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Attached Processors

Intel’s 8087 was hosted by an 8086



Inside A Modern Processor
Intel Alder Lake – ME (Management Engine),
BSP (BootStrap Processor), ...



Supercomputers
MasPar MP1
DEC Alpha workstation



Supercomputers
Cray T3D
Apple PowerBook
Y-MP/C90



Supercomputers
Clusters in 108 Marksbury, Head Nodes



Supercomputers
GPUs (photo from Tom’s Hardware)



Supercomputers

• Supercomputers are like Ogres
• There is a parallel computation unit
• There is a host system with I/O, etc.
• There is a boot system
• There is a status display / service processor

• Quantum Processing Units (QPUs) are just
another layer...





Tangled Instruction Set



Tangled Instruction Set

• Ordinary instructions
• Integer arithmetic and logic
• Floating-point arithmetic (16-bit bfloat)
• Control flow
• Memory access
• System call

• None of that touches Qat!
It is a completely normal instruction set...



Tangled Instruction Set



Tangled & Qat



Qat Instruction Set

• Quantum-inspired instructions, but:
• No integer arithmetic
• No floating-point arithmetic
• No control flow
• No memory access
• No system call

• Only meas and next touch Tangled state!
Entangled superpositions live entirely in Qat



NVQLink and CUDA-Q
• NVIDIA’s CUDA is already a very popular API

dealing with GPUs as Attached Processors
• Host vs. Device decomposition
• Queue system for sending requests to run

Device Kernels, DMA copy data, etc.
• CUDA Kernels are compiled into pseudocode

that is translated to native at runtime,
analogous to transpiling in QisKit

• Adds hardware interface and extends CUDA
https://www.nvidia.com/en-us/solutions/quantum-computing/nvqlink/ 

https://www.nvidia.com/en-us/solutions/quantum-computing/nvqlink/


Qat Instruction Set
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• Qat operations have their own @ registers
• Dependences are processed by Tangled
• No read/write between $ and @ registers

• Purely combinatorial with fixed timing

Qat Instruction Set



• Quantum code is basically
a straight-line basic block
executed without pauses

Qat Example Program



Quantum Computation

• Starts with a conventional host

• Enables a self-contained combinatorial QPU
• Entangled superpositions live here
• Each block executes without interruption

(delays could collapse superposition)

• Host decodes instructions and controls QPU
(could overlap conventional execution)

• Host (and above) does all I/O conventionally
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NVQLink and CUDA-Q



NVQLink System Architecture

• NVQLink is a real-time-control network for GPU
to Quantum System Controller (QSC)
https://developer.nvidia.com/blog/nvidia-nvqlink-architecture-integrates-accelerated-computing-with-quantum-processors/  

https://developer.nvidia.com/blog/nvidia-nvqlink-architecture-integrates-accelerated-computing-with-quantum-processors/


CUDA-Q

• CUDA-Q is a Python/C++ dialect of CUDA that
has constructors for quantum circuit kernels
• Not really very different from QisKit…
• May handle syndrome error correction using

GPU-optimized parallel processing
• Libraries for various hybrid algorithms

• Many hardware backends

• Reference:
https://nvidia.github.io/cuda-quantum/0.14.0/index.html  

https://nvidia.github.io/cuda-quantum/0.14.0/index.html
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