
Lec16: SYCL
Single source C++ heterogeneous parallelism



What is SYCL?

• Single source C++ (no separate shader language, language 
extension, it’s just C++17)

• Open standard by Khronos group (like OpenCL, OpenGL, Vulkan, 
etc)

• High-level (slightly higher than CUDA/OpenCL)
• Cross-platform (a few compilers, notable targets NVIDIA, AMD, 

Intel GPUs, Intel FPGAs, and many CPUs)
• Could be considered very loosely the evolution of OpenCL



Try it out on the course server

• Intel DPC++ compiler is installed
• Set up environments: 

$ source /opt/intel/oneapi/setvars.sh
• Get Sample code: 

$ cp –r /opt/2025s_cosc4397/sycl .
• Build and run

$ make
$ ./vadd 100001



Unified Shared Memory (USM)

• USM is pointer based memory 
management, more familiar 
traditional C++ programmer

• C: malloc(), free()
C++: new, delete
USM: malloc_xxx(), free(). 

• All types of malloc_() are 
accessible from device!!
• malloc_device()
• malloc_host()
• malloc_shared()



USM Memory Allocation

• Device allocation
• Physically allocates memory on device
• Cannot be accessed on host

• Host allocation
• Physically allocates memory on host
• Accessible on device! (via PCIe remote access, could be slow)

• Shared allocation
• Not fixed physical allocation (host? device? It’s fluid)
• Migrate between host and device automatically 
• Accessible from both host and device



Two strategies of data movement: Explicit



Implicit Data Movement



Fine-grained control



Scheduling Kernels and Data Movement

• Task graph: sequencing task
• Two kind of tasks: 

• Kernel launches
• Data movement (memcpy)

• Using dependencies to order taks
• How task graph is built at runtime
• Synchronization



Graph scheduling

• Graph node: task (kernel, memcpy)
• Graph edge: Dependencies 
• Dependencies are based on data access of kernel
• Three dependencies: 

• “Read-after-Write (RAW)”
• Write-after-Read (WAR)
• Write-after-Write (WAR)



Command group

• A command group can contain three different things
• Action (task)
• Its dependencies
• Misc host code

• Action: 
• parallel_for(), single_task()
• memcpy(), memset(), fill(), copy(), update_host()

• Declaring dependencies: 
• In-order queues: sequential dependencies between command groups
• Event based: explicit set dependent event in command group
• Accessors: (only applicable to buffer/accessor pattern)



Chain dependencies: 





Y-shape dependencies





Communication and Synchronization

• Communication: 
• Between work-items in 

NDRange: Global memory
• Between work-items in a work-

group: Local memory (eq to 
CUDA shared memory)

• Between work-items in a sub-
group (eq CUDA warp): sub-
group collective functions



Local memory (shared memory in CUDA)



Sub-group Data Exchange

• Group broadcast
• Group vote: any_of_group, 

all_of_group, none_of_group
• Shuffles: select_from_group, 

shift_xxx



References: 

• Book: Data Parallel C++ (2023, open access at 
https://link.springer.com/book/10.1007/978-1-4842-9691-2)

• Tutorial: Heterogeneous programming with SYCL
https://enccs.github.io/sycl-workshop/

• Official standard reference: 
https://github.khronos.org/SYCL_Reference/index.html

• Playground: https://sycl.tech/playground

https://link.springer.com/book/10.1007/978-1-4842-9691-2
https://github.khronos.org/SYCL_Reference/index.html
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