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Learning to Optimize Tensor Programs

High-level data flow graph and optimizations
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l Learning to generate optimized program
for new operator workloads and hardware
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Search over Possible Program Transformations
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Search over Possible Program Transformations

Compute Description

' \

C = tvm.compute((m, n),
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Learning-based Program Optimizer
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Learning-based Program Optimizer
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Cost Model

Need reliable cost model per hardware
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Learning-based Program Optimizer
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Learning-based Program Optimizer
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S
Training data
Unique Problem * Relatively low experiment cost
Characteristics » Domain-specific problem structure

* Large quantity of similar tasks
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Program-aware Cost Modeling

High-Level Configuration

for y in range(8):
for x in range(8):
Clyl [x]=0
for k in range(8):
Cly] [x]+=A[K] [yl=*B[k] [x]

Low-level Abstract Syntax Tree
(shared between tasks)



Program-aware Cost Modeling

touched outer

memory loop
High-Level Configuration A g | length
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Program-aware Cost Modeling

touched outer

memory loop
High-Level Configuration A g | length
|64 6464 LY | L

' k| 1:8 8| k|64
w statistical

for y in range(8): featur’es

for x in range(8):
Clyl] [x]=0
for k in range(8):

Clyl [x]+=ATlk] [yI*B[k] [x] x
soft scatter

for >
Low-level Abstract Syntax Tree context vec o yﬂ;r > 120> TreeGRU
(shared between tasks) context vec of X Hr L pedding

context vec of k
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Relative Speedup
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Relative Speedup

Effectiveness of ML based Model
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Historical Optimization Tasks

Domain Invariant Program Transferable Models to speedup
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Transfer Learning Among Different VWorkloads

Historical Optimization Tasks

Domain Invariant Program Transferable Models to speedup
Representations new tasks

—— GBT on Configuration S - GBT on Flatten Loop Context x ——  GBT on Context Relation R —— GBT No Transfer
TITANX TITANX TITANX Mali GPU C1-Co6
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NVIDIA GPU Optimization (GTX 1080 Ti)
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AMD GPU Optimization (Vega FE)
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Bonus (INT8, GTX 1080)
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High Level: Scaling Automatic Performance Profiling
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Low Level: Portable RPC Tracker + Server

Resource Manager Red modules
(Tracker) .- RPC JIT || Hardware | can be
/ 5 Retscl)(urce | RT [ driver [] bitstream [T reconfigured
/ oken remotely in
Resource Allocation ’/ Y] [FIREN D0k each session
Al fepo|[wBRT  [reo |[moem |
1 RT [ | RT [] tasks /|7
— , RPC Session tasks ~
Optimization Service Data Path Nvidia GPU Server AMD GPU Servér
CFOS_? i F:.PC _ RPC | | OpenCL RPC ARM
SOIEL o] e 1 RT tasks 1 RT [ tasks |
Optimization Service Android Phone Raspberry Pi
______________ S o m e
i Workload 1 | Shared cluster of
' | ML-based | heterogeneous devices
' | cost model Prioritizer Workload 2 | |
i Workload 3 i

Running optimization services
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RPC Communication Flow
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RPC Communication Flow
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Model to Tuned Implementation

AutoTVM tuning
Bag of Operators :>
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Next: Autoscheduler, Lianmin @ 16:30

Handcrafted Schedule Templates
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