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Dynamic Power Redistribution in Failure Prone CMPs

Paula Petrica Jonathan A. Winter David H. Albonesi

Computer Systems Laboratory Google, Inc. Computer Systems Laboratory
Cornell University Cornell University

Abstract power that can be better used elsewhere on the chip.

In this paper, we prese®owerTransfera novel multicore
chitecture that exploits both the pipeline imbalances that
ise due to deconfiguration of a faulty structure, and the de-
u9()nfiguration capability built-in to overprovisioned structures
}0 permit failover. PowerTransfer eliminates the power inef-
féiencies that arise due to hardware deconfiguration through

b d o 2 additional deconfiguration of hardware that is no longer effi-
novel CMP architecture thaynamically redistributethe chip cjenty ysed by the current running application. Because chips

Povl\{[er un_?er p_)l_iﬁelinehimbgl?nce_s that ariﬁ_e fro dmbdefonfigurlg erate within a maximum power limitation, the power saved
aulty units. 1hrough rebalancing — achieved by tlemporagy i particular area of the chip can transferredto another
symbiotic deconfiguratiof additional functionality within ortionpof the die that can achPeve a performance boost with
the degraded core — power is harnessed for use elsewher

i eta bl o o e oned B'added power. Our results demonstrate the potential for
e chip. This additional power is dynamically transterred 9 4o nerformance gains over designs that simply deconfigure
portions of the multi-core chip that can realize a performan

) : . ; Ity units without concern for the resulting imbalance and
boost from turning on previously dormant microarchitecturgle oo power efficiency.
features. We demonstrate that a realistic PowerTransfer man- '
ager achieves chip-wide performance improvements of up to )
25% compared to architectures that simply deconfigure fauBy PowerTransfer Architecture

units without regard to the resulting inefficiency.

Future chip multiprocessors (CMPs) will be capable of dg;
configuring faulty units in order to permit continued operay,
tion in the presence of wear-out failures. However, the
foreseen downside ipipeline imbalancedue to other por-
tions of the pipeline now being overprovisioned with respect
the deconfigured functionality. We propoBewerTransfera

Figure 1 shows an overview of the PowerTransfer system.
) During application execution, the four step cycle shown in
1 Introduction Figure 1 is repeated periodically as the hardware and software
: . - characteristics change. The PowerTransfer Runtime Manager
Future multicore microprocessors built in sub-32nm technol@str vy js informed of faulty units that are deconfigured. Dur-
gies will present major design challenges for computer arciiiy hrogram execution, the PTRM determines which symbi-
bectst. One senfus qotncerndls the ?qls5|b|l|t3agri:ng_defectshlo ic deconfigurations can save power with minimal perfor-
ue 1o various transistor and wiré faiiuré mechanisms whigihnce costs. The saved power is then used to boost perfor-

become more prominent with technology scaling [3]. Th&ance The simplest approach is to boost the performance of
possibility of wear-out failures and manufacturing defects jgo" stected core, but this might not be the best use of chip-

already forcing multicore architects to include the capability; ; ;
of deconfiguring various features that may become faulty, ﬁ(iie_ve%vgegén%%cgtegé I;)?v;/ﬁégggﬁ;‘grr];o&sﬁeerrs other possible
permit the system to operate in a degraded state in the event '

of a hard error. While the most obvious redundancy to exploit

in a multicore microprocessor is at the core level, with man[ rauLty uniT be-
failures possible over the lifetime of a product in the future -| CGONFIGURATION \
and some failures even present at product shipment [3] — t

trend is towards finer grain levels of redundancy that pernr /-; A s OF \

each core to operate in a degraded state. DECONFIGURATIONS
One issue that has not yet been addressed ipifialine

imbalancethat arises within a core with deconfigured func: ANALYSIS OF
tionality. A modern pipeline is highly tuned to create a gool FERFERMANGEBOOSTING
balance of hardware features within an individual stage, ai

from stage to stage. Similarly, memory hierarchies are car e

fully designed to be well-balanced in terms of bus and cact \ POWER TO ENABLE /
parameters at every level of the hierarchy. Deconfiguratic DORMANT FEATURES

of a full unit (such as an ALU) or part of a unit (such as a
way of a cache) may now make another unit tooberprovi-
sionedin terms of the extent of its features, but the degree of Figure 1: PowerTransfer system.
overprovisioning is application dependent and not obvious to

exploit. Thus, current fault-resilient microarchitectures simply . N . .
deconfigure the faulty unit and live with the resulting hardwarﬁ.In actuality, the situation is much more challenging than in
imbalance that may arise. this simple example as there may be faults in each core and

But for some applications, this imbalance may be seve%ﬁve”’“ possible performance boosting techniques from which
As we show later in Section 4, the loss of functionality dul®.choose on each core. Moreover, the effectiveness of symbi-
to a fault and subsequent deconfiguration can lead to sigridiic deconfiguration and performance boosting is application-

cant imbalance in some applications, while others see littie@Pendent, which implies that new decisions must be made at
no effect. For the former, eliminating the imbalance throu% e same time granularity as the Operating System scheduler
symbiotic deconfiguratioaf additional units saves significant!Me slice, which can be on the order of 100ms.
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2.1 Symbiotic Deconfiguration 2.2 Performance Boosting

We assume a baseline CMP that can detect the onset of a feree a margin of additional available power has been accumu-
manent failure, determine the faulty unit, and deconfigure tteged by exploiting both permanent unit deconfiguration (due
entire unit or some portion of the unit in order to keep the a fault) and symbiotic deconfiguration (for pipeline rebal-
affected core operational. The inherent redundancy of procaseing), this power is distributed among the chip components
sor structures permits partial deconfiguration of faulty units in order to boost performance. This is accomplished by tem-
order to ensure continued, albeit degraded, operation in gaarily enabling previously dormant hardware features within
presence of a permanent failure. the limits of the global power budget.

Processor pipelines are carefully tuned to create a good baBy definition, a performance boosting technique does not
ance of hardware features within an individual stage, and framprove performance for most applications; otherwise, the
stage to stage. Thus, the deconfiguration of a faulty unit magchnique would be built-in to the design by default. Rather,
lead to pipeline imbalances due to other fully functional partisese techniques improve what might be deeperflormance
of the processor now being overprovisioned with respect ¢orner casessnippets of particular applications. While the
the deconfigured units. If these overprovisioned units can ggeedup may be significant in these situations, in most cases,
accurately identified, then they can $gmbiotically deconfig- the power cost exceeds the performance gain such that the
ured or partially or entirely deconfigured even though they atechnique is not enabled by default.
fault-free, with little expected performance impact, and often In PowerTransfer, several boosting techniques are imple-
larger power savings. mented that collectively cover a range of performance corner

The physical process of symbiotically deconfiguring addiases such that there is ideally always some worthwhile boost-
tional hardware is straightforward; we can simply leverageg technique to engage given some harnessed power no matter
the deconfiguration capability built-in at design time for faulvhat mix of applications are running.
tolerance. The more challenging task is identifying hardwareWhile there are many potential approaches, we discuss three
pairs that have correlated performance and thus are good d¢anhniques that cover the spectrum of CPU, cache hierarchy,
didates for symbiotic deconfiguration in terms of performanead memory performance-bound applications.
loss versus power savings. In PowerTransfer, the front-end, )
integer and floating point back-ends, and the load/store udi2.1 Boosting CPU Performance: DVFS

are deconfigurable by horizontal slices through. the pipe””eRrwell-known technique for boosting CPU performance is to
|ane§'. For |n$tance, for a four'Way front-end with four Iane%ca|e up Vo|tage and frequency_ Microprocessors typ|ca||y
a hard error in one lane reduces the front-end to three-wayt|lude multiple frequency and voltage domains, and recent
This coarse-grain approach serves as a middle ground betwe@arch has shown the merits of separate domains for each
deconfiguring an entire core — for which the performance cqgjre [7, 9]. The most straightforward approach is to use the
is exceedingly high — and deconfiguring at fine granularitysaved power locally within the core with the faulty unit to
for which the built-in overhead for deconfiguration and iderympensate for the loss in IPC performance. Instead, Power-
tification of the faulty portion of the faulty unit is also verytransfer adds any locally saved power to the chip-wide pool of
high. . . . accumulated power for potential use in boosting other cores’
_ Figure 2 illustrates an example of symbiotic deconfigurgerformance. While this requires more complex chip-level
tion. A fault in a particular unit causes an entire lane — encoggwer management algorithms, a performance gain closer to
passing a horizontal slice through all the units within the sal global optimal can be found. For instance, it would be
region (FE, BE, or LSQ) — to be deconfigured. Symbiotic dghore worthwhile to boost the frequency and voltage of an-
configuration of the other two regions also occurs at Iane—le\@ﬁer core running a high IPC thread when the local core is
granularity. running a memory-bound thread.

BPred
|
| Decode/
FQ

Rename

2.2.2 Boosting Cache Hierarchy Performance:
Speculative Cache Access

For applications that are more limited by L1 cache misses, im-
provements in the access time of lower levels of the cache hier-
archy would be more beneficial than DVFS. Speculative cache
access can be a very effective means to boost performance at
reasonable cost.

L2 caches are typically accessed in sequence after L1
lookup. To do so otherwise would greatly increase power con-
sumption for relatively little overall performance gain. A per-
formance boosting technique that requires little added hard-
ware complexity is to speculatively send L1 requests to the L2
cache simultaneously in order to reduce the delay penalty in
case of an L1 miss. We expect good improvements for appli-
cations that miss in the L1 but hit in the L2.

The main drawback of this technique is the substantial ad-
ditional power requirement, which mainly comes from unnec-

. . ) . essarily accessing the L2 cache and amounts to increasing a
fault in fetch. The front-end lane associated with the fault iatter power consumption, we add a Load Miss Predictor, im-
initially disabled, and the PTRM symbiotically deconfigures plemented as a two-bit saturating counter that is updated with
_ L1 hit/miss information. This low-overhead predictor has lit-

lane of the back-end.
tle performance penalty yet reduces wasted L2 access power
by 90% on average.

we also include a sub-bank of the associated queues within a lane, eve\ similar cost-effective performance boosting technique is
though they are not technically part of the pipeline “width.” to access the L2 tags and data in parallel. Lower level caches

such as those in the Itanium Il and Alpha 21164 access the
21
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tag and data arrays in sequence due to power concerns. Gjven FrontEnd Branch Predictor: gshare + bimodal
additional harnessed power due to symbiotic deconfiguration, 64 entry RAS, 2KB BTB, 128 entry ROB
and an application that can achieve significant performance _ fetch/decode/rename/retire 4-wide
gains from parallel tag and data access, the L2 cache can beExecution Core Out-of-order, issue/execute 4-wide
switched into parallel mode. 80 Integer Registers, 80 FP Registers

32 entry Integer Queue, 24 entry FP Queue
2.2.3 Boosting Memory Performance: Clear 32 entry Load Queue, 16 entry Store Queuey

4 Integer ALUSs, 1 Integer Mult/Div Unit

Many speculative techniques have been proposed to boost the 1 FP ALU, 1 FP Mult/Div Unit
performance of memory-bound applications, but these nay Gn-chip Caches L1 ICache: 8KB, 2-way, 2 cycle access latend
come at a prohibitive power cost. When there is potential ben- L1 DCache: 8KB, 2-way, 2 cycle access latengy
efit (i.e., many long latency loads) and sufficient power has L2 Cache: 2MB, private, 8-way, 10 cycle latengy
been harnessed, we engage Clear mode [10]. In this made,  Memory 200 cycle latency
the registers are checkpointed, stores are buffered in the sfOb@erating Parameters 1V Vdd, 4.0 GHz frequency

gueue, loads are speculatively early retired, and the predicted : :
values are supplied to their destination registers. Through Table 1: Architectural parameters.
these mechanisms, dependency chains following a long la-

tency load complete early, and processor resources are fr ; ; g
for Use by non-dependent instructions. ﬁgfjrepeated for any given workload as this would tend to ac

Although Clear can significantly boost application perfoﬁegmei‘rt]er;g?ebtﬁgﬁfgr?ef ggrreapproach, but the same fault may
mance, power consumption may increase significantly due¥d :

the additional structures required to implement the mechanism

and the large boost in processor utilization it affords. 3.2 Symbiotic Deconfiguration
. The core is divided into three regions: Front End (FE), Back
2.3 PowerTransfer Runtime Manager End (BE) and Load Store Queue (LSQ), each of which has

ur lanes. The pipeline resources associated with each re-
jon are shown in Table 2. As an example, an error in one
the decoders disables an entire FE lane (one quarter of the
h/decode/rename/retire widths, Fetch Queue, and ROB).
BE and/or the LSQ are symbiotically deconfigured if the
er-performance tradeoff is attractive.

The PowerTransfer Runtime Manager (PTRM) receives inf
mation on deconfigured components with hard faults, det
mines what components should be symbiotically deconfigur
to save additional power, and allocates the harnessed pow!
boosting mechanisms on the different cores. In order to ad
to dynamic program behavior, the PTRM operates at a ti

granularity of tens to hundreds of milliseconds. [ FrontEnd | BackEnd [ Load Store Queud
Operation at this time granularity also allows the PTRM to Fetch Width | Issue Queues|  Load Queue

coordinate with the Global Power Manager (GPM). The GPM Fetch Queue ALUs Load Queue Ports

controls the frequencies and voltages of each core to main- Decode Width Select Store Queue

tain the chip-wide power budget. In order to address chip- Rename Width|  Wakeup | Store Queue Ports

wide power budget constraints, prior work has proposed coor- ROB Register Files

dinating power management decisions at a global level [7, 14]. Retire Width

The GPM acts as a fail-safe mechanism in instances where t%e - . . -

PTRM underestimates the additional power cost of enabling 4able 2: The pipeline regions and their affected structures.
performance boosting techique. Such overshoots occur only ) )

5% of the time in the sampling-based PTRM that we evalué®e3 Performance Boosting Techniques

In Section 4. We model three performance boosting techniques that cover

CPU, cache hierarchy, and memory-bound applications.
3 Methodology Boosting voltage and frequency:Similar to Intel's Turbo
. oost [15], we increase the operating voltage and frequency

In order to evaluate PowerTransfer we use a highly mﬁithinthe constraints of the overall power budget. We use four

ified version of the SESC [11] simulator augmented wi ;
Wattch [4], Cacti [13], and HotLeakage [16] to model bot o:ggg E}R%Tg%/qol“\'/egﬁlnlgygrlﬁeﬁgve the baseline frequency and

static and dynamic power consumption. We also modified theg

; ) peculative cache acces$Ve implement two techiques for
|S|mkulator to dynamically account for temperature dependefosiing cache hierarchy performance: performing L1 and L2
eakage power.

access in parallel, and performing L2 tag and data array access
in parallel. We augment the energy per read/write hit and miss
3.1 CMP Architecture, Workloads, and calculations in Cacti to reflect the difference between access-
Degraded Configurations ing the L2 tag and data sequentially or in parallel. We also
enhanced SESC to allow for dynamically changing the access
To ensure that the baseline processor core was appropriapeltern of the cache hierarchy, that is, to either send L1 and
sized, we performed an exhaustive design space study to t2+equests sequentially (only misses in L1 go to L2) or to
ate a balanced baseline core microarchitecture with the parameculatively send requests to the L1 caches to the L2 cache
eters shown in Table 1. Deconfiguring a portion of this basatthe same time. This technique complements the DVFS core
line design in the absence of a fault results in more than a 1@%osting technique in that it provides a much better perfor-
performance loss for multiple benchmarks. mance benefit / power cost ratio but only for a subset of the
We use this baseline to model a four-core CMP, each lsénchmarks. Many of these fall into the mid IPC category
which runs one of 13 SPEC CPU2000 benchmarks. We fafgir which boosting frequency and voltage has only a moderate
forward each benchmark five billion instructions and run fgrerformance improvement.
a total time of 100ms, the granularity at which we periodi- Clear: We augmented our simulator to correctly execute
cally engage PowerTransfer. We create 100 randomly choseigspath instructions and implemented Checkpointed Early
four-benchmark workloads that run on 100 four-core configuead Retirement [10]. We model a Prediction Queue of 48
rations, each with a random single fault chosen from the threstries, up to four checkpoints, and a checkpoint allocation
possible coarse-grain errors (FE, BE, LSQ). Benchmarks &eeshold of seven loads.
22



4 Results -
40%

4.1 Pipeline Imbalance and Symbiotic % |

Deconfiguration 2% |

We first evaluate the pipeline imbalance that may occur di ., |
to a fault and subsequent deconfiguration, as well as the | 1 |
ability of symbiotically deconfiguring additional functional- %1
ity to save power with little added performance cost. SYml| ™ .. wewse mess mgia amm  apsi vt caty paser vr  voriex bap2  goc
otic deconfiguration is effective if in the presence of a faul
the additional deconfiguration yields little additional perfor
mance loss relative to the added power savings; this indica
that the fault creates pipeline imbalance that, when correct .,
through symbiotic deconfiguration, permits significant powe «x
to be harnessed relative to the performance loss. joiod
We evaluate power harnessing opportunities within a d > |
graded core using coarse-grain deconfiguration as in Table 2% |

@ Clear [J SpeculativeCache mDVFS

25% T 5% |

0%
20% applu wupwise mesa mgrid ammp  apsi twolf  crafty parser  vpr vortex  bzip2 gce
15% @ Clear [ SpeculativeCache mDVFS
10% Figure 4: Performance improvement (top) and power con-
% sumption (bottom) for the performance boosting techniques.
% i percent power increase for the three techniques for each

& $© & & & & benchmark. No one technique is clearly superior across all
° f‘g & & i "fé &7 benchmarks. While Clear has the greatest performance benefit

[ 3LSQ, 4FE, 4BE 0 3LSQ, 3FE, 4BE for some benchmarks (applu, mgrid, twolf, bzip2), Speculative
Cache and DVFS are the best techniques for other benchmarks

e Pt e e T e e i 0w cominaio o prtonmancs

bars) o_lue to_ an initial fault in the LSQ and with symbioti oosting techniques to engage is workload dependent.

deconfiguration of a FE lane. The Power Performance Ratio (PPR), the ratio of the per-
. . cent power increase to percent performance gain (relative to

Figure 3 shows the performance loss and power savings paosting) is an effective metric for making this decision.
(due to gating the lane of the affected region) for an initial .fa'-'t;we smaller the PPR, the more efficiently the technique uses
in the Load Store Queue, as well as the effect of symbioticaliye"5ccumulated power. Even though Clear appears to be the
deconfiguring a lane in the Front End. The left bars show tig,st power hungry technique, its PPR is advantageous (aver-

performance loss while the right bars show the power savingge of 1) for our PowerTransfer system. On the other hand
The lower sections of the bars denote the performance cost 8-S has a high PPR relative to Speculative Cache and Clear.
power savings from deconfiguring one lane within the faultjerefore, as we show in the next section, DVFS largely serves

region, while the upper stacked sections show the effectsaé}% backup technique to the more effective Clear and Specu-
symbiotic deconfiguration. Similar results were obtained f@die Cache boosting approaches.

the Front End and the Back End.
We make two major observations from these results. First,
the initial deconfiguration due to the faulty unit yields signif4.3 PTRM Results

icant performance losses for some benchmarks, but also .ap-
preciable power savings in many cases. In most cases, [Recvaluate the PTRM, we assume that the power budget for
power/performance ratio is much less than two, indicating tHfy Particular benchmark-core combination is the total power
the unit is not overprovisioned to begin with. However, giv eglby ?satu?ﬁ”?ﬂmﬁk Orrrl]atQi?rglfr%re n\;vtr:ebﬁgse?c? t?]f f:f:lulljtrs_.
a fault, the power saved by deconfiguring the affected unit c CSI\(;IP ig theesum ofethe e o?gll ?:urrengt]ebecr)]chr%acr)ks
be used to boost performance by some other means, even . ; P ;

running on the cores in the absence of faults. This approach

out symbiotic deconfiguration. 2 >

Second, additional symbiotic deconfiguration can yield'@'&Zguéesfgtsotsoe°r;g’ﬂfgro‘%;rgp;%‘{f?gqaﬁlntsir{{%ﬂutgﬁ tei‘r{rr]‘_'
large power savings for a small additional performance lo vement pfr Fr)n hoosin d pow r¥n nagem r?tt h
(much greater than two to one), but for only a subset of tREPVEMENLS Irom choosing a good power managément tech-

benchmarks (e.g. for bzip2 but not for gcc). In other word gue. We evaluate our architecture with respect to the four-

large performance losses can be incurred by blindly deconfiel€ configuration with the initial random errors without ap-
uri%g gdditional units without regard for the )éharac%/eristics ing any performance boosting techniques.
the running application. On the other hand, judicious sy
biotic deconfiguration in cases of pipeline imbalance can
an effective means of harnessing additional power that canlbeorder to gain insight into the effectiveness of the differ-
used elsewhere. ent performance boosting techniques, the interactions between
symbiotic;: IdechJInfiguration Iargd”performance bhoosting, ar;d trzje
. . impact of locally versus globally managing the accumulate
4.2 Performance Boosting Techniques pO\FI)VGl’, we deve)I/oped a ngmber%f of'flingeJ P%WerTransfer man-

In this section, we evaluate the characteristics of the thra@ers. Given a set of initial deconfigurations (due to hard

power boosting techniques described in Section 3.3, and cdaults) and applications for the four cores, these managers have
pare them in terms of performance and power. a priori knowledge of the performance benefits and power

Figure 4 shows the percent performance improvementzgmﬁts for each possible symbiotic deconfiguration and perfor-

'Bé&l Understanding the Fundamental Tradeoffs



mance boosting possibility. We model this perfect knowleddpiotic deconfigurations made by the managers are highly ap-
by calculating the global BIPS for all combinations of symbplication and fault dependent. For example, out of the 100
otic deconfigurations and power boostings for the same 100imiial 4-core configurations (total of 400 cores), 140 of them
time quantum, and pick the configuration that maximizes tiesre randomly picked to have a Front End fault. In 98 of the
geometric mean of all the cores’ BIPS with respect to the badel0 cases the best decision is to symbiotically deconfigure the
line. It is important to note that the geometric mean acts Back End, in 20 cases the LSQ is deconfigured, and in 22 cases
both a performance and a fairness metric at the same time.symbiotic deconfiguration is performed. While there is of-
Thus we avoid penalizing low IPC applications to benefit higlan a bias towards the symbiotic deconfiguration of one region
IPC ones. over another depending on the initial fault, it is not a clear-cut
decision to engage symbiotic deconfiguration all the time.
Finally, we implemented an offline manager that decouples
1.30 i the symbiotic deconfiguration decision from the boosting de-
ey cision. The manager first accumulates the largest amount of
e power possible using only symbiotic deconfigurations with a
PPR of at least 2 (i.e., a minimum 2% power accumulation
i for a 1% performance loss). The manager then finds the com-
bination of boosting techniques that maximizes performance
within this accumulated power budget. We found that this de-
________ coupled offline manager achieved an average performance of
s R pT e PR 20.4%, which is very close to the 22.2% achieved by Global3.
The results from this section demonstrate that in order to
"""""""""""""""""""""""""""""""""""""""""""""""""""" reap the full benefits of PowerTransfer:

1.35
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| —+Global3 —Local3 - - - GlobalDVFS | e Symbiotic deconfiguration decisions must account for
) , ) the characteristics of the running applications; however,
Figure 5: Throughput improvement with only DVFS used  these decisions can be decoupied from the decisions of
globally (GlobalDVFS), all three techniques used locally (Lo-  which boosting techniques to engage;

cal3), and with all three boosting techniques used globally, Aemative CPU boosting techniques with a better PPR
(Global3). than DVFS should be included:;

: . . e Multiple performance boosting techniques should be im-
Figure 5 compares the improvement in throughput for 100 jemented to account for a range of application types:
four-core configurations with random initial errors for a man-

ager that globally employs only DVFS, one that globally em- e A global pool of power should be accumulated and dis-
ploys all three performance boosting techniques (DVFS, Spec- tributed to boosting techniques in a global fashion.
ulative Cache Access, and Clear), and one that locally employs _
all three techniques, i.e., any harnessed power from a coré¥&.2 Online PowerTransfer Management
only applied to boosting that core’s performance.

The results of Figure 5 confirm the intuition from Figure
that DVFS is not sufficient to reap the available performan
benefits. Rather, a number of techniques in combination :
necessary to boost different application classes. With all thrI @e;;Qg)%/losﬁr;ec&?:évgvgag?ﬁcéﬁﬁgfg, a?g%zu‘r’vggrsetsoir?rgglc%y
techniques, the chip-wide throughput is improved on average ;. S . 4 6Dio-wi
by 22.2%, while using DVFS as the sole boosting technig&@nfiguration, this results in a total number of 16@ip-wide
achieves only a 6.3% average increase in chip-wide throu\g{)ﬂbmatmns, which clearly indicates that runtime exhaustive

or the offline managers, each core can be configured in 160
ys: 4 deconfiguration decisions, 5 DVFS configurations
e of four DVFS levels or no frequency boosting), 4 ways

put. The individual Speculative Cache and Clear techniquegPloration of the spafce is impractical. In this section, V\k’)?
also fall far short, increasing chip-wide throughput by an aff€vis€ & Power Transfer Runtime Manager (PTRM) capable
erage of 9% and 13%, respectively. of making new decisions every OS time slice interval by sam-

We assess the benefit of accumulating a global pool ing the space in a pragmatic way based on the insights gained

ower and applying it to the best combination of chip-widom the offline analysis. . N
goosting tecﬁrﬁ)ié/uegs by comparing Global3 with Loc%ls in We identify a sequence of sampling steps that significantly
' \@duces the search space. The first step is to make a symbiotic

which each core makes local symbiotic deconfiguration a ; . >k . :
boosting decisions. The 10% average throughput impro configuration decision on each core by sampling deconfigur-

ment for Local3 is significantly less than the 22.2% averag alane in each of the two remaining pipeline regions in turn.

improvement achieved by accumulating and distributing tgecond, based on our previous observations, we only sample
power globally. boosting configurations, corresponding to the combination

of enabling Speculative Cache Access and Clear. Using this
information, the best chip-wide configuration that meets the

140 FE Errors power budget is chosen. The remaining power (if any) is dis-

GlobalDVFS Sivinle Ll tributed using DVFS across the cores in a greedy fashion: the
BEDeconf 63 98 66 frequency of the highest IPC core is boosted to its maximum
LsQDeconf 18 20 9 value, then the next highest IPC core, etc, until the power bud-
NoDeconf 59 22 65 get is exhausted.

Based on the need for only 10 samples, and our experimen-
Table 3: Symbiotic deconfiguration decisions given an initif&tion with different sampling sizes, we chose a sampling in-

: : : -.ferval of Ims within a 100ms time quantum. Note that it is pos-
error, the available boosting techniques, and whether deus@‘fﬁ’e that the configurations deemed best in the sampling phase

are made locally or globally for best configurations. would actually exceed the power budget in a 100ms quantum.

i . . .__To address this possibility, the GPM uses DVFS to reduce the

Table 3 shows the deconfiguration decisions as a functiory@iguency and voltage when the power budget might be ex-

the initial error, the available boosting techniques, and wheth@leded. “This only occurred in 5 out of the 100 runs and is
the decision is made locally or globally. Note that the symefiected in our performance results.
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To differentiate between the performance loss due to tbensider global power management in the presence of process
limited number of samples, and that due to the use of a li@giations and propose using linear optimization to efficiently
sample to infer the behavior of the full 200ms time quanturfind a near optimal allocation.
we also implemented a version of the online mana@a-(
lineExhaustivithat can sample all possible combinations C luSi
symbiotic deconfigurations and performance boosting withotit onclusions
cost. That is, we run all possible combinations for 1ms eagfiture CMPs built in highly-scaled technologies face the
and pick the best to run over the entire 100ms quantum.  prospect of having to deconfigure hardware units in the face of
_ Figure 6 shows the results. The OnlineExhaustive managgsinufacturing defects and aging-related faults. Such decon-
improves throughput on average by 17.3% compared to g%ration may lead to application-specific pipeline imbalances
22.2% improvement when decisions are made based on reduce the power-performance efficiency of the formerly
entire 100ms time quantum, indicating some loss due to fell-balanced pipeline. We propose a novel CMP microarchi-
1ms sampling interval. The PTRM achieves very close to Omcture, PowerTransfer, that dynamically identifies such im-
lineExhaustive (average of 15.3% compared to 17.3% over figances and rebalances the pipeline by proactively deconfig-
baseline), indicating a modest impact from decoupling symiiring additional units. Doing so in an application-specific way
otic deconfiguration from performance boosting. yields additional power savings at little performance cost. The

From these results, we conclude that a significant perf@farnessed power is used to improve chip-wide performance
mance improvement — as much as 25% over the baseline —gg@renabling previously dormant performance boosting tech-
be achieved with a PTRM that samples the deconfigurationdiues. We demonstrate that the use of a small number of
a logical fashion based on the insight obtained from the offlif@osting techniques enabled across the entire workload yields
analysis. up to a 25% performance improvement over simply deconfig-
uring the faulty units.
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