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@ UltraSPARC Il Overview

.25 micron 6-layer metal process
330 mmA2

600 MHz

0W @ 1.8V

35 SPECIint95, 60 SPEC{p95

Code schedule and system software
compatible with UltraSPARC |, Il



s Pipeline Diagram

A P F B I J R
Register
File
Read

Front Fetch 1$ I$ Branch Instruction Juxta-
End Address Pre Fetch Fetch @ Target @ Queue position

E C M W X
Integer Integer D$  Memory .
Execute Execute | Access | !Result |RF Write | Extend

Floating
Point
and
Graphics




restore

D
)
-
&
D
X
LLJ
-
D

Unit (ASU)
® Pipelined predicate

execution

¢ Arithmetic/Special
® 7R3W port
Register File

® 4 integer issue




Floating Point/Graphics

¢sun  Execute

® 2instruction issue from: |nstruction Latency

¢ FPIgraphics add Instruction Latency

¢ FP/graphics mul/div/sqrt  EeEEMrerLr 4cycles

® Fu"y plpe"ned Graphic Multiply 4 cycles
FP/graphICS addlml." Single Double
FP Add 4 cycles 4 cycles

® Concurrent FP
div/sgrt unit

® 5 Read, 4 Write port
register file

FP Multiply 4 cycle 4cycle
FP Divide 17 cycle 20 cycle

FP Square Root 24 cycle 24 cycle



®un Memory Subsystem

Cache Latency Bandwidth

® |1 data cache: Ll1Data  2cycles 9.6 GB/s
64KB 4'Way associative L1 Prefetch 3 cycles 18.4 GB/s

® L1 prefetch cache: L1 Write  1cycles 13.6 GBI/s
2KB 4-way associative

® L1 write cache:
2KB 4-way associative

® L2 cache:
1-8 MB direct-mapped

¢ 8 entry RAW forwarding

On-chip me

i Cach

¢ On-chip memory —> ace
controller ll' PFW

Store Queue

L2 External 12 cycles 6.4 GB/s
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¢un  Prefetch Cache

® Concurrent fill and dual reads

¢ 8 outstanding software prefetches

¢ Autonomous hardware stride prefetch
® Fully coherent cache

6.4 GB/s \

64 \\ ( L2 Cache
Load 1 €— Fill Ve
A 2KB 4-way 26N

- \ M

Read 9.6 GB/s 64 byte line \ < F'”
Load 2 €—— 256 | 256 < 128
\ \
64 Ny )\‘ X Memory

2.4 GB/s



®sun Technoloc

® Wires
¢ Significant fraction of critical paths
® >] cycle to cross chip
® Heavy use of repeaters
® Architecture for technology scaling
® “Special” instructions
® Deep pipeline
® Reasonable width



®sun  System Scaling

® On-chip memory controller
¢ Bandwidth scales with added processors

® Low latency

On-chip snoop tags

“NO snoop” pages

15 outstanding transactions
Tagged transactions
SPARC V9 TSO compilant



¢ Application Scaling

® Increased frequency
® Lower instruction latency

® Higher instruction bandwidth

® Improved memory system
® Lower average memory latency
(in cycles!)
¢ Existing SPARC v9 binaries scale

® Consistent scheduling with
existing binaries



@ |ncreasing Performance

® Increase frequency
® Works for all programs (SPEC,
Oracle,
CAD, etc.) If memory systems scales
® Increase IPC

® Reduce execution time down to critical
dependency path

® More IPC requires speculation



@  |ncreasing Performance

T s R~
Frequency

1x

1x 1.3X 2.0x |1pPC



@5 Speculation

Static,
compiler

Dynamic,
hardware

+

More instructions
available

Convert control to
data dependencies

Dynamic trace
prediction

Dynamic memory
disambiguation

Static trace
prediction

Smaller
“window”




@ Summar

® Scales with technology

® Architecture and implementation attention to
wires

® Scales system performance
¢ On-chip memory controller
® On-chip snoop tags
® Scales 64-bit application performance
® Increased clock rate
¢ Static speculation
® Optimized memory system
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