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3G Mobile Terminals

Wireless Multimedia Center  Requirements

— Low power
(< 200mW)

— High performance
(>1Mvertices/s)

— Variable
Applications

(Programmabillity)
— Low cost (<5%)

e Fixed-point multimedia co-processor
— Low power consumption in ARM-10 architecture
— Programmabillity with SIMD vertex shading
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Programmability in Graphics Hardware

Traditional Programmable
Graphics Pipeline  Graphics Pipeline

User-defined
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Texture Texture
Mapping Mapping
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Co-processor Architecture

e 128-bit 4-way SIMD ARM-10 Co-processor
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Dual Operations

« Two operating states

— Tightly coupled
co-processor (TCC) }
« Normal co-processor
e General SIMD instructions i

« Handshaking with ARM-10

— Parallel processor (PP)
 Independent processor
« Graphics instructions
« Parallel operations with ARM-10

ESSCIRC 2005

|

Ju-Ho Sohn

ARM-10 Co-processor
ARM Inst .1
SIMD Inst.2
ARM Inst. 3
SIMD Inst. 4
ARM-10 Co-processor
ARM Vertex
Program 1 Program
ARM
Program 2

6



Processor State Control

VPCTRL | 2kB Code

Memory
VPenI lCPbusy Graphics
INSTR
- (PP INSTR
coproc| e *l < |iInsTR DEC Datapath
ARM-10 /E (TCC) S o CTRL Signals
/fState
vPen > Control
Reg. (SGR)

« Enhanced co-processor I/F for PP state
— VPCTRL with 2kB code memory

— Share all HW blocks with TCC state
— Drive CPBusy for synchronization
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Programmable Vertex Shader

Shader instruction extensions in PP state

— Source swizzling and write masks

VGR2 = VGRO + VGR1 == \/GR2.xyzw = VGRO + VGR.xyzw
(TCC state) (PP state)

— More operands
VGR2 = VGRO + VGR1 == \/OR2.xyzw = VIR0 + MEM[1]

(TCC state) (PP state)
Parallelism for streaming graphics data
Ilf/lxetrircr)]rayl (1st Vertex Ian VertexJ

Transferl Transferl Hid?rzﬁtsefrer:agyrgleer:ory

1st Vertex [ 2nd Vertex
S ( INIT. I Fetch I Fetch J

Shading Shm\

1st Vertex | 2nd Vertex
Co-processor (Processm Processng ¢ ¢
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Fixed-point Processing
. Low Power Features (1)

e Fixed-point number representation

b {01}

(ex) Q4.4 format

Bitindex Db, by Dby b, b, b, Db, b,
Value 23 | 22 | 2t | 20 | 21| 22| 23 | 2
< l\ >
o Fraction point
| sign | m-bit integer | n-bit fraction part |

e Energy efficiency Consumption

part

Power

— 40% less energy
than floating-point
on avg. in 3D graphics
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Instruction-wise Clock Gating
. Low Power Features (2)

 SIMD RF and datapath are the most

power-consuming parts
— Activation in instruction-by-instruction basis

e Clock-off
Multimedia !
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Clock ',' SIMD
Source - i R Fil
—— . , eg. Files
T (e ) DD
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ARM-10 —>C°|ﬁ:roc a,lf » Reg. —¢ Fixed-point
| S SIMD
i » Latch Q-r>§| Datapath
/ E “
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Ju-Ho Sohn

ESSCIRC 2005

10



SIMD Datapath : ALU

* Single-cycle integer and fixed-point op.
— Arithmetic, logic, shuffle, packing, alignment
— SW floating-point emulation (80Mflops peak)
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SIMD Datapath: Multiply

* 4-cycle matrix transformation

Broadcasted Vector Elements

|
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SIMD Datapath: Special Function Unit

e Calculate RCP (1/x) and RSQ (1/sgrt(x))

— Fixed-point input = Fixed-point output
— No additional data type conversion circuits

For OQm.n Fixed-point Format

Normalized Input

Fixed-point Count ¥
Input_,1 Leading

Zero Pre-scale Radix-4
Value Integer

- DIV

Quotient

1.0 »  SQRT

in Qm.n SHIFT Remainde’r Q

* Scale up fixed-point dividend to 64b space

1]

Carry
Propagate |
Adder

PR
-
PR
e

OP Pre-scale Value
RCP # of Leading Zero
RSQ n/2 + # of Leading Zero
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Integration into a Mobile Graphics

Prmr

A g e wn # + 0.18um CMOS

“ Ll — 1P6M
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S .+ 10.2 mm?
il -4 ikimedis LR — Full chip (36 mm?)
‘::ocessﬂ:brr | Eae e 754 mW
iR | _ Full chip (155mW)
3D performance

e AL — 50Mvertiecs/s
b Y L ES (Parallel projection)

— 3.6Mvertices/s
(Full 3-D geometry)
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System Evaluation Board
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Conclusion

« Low power multimedia co-processor for
3G wireless terminals
— Programmable SIMD vertex shader

 ARM-10 co-processor architecture
 Flexibility for various multimedia applications

— Low power features
« Energy-efficient fixed-point SIMD datapath
* Instruction-wise clock gating

— High performance
« 50Mvertices/s for parallel projection

e <75.4mW, 10.2 mm?

— Integrated into the mobile graphics processor
— Successfully demonstrated on evaluation board
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