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OBJECTIVES AND SCOPE AMD ¢\

y Objectives
Introduce theRadeonOpen Compute Platfom (ROCm
l a5Q48 DNJ LKAOA / 2NB bSEG 6D/ b0 | MOKAGSOGdz2NBE I'yYR D/ bo L{!
Describe the gembased APU simulator
y Scope Modeing
Emphasis on the GPU side of the simulator systems

APU (CPU+GPU) model, not discrete GPU
Covers GPU arch, GCN3 ISA, andMWinterfaces

y Why are we releasing our code?
Encourage AMiPelevant research
Modeling ISA and real system stack is important [1]

Enhance academic collaborations
Enable intern candidates to get experience before arriving
Enable interns to take their experience back to school

y Acknowledgement
a5 wSaSINOKQa 3ISYp GSkY

[1] Gutierrezet al. Lostin Abstraction Pitfallsof AnalyzingGPUsat the IntermediateLanguagd.evel HPCA2018
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QUICK SURVEY AMD ¢\

y Who is in our audience?
Graduate students
Faculty members
Working for government research labs
Working for industry

y Have you written an GPU program?
CUDAQpenCIM HIP, HC, C++ AMP, other languages

y Have you used these simulators?
GPGPLSIim
Multi2Sim

gems
Our HSAHbased APU model

y Are you familiar with our HPCA 2018 paper?
Lost in Abstraction: Pitfalls of Analyzing GPUs at the Intermediate Language Level
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OUTLINE

Background
ROCmMGCNS3 ISA, and GPU Arch
HSA Implementatiom gem5
Break
Ruby and GPU Protocol Tester
Demo and Workloads
Summary and Questions
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BACKGROUND

y Overview of gem5
Source tree

y GPU terminology and system overview

y HSA standard and building blocks
Coherent shared virtual memory
Userlevel queues
Signals
etc.
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OVERVIEW @em5 AMD ¢\

y Opensource modular platform for system architecture research
Integration of M5 (Univ. of Michigan) and GEMS (Univ. of Wisconsin) (
Actively used in academia and industry I

y Discreteevent simulation platform with numerous models

CPU models at various performance/accuracy tratfgoints 9 e| ]‘ ]5
Multiple ISAs: x86, ARM, Alpha, Power, SPARC, MIPS

¢g2 YSY2NER &aeadSYy Y2RSfay wdzomé FyR GOflaairoég dapbo
Including caches, DRAM controllers, interconnect, coherence protocols, etc.
I/O devices: disk, Ethernet, video, etc.
Full system or appnly (systerrcall emulation)
y Cyclef S@Sf Y2RStAy3 oy20 a080fS I OOdzNI (1S€ 0
Accurate enough to capture firstrder performance effects
Flexible enough to allow prototyping new ideas reasonably quickly

y Seehttp://www.gemb5.org

y More information available from Jason Lowe2 ¢ S NX2a (0 dzi 2 NR | €
http://learning.gem5.org/tutorial/
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APU SIMULATOR CODE ORGANIZATION AMD ¢\

y Gemba top-level directory
src / For more information about the
. configuration system, see Jason
gpu - compute/ al GPU core model gems Lowet 2 6 &
mem/protocol/ a APU memory model
mem/ruby/ a APU memory model f ' J

devihsa/ a HSA device models .
_ src configs
configs/

example/ a apu_se.py sample script
ruby/ a APU protocol configs

gpu- mem/ mem/ dev/
compute protocol ruby hsa

Forthe remainderof this talk, files without a directory
prefixarelocatedin src / gpu- compute/
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GPU TERMINOLOGY

AMDZ

SQCSequencefachgsharedLl instruction)

GPU {Cache

L1D g L1D|] L1D g L1D
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CU ComputeUnit (SMin NVIDIAterminology)

TCP Texture Cacheper Pipe
(private L1 data)

n TCC Texture Cacheper Channel
_ (sharedl2)
AMD terminology
Not shown (per GPUcore).

LDS Local Data Share (Sharedmemory in. NVIDIA
terminology,sometimescalledd a O NI URCEKD



EXAMPLE APU SYSTEM AMDZ
GPU + CPU CORER WITH A SHARED DIRECTORY

CPU4{Cache

Directory

Controller
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AMD TERMINOLOGY IN A NUTSHELL AMD ¢\

y Heterogeneous Systems Architecture (HSA) programming abstraction
Standard for heterogeneous computesupported by AMD hardware
Light abstractions of parallel physical hardware
Captures basic HSA and OpenCL constructs, plus much more

Workditem GPU Architecture | Thread block ~HSA Mode'
_________ in CUDA _ Grid in CUDA
! GPU Grid

GPU Core| | GPU Core Workgroup, | Workgroup

e

EEEEE - B8
|

G i

I
|
I
Grid —
I
|
I

X
Thread in N
CUDA -~ Work-item (WI) Wavefront(WF)

y Grid: NDimensional (N =1, 2, or 3) index space Warp in CUDA
Partitioned into workgroupsyavefronts and workitems
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SPECIFICATION BUILDING BLOCKS AMD ¢\

HSA Hardware Building Blocks HSA Software Building Blocks
y Shared Virtual Memory a y HSA Runtime a
Single address space Implemented by th&OCnruntime
Coherent Create queues Sé’uii’e
Pageable Allocate memory = HSA System Runtime
Fast access from all components gpen Device discovery Specification
ource
Can share pointers - - :
_ P | HSA Platform System Arch Y Multiple highlevel compilers
y Architected Uset_evel Queues Specification CLANG/LLVM
y Signals C++, HIRDpenMPROpenACCPython —
. i I Sour
y Platform Atomics y GCNS3 Instruction Set Architecturg — =°"®
: Kernel state . CEN3ISA
y Defined Memory Model ISA encodings Specification
y Context Switching ] Program flow control ] -
Industrystandard,architectedrequirementsor Industry specifications to  enable
how devicesshare memory and communicate existing programminglanguagesto
with eachother target the GPU

http://hsafoundation.com
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APU SIMULATION SUPPORT AMD ¢\

HSA Hardware Building Blocks HSA Software Building Blocks
y Shared virtual memory y Radeon Open Compute platfar(ROC
Singleaddressspace l a5 Qa A Y LI SYSYL]' 67\2}/ 2T I { I
Coherent Create queues
Fast access from all components Device discovery
Can share pointers AQL support
Pageable Allocate memory
y Architected usetevel queues y Machine ISA
Via architected queuing language (AQL) GCN3
y Signals y Heterogeneous Compute Compiler (HCC)

CLANG.LVMc direct to GCN3 ISA

y Platform atomics
C++, C++ AMP, HOhenMP OpenACC, Python

y Defined memory model

Acquire and release semantics as implemented by the compiler

Merging functional and timing models Legend
Included in this release

Work-in-progress / may be release(d
Longer term work

y Context switching
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OUTLINE

Background
ROCmGCNS3 ISA, and GPU Arch
HSA Implementatiom gem5
Break
Ruby and GPU Protocol Tester
Demo and Workloads
Summary and Questions
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HW-SWINTERFACES AMD ¢\

ROCNt highlevel SW stack
HWLSW interfaces

Kernel launch flow

GCNB3 ISA overview

< K K X
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ARE YOU READYRQmn?
SWSTACK AND HIGEVEL SIMULATION FLOW

Application GCN3 ELF +]
y HCC source | Code metadata
Clang front end and LL\\Mased backend
[?irect to ISA / PN X80 ELF J
Multi-ISA binary (x86 + GCN3) I I
[
y ROCnStack . I
HCC libraries User space | |
Runtime layeg ROCr I |
Thunk(user space driveQ ROCt / Runtime loader loads
Kernel fusion driver (KFQROCKk r o GCNS3 ELF into memory
_ _ _ OS kernel spacq |
y GPU is a HW®W cedesigned machine - 0=
Command processor (CP) HW aids in implementing
HSA standard

Rich application binary interface (ABIy5qer [ hhjcc ]

y GPU directly executes GCN3 ISA compute_unit .[ hhjcc ]
Runtime ELF loaders for GCN3 binamypu_command_processor .[ hh|cc ]

Command
Processor

Seehttps://rocm.github.iofor documentation, source, and more.
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DETAILED VIEW OF KERNEL LAUNCH AMD ¢\

GPUFRONTEND ANMW-SWINTERFACE ( V\)
User Space S
. & J
y User space SW talks to GPUigil() gpu_compute_driver .| hhicc ] ) b oot 0
HCCROCHIROCHre offthe-shelfROCm \ ROCK
ROCks emulated in gem5 N
Handlesoctl commands dev/ hsa/ hsa_packet_processor [ hhjcc ]
dev/ hsa/ hw_scheduler .[ hh|cc ]

P, = mm mm e S mm e mm Em Em Em Em Em Em Em Em Em Em ==

y CP frontend

- . [ (=
Two primary components: cerneld] |-|Wh ;e|ue Dispatcher
HSA packet processor (HSAPP) W | _Scheduler
. | HW ueue

Work d tch
orkgroup dispatcher : HSAPP

y Runtime creates soft HSAqueues |- a2
HSAPP maps them to hardware queues Model Components
HSAPP schedules active queues

. Headpt
y Runtime creates and enqueues AQL packets sacet ~US T

- | Ok
Packets include: \
Kernel rgsource requirements hsa_packet.hh
Kernel size
Kernel code object pointer

a 2 NB X - — hsa_queue.hh

HSA software queue

Tail ptr
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DETAILED VIEW OF KERNEL LAUNCH

DISPATCHER WORKGROUP ASSIGNMENT

y Kernel dispatch is resource limited
WGs are scheduled to CUs

y Dispatcher tracks status of-fhight/pending
kernels

If a WG from a kernel cannot be scheduled, it is
enqueued until resources become available

When all WGs from a task have completed, the
dispatcher frees CU resources and notifies the host
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dispatcher.|

AMDZ

hh|cc ]

AN

hsa_queue_entry.hh

CuU

CuU

wg(1, tl) 0)

CU

Shader

-

AN

GPU Dispatcher
ID

~

HSA
(AQ

~

| Queue EN
_ kernel)

J

1) Tryto dispatchWGson everycycle

2) Pick oldest AQL pkt in queue if it has

unexecutedWGs try to schedulehemona

3) DispatchWG to CU if there are enough WF

CuU

slots,enoughGPRsandenoughLDSspace /




DETAILED VIEW OF KERNEL LAUNCH System software AMDZ\

GPUABIINITIALIZATION ‘

y ABI v Binary
Interface between the application binary (ELF) and HW/S/
other components (e.g., OS, ISA, and HW)
Function call convention, location of special values, kernel code.hh _ _
etc. / Register File
: : L : : : ETFFFX
y ABI state primarily maintained in register file AMD | n XT ]. E:;r;gl;;?;;zents
Some state maintained in the WF context for Kernel e
simplicity Code
y CP responsible for initializing register file state o
Extracts metadata from code object (GPU ELF binary) e
Initializes both scalar and vector registers
. VCC HI
Kernel argument base address, vector condition codes VeC LO

(VCOQO), etc.

GCNB3 ISA application loading a kernel argument

#Load 2 " 64b kernel arg into s[2:3]
s_load_dwordx2 s[2:3], s[0:1], 0x08
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GPUMICROARCHITECTURE AMD ¢\

y Highlevel gem5 and Ruby core models

y gemb5 ISA/HW separation
Object oriented design

a2zRdzZ  NE SEGSyaArot SX

Possible to support multipSAs
GCN microarchitecture
ASYpQa O2yOSLYidzZ £ LIALISEAYS FYR UAYAYy3 Fit24
GCN3 ISA description

gem5 compute unit implementation
Pipeline breakdown

< KK K
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GPU CORE MODULES AMD 1
GPU CORE MODULES VS. RUBY MODULES

Hardware building blocks

y GPU core is the compute unit

. A

Resources inside GPU Core Bcemb
Instruction buffering, Registers, Vector ALUS e Te3 1=
Resources outside GPU Core GPU Core APU
TCP, TCC, SQC (Ruby based) Modules Simulato
y Shader object containing all GPU core
models \_ 4 W,
The toplevel view of the GPU in gem5 Simulator software modules

Contains multiple CUs
With other miscellaneous components
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ISA DESCRIPTION/MICROARCHITECTURE SEPARATION

y GPUStaticinst GPUDynInst

Architecturespecific codesrdarch/
Base instruction classes
ISA decoder
ISA state, etc.

Define API for instruction execution
e.g., execute(y perform instruction execution

Implemented by ISApecific instruction classes

y GPUExecConte&t GPUISA
Define API for accessing ISA state

y Objectoriented design
Base classes define the API
Model uses base class pointers

Configuration system instantiates KSpecific
objects
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Wavefrontrelated interfaces
Static instruction objects
HW Blocks

ISA specific
instruction
classes and
methods

Instruction and ISA specific classe

Dynamic instruction information
and interfaces

2S

GPWCore/ISAAPIdefinition

GPUcorestate

Shader
Compute Units
WF Context

GPUStaticlnst
GPUDynInst
GPUExecContex

GCNB3 Static Ins\t
GCN3 Decoder

AMDZ

Operands
ISA State
ISA Registers
g _J
ISAspecificstate
Relevant source:
gpu_exec_context .[ hhjcc ]

[ hhjcc ]
gpu_static_inst.hh|cc

gpu_dyn_inst
src /arch/gcn3/

src /arch/gen3/  gpu_isa.hh
src/arch/gcn3/isa.cc

src /arch/gen3/  operand.hh

src /arch/gcn3/registers.| hhjcc ]

]



GPU CORE BASED ON GCN ARCHITECTUFIEE@"<’“_f‘3@liste'f_f"e L hhjce ] AMD ¢\

vector_register_file [ hhjcc ]

Compute Unit

D e N
’ SO N
/ S W
| *- v Scalar
| 1 Cache
I Export/GDS I
I Decode TCP : :
I
I Vector Mem I
SOC I Decode Vector » I
- . I
Q Scalar _1 I :
: Decode I
1 I Vector I
[ ” Decode :
I
[ M :
I
\ N Local Data !
\
N wavefront [ hhlcc ] Share Mem
N\
arch/gcn3/  gpu_decoder.hh lds_state .[ hhjcc ] src/mem/protocol/GPU_VIPER - TCP.sm
arch/gcn3/decoder.cc src/mem/protocol/GPU_VIPER - TCC.sm
src/mem/protocol/GPU_VIPER - SQC.sm
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http://www.amd.com/Documents/GCN_Architecture_whitepaper.pdf

GPU CORE TIMING AMDZ
CONCEPTUAL TIMING STAGES

Fetched WFsReady WFs Executing WFs

Memory
Scoreboard Schedule Execute

- GlObal memory (TCP)
el SCalamemory

y Executein-execute philosophy

y Pipeline stages
Fetch: fetch for dispatched WFgetch_stage .[ hhjcc Jand fetch_unit .[ hhjcc ]
Scoreboard: Check which WFs are reashbpreboard_check_stage [ hhlcc ]
Schedule: Select a WF from the ready paghedule_stage .[ hhjcc ]
Execute: Run WF on execution resowegec_stage .[ hh|cc ]
Memory pipeline: Execute LDS/global memory operation

local_memory_pipeline [ hhjcc ]
global_memory_pipeline [ hhjcc ]
scalar_memory_pipeline [ hhjcc ]
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GCN:I;PU'SA arch/gen3/ insts /op_encodings .[ hh|cc ] AMD:'

arch/gcn3/  insts /instructions.| hhjcc ]

y Vector and scalar instructions Op Type Functional Unit

Singl,e instrlﬂction stream SOPP Branch/Message  Branching, NOPs, Barrievgaitcnts
b2z2d NbBlFIfftée ada{Lac¢¢E Unit messaging
Divergence handled by scalar unit SOPC/SOPK/SOP1/SOP2 Scalar ALU General scalar computation/divergence
Can directly modify execution mask handling
Jump over basic blocks when EXEC =0 SMEM Scalar Memory Scalar memory access, cache maintenan
y Instructions broken down by OP type VOPC/VOP1/VOP2/VOP3 SIMD Unit General SIMD computation
m ifferent functional units in :
88 types map to different functional units DS LDS Private scratch pad memory
The CU can issue one instruction to each  MUBUF Vector Memory Accessing vector memory, cache
unit in the same cycle maintenance
Export/GDS not supported in gem5 FLAT LDS/Vector Memory Accessing vector memory, may resolve to
LDS or system memory
VINTRP/MTBUF/MIMG/EX Varies Primarily used by graphics. Not currently

modeled in gem5; however, the
infrastructure to do so is present.

Full GCN3 spec available at: https://gpuopen.com/comgareduct/amd-gcn3isaarchitecturemanual/
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GPU CORE MODULE INTERNALS
SHARED VS. PRIVATE STRUCTURES

y Compute unit

SIMD hosts WFs

Privateresources to each SIMD

Instruction buffering
Registers
Vector ALUs

Sharedresources
Fetch and decode
TCP
LDS
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Scalar

Four 16wide SIMD units Cache

AMDZ
4-CUshared SQC
4 v N
Instruction Fetch
| | | |
WF 09 WF 1019 WF 2029 WF 3039
Contexts Contexts Contexts Contexts

Instruction Decode/Arbitration

y L 4 ¥ y 2
SIMD 0 SIMD 1 SIMD 2 SIMD 3 (
VGPRs VGPRs VGPRs

v Branch
LDS Unit
J

Scalar Unit

VGPRs

TCP




FETCH ANWAVEFRONJONTEXTS

4-CUshared SQC

Instruction Fetch

y SQC shared by 4 CUs
Number of SQCs and CUs are configurable

y Fetch

Shared and arbitrated between SIMDs in a C

Fetch to each SIMD unit
Buffers fetched cache lines per WF

y WEF Contexts

10 WFs per SIMD, 40 per CU
PC and decoded instruction buffers (IB)
Reqgister file and LDS allocation

Y. of WF executes each cycle

4 cycles needed to fully execute single SIMD

instruction
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fetch_stage
fetch_unit

[ hhjcc ]
[ hhjcc ]

. Fetch buffer
(per WF)
<

J

]

WF 09
Contexts

I

SIMD 0

VGPRs

Vector
ALU

\ 4

¥

WF 1019
Contexts

1

Instruction Decode/Arbitratio

SIMD 1 SIMD 2
VGPRs VGPRs
Vector Vector
ALU ALU
LDS

v y PG Instruction Data
WF 2629 WF 3039 ;
Contexts Contexts Pq |nStI‘UCtI0n Data
1 I ()
o
o
SIMD Scalar Unit
VGPRs SGPRs
Integer
LU ALU
Branch
Unit
wavefront .[ hhjcc ]




DECODE AND ISSUE

f scoreboard_check_stage

I

[ hhlcc T Y\

WF Contexts
[IIT—e

Instructiondata decoded
into instructionbuffer

<

Ready List Per Execution Unit

[

y
y

[ hhjcc ]

schedule_stage

Execution Units

Global Mem§i

\ o o o mm mm o mm o = = = = = = = = = =

Instructions are decoded out of fetch
Instruction arbitration

Can issue to each functional unit each cycle

Finds ready WFs

buffers

WF 09
Contexts

A 4

L 2

SIMD 0

VGPRs

Vector
ALU

hhjcc ]
scheduling_policy.hh

scheduler.[

Scheduling policy dictates which WFs have priority

Oldest first, easy to add others
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Instruction Fetch

WE 1019 WF 2029
Contexts Contexts
h 4 h 4
Instruction Decode/Arbitration
L 2 L 2 L 7
SIMD 1 SIMD 2 SIMD 3
VGPRs VGPRs VGPRs
Vector Vector Vector
ALU ALU ALU
LDS

TCP

AMDZ

' Fetch buffer ll
(per WF)

WEF 3039
Contexts

A 4

A

L 2

Scalar Unit

SGPRs

Integer
ALU

Branch
Unit



vector_register_file [ hhjcc ]
REG'STER F”_ES scalar_register_file [ hhjcc ] AMD:'

simple_pool _manager .[ hhjcc ]

static_register_manager_policy [ hhjcc ] |
. 1
y General Pu.rpose Registers .(.GPRS) T —
Vector registers (VGPR) partitioned per SIMD
Configurable size SIMDo WEF 09 WEF 1019 WEF 2029 WEF 3639
. Contexts Contexts Contexts Contexts
Because each SIMD executes independent WFE ®
. WFOg <VO, N> ° . L
32-bit wide L struction Decode/Arbitration
Combine adjacent VGPRs forltitor 128bit data
Each WF also has scalar general purpose registers N voene [ vorrs | verre || vers —
(SGPRs)
: nteger
y Register Allocation Done by a Simple Pool Manager * o o o o —
Only allows one WG at a time S
Statically mapped virtuad, physical register index LDS Unit
<base, limit> pair of registers specify GPR allocation I
Modular desigrg more advanced pool managers can be o

swapped into the VRF seamlessly
Simple timing model with constant delay

This is an area where gem5 user contributions would be extremely valuable.
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VECTOR ABU

y 16-lane vector pipeline per SIMD
Each lane has a set of functional units
One workitem per lane

y 4 cycles to execute a WF for all 64 wagms

In gem5, 64 worktems are executed in one tick and ticks are
multiplied by 4

y SIMD execution may take longer if wotkms in WF have
dissimilar behaviors
Example 1: Branch (or spatial) divergence

Branches executed through predication
When control flow diverges, all lanes take all paths

Example 2: Memory (or temporal) divergence
Longer access latency by one waten stalls entire WF

29 | THEAMDgerb APU SIMULATOR JUNE2, 2018 | ISCA018 TUTORIAL |

1

AMDZ

WF 09
Contexts

Instruction Fetch

WF 1019 WF 20629
Contexts Contexts

Instruction Decode/Arbitration

WF 3039
Contexts

Scalar Unit

Vector ALU in SIMD

Lane O

SGPRSJ
Integer
ALU
Branch

‘\ LDS Unit

TCP
compute_unit .[ hh|cc ]
Lane 1 'Y Lane 15
\"A'A"4 \"4

\VA'A'S




GPU CORE TIMING

gpu_dyn_inst

. [ hhjcc ]
HANDLING MEMORY INSTRUCTIQN$gen  3/instructions

arch/gen 3/insts / op_encodings

y Memory instructions generate memory requests

Part of GPU instruction definition (ISfecific)
y Three phases

execute()

. [ hhjcc ]

GPU dynamic memory instruction

Create Increment Global/LDS .

ol

AMDZ

[ hh|cc ]

Example GCN3 code:

Read operands, calculate address, increment wait coufftt_load_dword

and issue to appropriate memory pipe
initiateAcc 0

Issue request to memory system
completeAcc ()

For loads write back data. Stores do nothing.

y New machine ISAs can use this capability to
support their own memory instructions

y Individual stages contribute to the memory
instruction timing

flat_load dword
flat_load dword
flat_load_dword
s_waitcnt

v_ashrrev

Additionally memory end timing handled by Ruby and

memory technology parameters

y Memory dependencies are preserved using
waitcnts
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v4 , v[4.5] o

local_memory_pipeline . [ hhjcc ]
v16, v[8:9] global_memory_pipeline . [hhlcc ]
v23, v[14:15] scalar_memory_pipeline . [ hhlcc ]
v10, v[10:11]
cnt (3) @
v5,31, v4 9

flat_loadwritesv4
Waitcnt specifiesvait countvaluemustbe X3
Arithmetic shift later readsfrom v4

H w0 DR

Waitcntwaits until at least#1 isfinished



VECTOR MEMORY EXECUTION  ,yyece (—TCP N AMDQ

Tag > o
Coalescer »
Write data —» > 2
Data |€¢— g
o
_|
y In gem>s: Read datas N ) Q
Address calculatiorsrch/gen3/  insts  / op_encodings.hh
Address coalescing
mem/ruby/system/  GPUCoalescer .[ hh|cc ]
mem/ruby/system/  VIPERCoalescer .[ hh|cc ] ' 1
mem/protocol/GPU_VIPER - TCP.sm Instruction Eetch )
mem/protocol/GPU_VIPER - TCC.sm
WF 09 WF 1019 WF 2029 WEF 3039
y LDS Contexts Contexts Contexts Contexts

Usermanaged address space
Scratchpad for WFs in workgroup

Instruction Decode/Arbitration

. . . e | [

Used for data sharing and synchronization within workgroup =Rl =t f S | e
VGPRs VGPRs VGPRs oo seakar

Cleared when workgroup completes Registers | | Registers
. . . Vector Vector Vector Vector Integer
In gem5, functional model with a pointer per workgroup L L o L o
v Branch
LDS Unit

J
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CONTROL FLOW DIVERGENGE code:
SIMTVS. VECTOR EXECUTION MODEL if( i >ayy

*X = 84;
}else if ( i <16){
HSAIL e 0
BBO }
cmp_lt$c0, $s0, 32
rsco @ee2 [ 3333¥]| EXecute taken path
first & flush 1B
BB1 BB2
st 84, [$d0] cmp_gt$cO, $s0, 15
br @BB4 23] | | corsco, @BB4  [FI 111 ]
Branch ove

Fall through to BB3

BB2 & BB3, BB3
flush 1B oo [BIEEE]
)
BB4
ret ITWWI

Reconvergenceoint reached, HW
initiated jJump to divergent path
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CONTROL FLOW DIVERGENCE ..se GENS3 AMDZII

BBO
SIMTVS. VECTOR EXECUTION MODEL i ;i »31) e ——
*x = 84; s_loads[0:1], s[6:7], 0x0
} else if ( i <16){ s_and_saveexes[2:3],vcc
HSAI L *x = 90 v_movvO0, 0x00000054
BEBO } s_cbranch_exec@BB2 m
cmp_lt$c0, $s0, 32 BB1 i
cbrsco, @882 333V s_waitcntlgkmen(0) Instrucn butter
r_/ v_movv[1:2], s[0:1] = |Ogd
BB1 BB2 flat_storev[1:2], vO [T T T ¥ ] "
st84, [$d0] cmp_gt$co, $s0, 15 s_and_saveexec
br @BB4 [L333]) |ctrsco@sea [FF°7 7] BB? LA
s_andn2 exec, s[2:3], exec Y
[ 4
BB3 s_cbranchﬁl@BBS o
st 90, $[dO
[do] [(itit] “Ra —
BB4 v_cmp_gevcg 15, vO
“ E2T223 s_and_saveexes{4:5], vee Branchesare optimizations for
v_movv0, 0x0000005a casewhenEXEG 0 for aBB
s_cbranch_exec@BB5 [ § T 1 ||
BB4 = g
s_waitcntigkmen{0)
v_movv[1:2], s[0:1]
flat_storev[1:2], vO E]
BB5
s_endpgm Q33i¥]
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OUTLINE

Background
ROCmMGCNS3 ISA, and GPU Arch
HSA Implementationn gem5
Break
Ruby and GPU Protocol Tester
Demo and Workloads
Summary and Questions
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WHAT IS HSA?

Heterogeneous System Architecture

Processor design that makes it easy to harrikesntire computing
power of GPUs for faster and more powedficient devices, including
personal computers, tablets, smartphones, and servers

Bringing GPU performance to a wide variety of applications
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KEY FEATURES OF HSA AMD ¢\

Heterogeneous Unified Memory Architecture

Heterogeneous Communication via Signals and Atom

Heterogeneous Queuing
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TRADITIONAL DISCRETE GPU
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1

111 e

Coherent System
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GPU Memory
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I
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Separate memory

Separate addr space

No pointerbased
data structures

Explicit data copying
High latency
Low bandwidth

Need lots of
compute on GPU to
amortize copy
overhead

Very limited GPU
memory capacity



hUMA UNIFIED MEMORY

l

1111

Unified Coherent Memory

Cu
\Y

I
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Unified address space
GPU uses user virtual addresses
Fully coherent

No explicit copying
Data movement on demand

Pointerbased data structures
shared across CPU & GPU

Pageable virtual addresses
No GPU capacity constraints



HSA ATOMICS AMD ¢\

y Atomic memory updates fundamental to efficient thread synchronization
Implement primitives likenutexeg & SYlF LIK2NB&azX KA&aG23aINIYasz X LINBOA2d

y HSA supports 32bit or 64bit values for atomic ops
/1 {% {21t I'RRET AYONBYSYi(lzZ adzX RSONBYSY (X
and other common arithmetic and logic atomic ops

y On PGEXxpress system, atomics map to4EGitomics
y HSAspecifiesawddSTAY SR a{/ F2NJ I wCé¢ YSY2NER Y2RSt
I GFNRAFYOD 2F awStSlLasS /2yaraiaSyoeé Y2RSf
Acquire: pull latest data (to me)
Release: push latest data (to others)

Compatible with C++11, Java, OpenCL, and .NET memory models
5SOGFAftaY al {! tfFidF2NY {a0GSY ! NOK {LISOAFAOIFARZ2YEZX
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THE HSA SIGNALS INFRASTRUCTURE AMD ¢\

y Hardwareassisted signaling and synchronization primitives NP
Memory semantics, equivalent to atomics 2*,
e.g., 32bit or 64bit value, content updated atomically AN ™
| ¢
Threads can wait on a value

Powetrefficient synchronization between CPU and GPU threads

y Allows oneto-one, manyto-one, and oneo-many signaling
Used by system software, runtime, and application SW
Infrastructure to build highelevel synchronization primitives like mutexes, semaphores, etc.

y Updating the value of a signal is equivalent to sending the signal
Release semantics: push data to others

y Waiting on a signal is also permitted
Via a wait instruction or via a runtime API
Acquire semantics: pull data from others
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TRADITIONAL COMMAND AND DISPATCH FLOW AMD ¢\

mi

L

User ~ Kernel E
\Y[e]e[ \Y[e]e[ —
Driver Driver B ==

' Kernel

Mode E —_—
Driver |

" User ~ Kernel = Task
Mode Mode gl = Queue
Driver Driver §l =
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