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I. INTRODUCTION

Pipeline Area estimation (in NAND2)
Recently, technology trends have been leading to increasing _organization | Logic | Latch Total
transient and permanent faults. To address the problem, space Diasz ggggg gggé giégz 182-%) 100,054
. () . 0
redundancy such as dual modular redundancy (DMR) and +Superscalarl 64065 | 8670 || 72735 | 122.9% | 117.4%

triple modular redundancy (TMR) are commonly adopted for
fat;!tdetec_tloréand COI’I‘eC(thOI’I(.jAS mtroduc%d In paper [11, dus'rlgsue superscalar processor. Core Fusion [2] and Composable
a fine-grained space redundancy named Dynamic AdaptV . e

Redundant Architecture (DARA), only multiple faults underLI htweight Processors [3] are similar to our approach.

; S ) Fig. 1 gives an overview of the superscalar processor based
a single cycle may have the possibility to cause a real fallurgn DARA. For simplicity, only the EX stage is shown in this
However, there are also circumstances in which reliabili ‘

. . =S . tngure. One advantage of this incremental two-way mode is that
IS _not firstly pr_|or|t|zed._As an example, major parts of th does not require a large hardware extension. As shown in this
media processing algorithms can tolerate a smal.l error rateiiéhre. most resources like pipeline registers and ALUS can be
some frames while they usually lack c.)f Processing POWer {keq for superscalar execution. Moreover, the interconnections

II. DYNAMIC ADAPTIVE REDUNDANT ARCHITECTURE error detection in DMR can be reused under superscalar mode
as dependence check logic. Hardware augmentation specifi-

imV\I/:mdeist:a\gtinoendo?l;rspiggrrrggﬂﬁ?jaﬁghin;slgg Sﬁ)hceen;seorog aieﬂl required in superscalar mode is mainly in the control
P P y p %qzs like bypassing selection units. As an example, bold

Dynamic Adaptive Redundant Architecture (DARA) [1]. Ba-lines and gray-colored MUXs are newly employed for the

sically, DMR mode is the major working mode for soft erro\;orwarding data selection. In addition, read/write ports in the

resilient execution in DARA, with error detection and proper_ . ' : .
re-execution schemes. TMR mode can thereby be used 01{1 9|ster file will be doubled to support superscalar executions.

for the diagnostics of system health under the awareness of IV. EVALUATIONS
possible permanent failures. After addressing the permanentlyye evaluated the area increase to additionally support su-

de_fected _moc_jule_, the processor can fall back to the DMR mo‘ﬂ)%rscalar by an RTL implementation described in Verilog-
using valid pipeline modules. HDL. The implementation is synthesized by Synopsys Design
As shown in Figure 1, DARA employs a stage-level recoveryompiler under a 0.38n cell library. Table I lists the syn-

scheme by connecting pipeline modules together. The erfakgized results of some pipeline module configurations. The
detection logic is augmented in each pipeline module andsfls; configuration is a single pipeline without any reliability
detects the error by comparing pipeline register outputs of locgly performance enhancement supports, as base line. The
and neighbor pipelines. DARA utilizes a uni-direction linksecond configuration includes adaptive space redundancy mode
(@s the dashed lines in Fig.1) between pipelines to pass {iich is for reliability. The third configuration represents
comparison data, which may also be used for the performange nroposal in this paper which incrementally implements

enhancing purpose in this paper. superscalar mode that can achieve a high performance.
I1l. SUPERSCALARPROCESSORBASED ON DARA The evaluation results with benchmarks “gsort” and
: : . “8queen” show that the superscalar mode improves perfor-
In this section, we propose an incremental mode for DARfyance by 8.19% and 28.9%, respectively. As shown in Table |,
which can alternatively achieve better performance by usiagy7 404" area increase is required to implement superscalar

the existing duplicated hardware for fault toleration. Switching,yqe a5 compared to DARA. This increase will be alleviated
from DMR, the key idea is to make the pipeline moduleﬁé// in<:,luding caches.

cooperate with each other and thus construct a two-wa
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