since the clock signals of the checker adders are com-
plementary with each other, they work alternatively
to verify the main adder. The verification is based on
comparing two execution results from the main adder
and corresponding one of the checker adders. If they
do not match, a timing fault is detected. In such cases,
any recovery action should be initiated. In order to re-
vert processor state to a safe point where the error is
detected, we propose to utilize the recovery mecha-
nism used in modern microprocessors for speculative
execution. In other words, a timing fault of an instruc-
tion 1s regarded as a mispredicted branch instruction.
Thus, there are no hardware overhead in the recovery
mechanism.

2 Evaluation
In order to model the relationship between boosted

clock frequency and timing error rate, we designed
Carry Select Adder (CSLA). A similar evaluation on
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Carry Lookahead Adder has been done by other re-
search group [2]. We implemented our CSLA us-
ing Verilog-HDL and logic-synthesized it using De-
signCompiler. The synthesized CSLA includes esti-
mated gate and wire delay based on a standard ASIC
library. In order to perform logic simulation, we
made test vectors from functional simulation of SPEC
CINT2000 benchmark suit. We classified operations
regarding adders into four categories: add, sub, load,
and store. Figure 1 shows logic simulation results in
the case of 176.gcc, when we boosted processor clock
frequency by the order of 1.1 — 3.0. The horizontal line
indicates the frequency and the vertical line indicates
timing error rate. We can find that error rate is less
than 20% when clock frequency is two times faster
than that satisfies timing constraints due to critical
paths. In our preliminary evaluation, we have already
evaluated how timing violations affect processor per-
formance, and found that 30% of timing error rate did
not have severe impact on performance. Thus, proces-
sors may tolerate the measured 20% of error rate, and
it i1s confirmed that the CTV technique is effective
on boosting processor performance and on simplifying
timing design.
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Figure 1: Simulation results (gec)
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