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Abstract ~~~~~~~~~~~~~~~~~~ProcessorCore

An 8.6mW stream processor core for mobile applications -_ ____--------------- -------------

is implemented with 89m2area in 0.lI8um CMOS tech- ___If
nology at 50MHz. The adaptive multi-thread architecture --[7-7-
with configurable memor array and geome- R R

try-content-aware technique are proposed to reduce power KG
consumption while achieving 12.5Mvertices/s for 3D graph-
ics and motion estimation with search rangeIntuio
{H[-24,24),Vr-16,16], for CIF (352x288) 30fps video en- Led S
coding. (Keywords: stream processor, vertex shader, low e

power GPU, adaptive multi-thread, configurable memory
array and early-rejection-after-transformation) Fig. 1. Processor core architecture.

Introduction
Embedded multimedia functions of 3-D graphics and lav Th,Kv d

videocoding become a promising trend in mobile devices. It Th,-d T.hIK...IKK Conventional Multi-Thread[3]
isrequired to design a low-power and low-cost yetex proc- ,* V 1listh IF onEX

>- V2.lnsth IF ID KE
essor with enough processing speed L1][2][3]. From the sys- V3lInsth IF ID v3

VO.lnstl(TxLoad) IFEXEv DEvE EXE EK EEK EXE wB
tem point of view, if the graphics and video coding engines V.nt(xod FI X X X X X X

V1Ilnstl(TxLoad) I F IDEK EXE EKE EXE ~EXE EXE KVXcnbe integrated asasingle processor wiesharing the V32lnstl(TxLoad) IF ID EKEEE EXE EXE EXE ~E EXE

hardware resource, notonly the chip area ca be reduced, but '-b.VO.lnst2 IF IDK COP CP NOP E 0Khardware resource,notonly the chip area can be reduced, but Adaptive MultAaptivei-ThreadrewithiDatataForwardingalso the hardware utilization can be further improved. VD.lnst IF EKE
-VhlInstl(TxILoad) F v EK K K vvv 0

In this work, we have developed. a stream processor [4] for (jV1InstO EKE EKEEKEEK
both graphics and video coding applications with low power V2lvI stO IF ID EKE 0EK
consumption and high hardware utilization. This design is V3lnt IF ID EKE VK K]KEEE
the first reported. chip using a unified architecture to suppof VhlInst2 IF ID

full Vertex Shader 3.0 model [5] and video encoding features. Fig. 2. Adaptive multi-thrcad schedule.
For this chip, three key techniques, adaptive multi-thread
(AMT) architecture, configurable memor array (CMA) and alleviate the data access of the register files form the
early-rejection-after-transformation (ERAT), are proposed to dapthoreueheowrcnmti.Tedvlpd

effchiencylo Itwe achievsumtio,heiroesinperomnead ofg AMT technique efficiently uses the minimum threads to pro-effiMvenices/fortgaphicvs apeplicatiosiand suppodsoful vide the maximum hidden latency ability. It is shown in Fig.searchert(es)smotio estiathion (ME)ica fors CIF (352x288)ul 2 that when comparing the AMT technique with the conven-
seafps video codiong etmto(M)frCF35x8 tional multi-thread techniques 13], fewer pipeline bubbles are30fps videocoding. ~~~~~~~introduced and the efficiency of the processor is increased.

Processor Architecture Configurable Memory Array
Fig. I shows the proposed hardware architecture. It is Memory bandwidth plays an important factor in power

based on 2-issue VLIW architecture with SIMD instruction limited mobile devices. Our proposed stream processor
in each slot. When operated in 50MHz, it achieves the per- adopts both the cache and tightly couple memory mecha-
formance of 400MFLOPS with two 4-channel floating-point nsst eraeterqie eoybnwdhfrdf
operations executed simultaneously for transforming 12.5M frnssto deplcratose Ithearequiredememory60bandwidth fradif
vertices/s and the floating-point datapath can be configured ferntsappliceatins.widthcandachievesalmos 600e ofch htlirate
to fixed-point datapth to provide the processing capabilit of andticsav thenbandwidthiandMprocessinghpoweruof duplicate
800MOPS for the proposed. video encoding acceleration in- vetcsWhnpromgME urahicuespos
struction sets. The CMIA can be reconfigured as different lvlCdt es cee[]t ae8%mmr ad

kinds of register files in the stream processor. In order to width. As shown in Fig. 3(a), the CMA with 4-channel and
supponrt variousc powelr optimi-zation techiniques- in graphi;'cs 8-bank accessing abilit serves as a physical on-chip mem-



loaded in to the constant register files and the current macro Channel 0 Channell1 Channel 2 Channel 3

block data is treated as the input stream. Crean-Ba
Early-Rejection-After-Transformation

In the graphic pipeline, the yertex processor performs BKOB Ki BK2 BK3 BK4 BK5 BK6 K

shading operations on ever vertex. After sending the yerti- (a)
ces to the rendering stage, many primitives will be found to
be invisible on the screen by the render processor, which B1B2B3 Shan
implies that a lot of processing power has been wasted in the CeentchRntngents

Ceonst Const Const Oetxecesdfovertex processor. A geometry-content-aware techniqueCosCntOtx Ox
MatchingCan

called early-rejection-after-transformation (BRAT) is devel- Ce_TeTntl Poeitit Aurn Bltki
Censt Const Ovxn Aeccesea r om

oped to reduce the power consumption and increase the per- Ce Cet T2K43 BT7_BK6nnBK7
formance by rejecting redundant triangles after the transformTO4 TOl T-5 -i BKB5B6B7

stage. A dedicated module is designed to detect and reject Vtx CA Vtx Vte
the redundant triangles belonging to the three types shown in VTOT VOVT VTaT TVT
Fig. 4. The work is also the first repoted yetex processor e ithreds 4thteads 60threddhed

w tith with withembedded with the content-aware technique, which could 4 ntribute B nattiue B attriuehattrbue
reduce the power at least 2000 when performing realistic (b) (c)
lighting programs.

Fig. 3. Data organization in configurable memory array.
Implementation

This work is implemented. using TSMC Ol18um IP6M ------

process with 8.91,M,M2 at 50 MHz. The chip features and (erteigtradfrm CMA) Early Rejection Canes
VreVetx Vertex Verten Vertex

micrograph are shown in Fig. 5. The measured. power con- ThreadO Threadl Thread2 Thread3 ....Thread7 Outside Rejection

sumption is 8.6mW. Fig. 6(a) shows the results of power
reduction when perform phong shading model. It shows that Vertex n

Vertex Cache Tag Processor A Back Face
when all the three proposed key techniques are employed, Trans. Tag Care 5ejection
860o of the power consumption of the VLIW SIMD archi- Lighted Tag Shader Program
tecture with gated clock can be reduced. Performance index HtTgTranstorm Stage aont Face

Inden Valid Tagof Mvertices/s per mW is used to evaluation the power effi- In Idn Lighting and Zero RejectionnIdxTag Teature Stage
ciency using the peak performance and power, and it shows
that 1.82 times improvement can be achieved when com-
pared with the state-of-the-ar yertex processor [3] in Fig. Early Rejectinn After Transtnrmatian Mdl
6(b).

Conclusion Fig. 4. Block diagram of early rejection after transformation.

This paper presents an 8.6mW stream processor core with
the processing capabilit of 12.5Mvertices/s for graphics _______________
applications, and. it can suppor ME for CIF 30fps video Process Technalogy TSMC BiBum CMOS P6

91MM2 ~~~~~~~~~ChipSize 2.7mm xS.3 mm
coding. The core area is only 8,91m2to achieve both the Supply Voltage 1.8V
demands of graphics and video encoding functions for mo- Clack Frequency 55MHz

bile multimedia apliaton.moer Consumption (-B.6 mmapp ications. ~~~~~~~~~~~~~~~~~~~~OpenGLES 2.0 Support
Features Shader Model 3.0
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