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Goal: Improve cost-performance by 10x over GPUs



@ C/\N\// Ave, 9“19 S/,

&) s have very M‘J

MCLF s

e

ops / BZ/"&

6l /.

WORKLOAD

¢ Number e
% [m*o(w{’ejf ZHZ

mfh

o}u
MLP £ Lorm Aot jame
Ops [t _edbolth dize

Jfath me ”"”{

v

Layers Nonlinear . TPU Ops/ | TPU Batch |% of Deployed TPUs
Name | LOC FC | Conv V)e]ctor Pool | Total function Weights Weight—%yte Size fm JZly}EOI 6
MLPO 100 5 5 ReLU 20M . 200 <> 200 61%
MLP1 | 1000 4 4 ReLU SM 168 > 168
LSTMO | 1000 24 34 58 sigmoid, tanh 52M 64 > 64 29%
LSTM1 | 1500 37 19 56 | sigmoid, tanh 34M —-> 96
CNNO | 1000 16. 16 ReLU &M 2888 8
CNN1 | 1000 4 72 - 13 89 ReLU 100M 1750 32

DNN: RankBrain, LSTM: subset of GNM Translate
CNN:s: Inception, DeepMind AlphaGo
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Quantization = Lower precision, energy use

8-bit integer multiplies (unlike training), 6X less energy and 6X less area

Need for predictable-latency and not throughput
e.g., /ms at 99th percentile
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TPU DESIGN
CONTROL
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INSTRUCTIONS

CISC format (why ?)
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SYSTOLIC EXECUTION

Problem: Reading a large SRAM uses much more power than arithmetic!

L dadkes (L1 L e it St
i to  lomputl Lt
tare inpls -
T
TPV . v
K Wave - /LLQ }WO %9“ 4/ M . - i Pairtial Sum
R A Il K& _59 o
) Preold cale erepdiom I=IN=Ik "E—’D
5 W(ﬁj& );eo//wrvw\zﬁ( I : =X




| ROOFLINE MODEL ok fat—
X-auk o Ope yabool o donily dé—/ W?— %ﬂd/ ( ” | _z::::e

LSTM1

177“ O;L M {M A MLP1
¢ MLPO
. . tecond L, 1 » oo
e i E S # CNN1
o
—Bi;»e /(A/\@ (s %Wm %
/ﬁam(.,mv/e /%ec = 1
0.5
Ve
— CWNNs o et wm’)w{/e/ A/W/ 6 /DOWJ
_ LS & Mubs et o o Meme”Y évw( 7
A
k f&aﬁ f&wy 4/ Ja AR TC 14 0 oo o

Operational Intensity: MAC Ops/weight byte
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SELEGTED LESSONS

Latency more important than throughput for inference

LSTMs and MLPs are more common than CNNs

] 4
Performance counters are helpful — fo ol Arprov:

Remember architecture history



SUMMARY

New workloads = new hardware requirements

Domain specific design (understand workloads!)
No features to improve the average case
No caches, branch prediction, out-of-order execution etc.

Simple design with MACs, Unified Buffer gives efficiency

Drawbacks
No sparse support, training support (TPU v2, v3)

Vendor specific ?



DISCUSSION

https://forms.gle/tss99VSCMeM;|Zx7P6
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CPU | 16 7.2 ms> 5,482 42%
CPU | 64 21.3 ms 13,194 100%
GPU 16 (6.7 mg 13,461 37%
GPU | 64 8.3 ms 36,465 100%
TPU [(200 | (70ms>  [<225000 | (B0%
TPU | 250 10.0 ms (280,000 100%
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How would TPUs impact serving frameworks like Clipper? Discuss what specific
effects it could have on distributed serving systems architecture
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NEXT STEPS

No class Thursday! Happy Thanksgiving!

Next week schedule:
Tue: Fairness in ML, Summary
Thu: Midterm 2
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ENERGY PROPORTIONALITY
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