Museum (this Wednesday)
No class "next™ Wednesday
Data center visit on the 24th (more details to come)

Midterm |l May 31st

2 more class days :(



GPUSs
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wyparallel printer port :)

Characters and raster mode
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Using Modern Graphics Architectures for General-Purpose Computing:

Winter 2002, published Fall 2002

Chris J. Thompson
Department of Computer Science and Engineering

{cthomp, syhahn, oskin}@cs.washington.edu

A Framework and Analysis
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Sahngyun Hahn Mark Oskin
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Run time (ogarithmic)
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Input vaclor size

Table 3. The vertex program instruction set.

Opcode Descripﬁ-nn

ARL Address register load
MOV Mave

MUL Multiply

ADD Add

SUBR Subtract

MAD Multiply and add

ABS

Absolute value

RCP
RCC
RSQ

Reciprocal
Recipocal (clamped)
Reeiprocal sguame root

DP3
DP4
DPH

3-component dot product
4.component dot product
Hamogenous dot product

DST
MIN
MAX

Cartesian distance
Minimum
Maximum

SLT

Set on less than

SGE

Sel on greater'equal than

EXP
LOG
LIT

Exponential base 2
Logarithm base 2
Light coefMicient formula

| Generate geometry Vertex progr @
LY Transform geometry

Clip to viewport
Q; Perform lighting Pixel programs
Apply textures
Draw pixels |

Rasterize geometry

@»I

Figure 2. A programmable graphics pipeline.
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GFXBENCH GL: OFFSCREEN B T Rex D
Frames per second (higher is better) B 1 xchattan HO
| iPad Pro

iPad Air2
iPad Mini 4
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Surface Pro 4

Intel HD 520

2015 MacBook
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NoC Die Overview
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I/0O Area

Tile

Tile Transistors 1.2 M Transgisiors Process Technology | 65nm CNMOS

lNle Area 3mm2 (1. Smmx 2mm) Interconnect I polv, ¥ meizl{Cu)

Router | ransistors 210k Transistors | ransistors 100 M | ransisters

Router Area 0.34mm2 Die Area 275mm2 (12.64mm x 21.72mm)

C4 bumps 8390

Package 1248 pin LGA. 14 layers, 243 signal pins

Capynght (¢) 2007 Hireshige Goto All rights reserved.
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What are the key enabling
technologies behind GPUs?

 Programmable pipeline
o Abstract ISA / API
e |t's all about the memory
e High bandwidth PCle is key for GPGPU
« Why can they use SIMD?
e |t is data parallel computation
» the control flow is largely the same

 Need a lot of parallel tasks



Figure 3: GCN Compute Unit
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Figure 4: Local Data Share (LDS)

Vector Op LDS Instruction Decode

Decode Pre Op/VecOp Return Data
SIMD 0/1
= eumescx L — umevc T

> Input Buffering and Request Selection (1/2 wavefront per clock)

ll IRRIRIR R RIR R R R R R R RIRIRIRRIRIRIR]

Input Address Cross Bar
B O e L e R R

Memory Banks (64KB total)

Conflict
Detection

& Y EE E R EE E R EE EE E R EE EE EE EE E R EE Y BN
d B

Scheduling

*<=»

I I I | | | | ] | ] Il ! ! [
Read Data Cross Bar

URERURAIRE S R RY A IR TR S A TR Y A Y 8 S LT A AT A

> Integer Atomic Units

=

Write Data Cross Bar




Figure 6: Cache Hierarchy
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Figure 7: AMD Radeon™ HD 7970
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Peak GFLOP/s
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What next”?



