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Embedded Debug/Performance Monitoring Engine (EDPME)

Performance
Counting 
Module (PCM)

ARM
Versatile
Platform 

Baseboard for 
ARM926EJ-S

AHB 
InterfaceArbiter 

Master
Port

Slave
Port

Decoder

AHB
Bus 

Tracer

On-chip Bus 
(AMBA AHB)

AHB 
Protocol 
Checker 

Bus 
performance 

counter
Trace

memory

GE performance 
counter

RE performance 
counter

Geometry
Engine 
(GE)

Rendering
Engine 
(RE)

2



IEEE/ACM ASP‐DAC’09@Yokohama, Japan, Jan 19‐22 20093

•Red – Data-requested In
•Blue – Results Output
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3D Graphics Engine
Geometry

Engine 
(GE)

Rendering
Engine 
(RE)

• GE
• cycles, triangles, reads, TD 
reads/writes, TD memory space

• RE
• cycles, reads/writes, pre/post-
fragment pixels, processed 
triangles 

• On-chip bus
• busy/idle/conflict counts, 
masters’ busy/wait/data counts
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3DG Chips Imai et al.
ISSCC2004

Sohn et al.
ISSCC2005

Kim et al.
IEEE JSSC2006

Kim et al.
ISSCC2007

Nam et al.
ISSCC2007 Our Design

Triangle rate
(Mvertices/s)

4.7
(parallel 

projection)

3.6 
(full 

pipeline 
with 

lighting)

7.55 
(single 

specular
lighting)
(5.45)+

NA

141 
(peak for model 
transform, no 
lighting perf. 

available)

8.69
(full pipeline 
with lighting)

Pixels rate
(Mpixels/s)

150
(bilinear) 50 166 (120)+ NA 50 278

Tixel rate
(Mtexels/s) 600 200 1300 (939)+ 400 200 278

Chip Area
(mm2)

75.43
(25.5025 for 

3DG IP)

36
(core 23.04)

49.7
(19.4 for 3DG) 
(95.3/37.2)+

25 17.2
15.68

(11 for 3DG 
Engine)

Power (mW) 109.5 155 407
(780)+ 379 52.4 472.6

Frequency
(Mhz) 75

50-200/
12.5-50 
(VS/RE)

166/333 
(3DG/RISC) 
(120/240)+

50
89-200
(RISC,VS)

20-50 (RE)
139

Silicon proc. 
(μm) 0.18 0.18

0.13 
(Normalized 

to 0.18)+
0.18 0.18 0.18

Special features 3D Vision
Dynamic Volt.  
Freq. Scaling

(DVFS)

Embedded 
debug /perf. 
Monitoring
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We develop a tile-based 3DG SoC and its related 
development tools.
• In hardware design
。Has better (compared with previous works) performances in the 

vertex rate and pixel rate, and is the smallest in hardware size.

• Special features
。On-chip bus integration
。Real-time profiling
。Debugging
。Performance measurement/tuning

Future Work
• Further improve power consumption and texture 

performance
• Upgrade to OpenGL ES 2.0
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