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Real-time complex media applications are becoming in- and ray tracing).
creasingly common on general-purpose systems such a ) P o
desktop, laptop, and handheld computers. General—purpos%zzPALWPi;[hEgirggviflflﬁi'gr?;re)(pl%t‘?;rr:n%ILpr’n-gégl’ ?;1%
systems are becoming more popular for these applications y prog 9

: I . “hardware.
because of the growing realization that programmability T .
is important for this application domain as well, due to Our second broad contribution is a complete architecture,

a wide range of multimedia standards and proprietary so- called ALP, that effectively supportdl levels ofparallelism

lutions. However, such applications demand high perfor- described above in an energy-efficient way, usingiu-

mance and energy efficiency from general purpose proces-t'onary programming model and hardware. Based on resuls

- : : ; -~ from our prior work and commercial processors like Power5
sors, especially in the mobile systems where media applica- . >
tions have become popular. This work seeks to develop aALP uses a conventional CMP/SMT substrate (CMP with

general-purpose architecture that can meet the perforenanc SUPerscalar SMT_cor(Tsélt'\c/)lsufpport ThP and ILP. ’]/:\LP allso
demands of future media applications in an energy-efficient letpPpo_lr_ths CI?nventlor;fl i ALP or sm{:; amounisfo ls'm' ar
way, while also continuing to work well on other common amo.untseofegLrllot\;lero{l ”;] a tecﬁn;nulesvig%%%;(e%rvgger
workloads for desktop, laptop, and handheld systems. tors andstreams 9 q

Fortunately, most media applications have a lot of par- The program'ming model for indexed vectors and streams
allelism that can be exploited for energy-efficient high-

erformance desians. The conventional wisdom has beenIies between SIMD and conventional vectors/streams. In-
P : SIgns. dexed vectors exploit the regular data access patternarthat
that this parallelism is in the form of large amounts of data-

. .~ the hallmark of DLP by providing support for conventional
level parallelism (DLP). Much of the recent effort for media o . memory instructions. They differ from a conventional
applications therefore has been on architectures thagttarg

such DLP in various ways: e.g., Imagine, VIRAM, SCALE, vector implementation in that computation on indexed vec-

oo . : tor data is performed by conventional SIMD instructions.
Ec?v\\//\(/a'v,;/lroztrgTaﬁnltlatglgsi\éal)unagrc‘)nnasll ?(ngfse ?Vﬁzge;:’gr:assﬁach architectural vector register is associated with an in
X ' argely ) ' ternal hardware register that indicates the “current” eleimn
ily computed in real-time on today’s general-purpose pro-

cessors (e.g., speech codecs such as adpem, color conversioOf the vector. A SIMD instruction specifying a vector reg-
g, SPeeC] . pem, : Ister as an operand accesses and auto-increments thetcurren
such as rgh2cmyk, filters such as fir, and autocorrelation.).

Our work examines significantly more complex applica- element of that register. Thus, a loop containing a SIMD
tions — high quality DVD resolution MPEG encode and de- instruction accessing (indexed) vector register VO masche

code, speech and face recognition, and ray tracing. (All but through VO, much like a vector instruction. Indexed streams

MPEG decod : ble t i i ¢ are similar to indexed vectors — the main difference is that
ecode are not possible to compute in real-time to- they may have unbounded length.

day on general-purpose processors.) We find that although Our choice of supporting vector/streatata without sup-

itgeorf?eli airll?érc;f zlr_sl:;ljn \E\t‘iﬁfzcsimpfx a?phcatlo?s, fth|s ?LIID porting vector/strearnomputation exploits a significant part
; P Stgnificant amount of CONMIoL. - ¢ vy o "hanefits of vectors and streams on modern systems,
This control-based complexity arises both from the '”h?r' but without need for dedicated vector/stream compute units
ently complex nature of the tasks performed and through in- g cisically, ALP largely exploits existing storage andedat
creasmgly intelligent decisions for improving perfornsen paths in conventional superscalar systems and does not need
This work makes two broad contributions. any new special-purpose structures. ALP reconfigures part

(1) A study of parallelism in complex media applications. ¢ the |1 data cache to provide an indexed vector (or stream)
First, we make the case that contemporary media app"ca'register file when needed.

tions require energy-efficient support for multiple typés o Rejative to a single-thread superscalar without SIMD,
parallelism including ILP, TLP, and multiple forms of DLP o qur application suite, ALP achieves aggregate speedups
such as sub-word SIMDSIMD), vectors, streams, and vec-  grom 5x to 58X, energy reduction from 1.5X to 15X, and
tors and streams of short vectors. _ o energy-delay product (EDP) reduction of 7.3X to 873X.
Specifically, the forms of DLP seen in our applications These results include benefits from a 4-way CMP, 2-way
vary in (i) the amount of parallelism available and (ii) in  g\T, SIMD, and indexed vectors/streams. Our detailed re-
the similarity of the work that needs to be done on each gyjts show significant benefits from each of these mecha-
data element. The applications we analyzed require manynisms. Specifically, for applications with DLP, adding in-
forms of data-level parallelism like sub-words, vectors, 0 gexed vector/stream support to a system with all the other
streams. Furthermore, for significant parts of severaliappl onhancements in ALP achieves speedups of 1.15X to 3.24X,

cat!qns, ILP an.d TLP were the only p.rac.tical forms of ex- energy savings of 1.1X to 2.0X, and an EDP improvement
ploiting parallelism (e.g., Huffman coding in MPEG encode f 1 24X to 6.5X (harmonic mean of 2X).
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