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Architecture . Deterministic 64-Byte Zero-Stall ASIC Mcro-Architecture
WCET Cuar ant ee : <1.18 mcroseconds across all tensor operations

HARDWARE MICRO-ARCHITECTURE INNOVATION

Moder n hi gh- perfornmance avioni cs processors suffer non-determ nistic pipeline stalls
caused by L1/L2 cache nisses, DRAM page boundary conflicts, and bus contention.

TR 2026/ 013786 enforces strict 64-byte single cache-line alignment directly in silicon,
ensuring every tensor operand resides entirely in a single nmenory transaction.

Resul t: 100.00% Zero-Stall L1 hit rate with mathematical WCET determ nism

SILICON BUS ALIGNMENT THEOREM

Stride(T) == 0 (npd 64 Bytes)
Latency WCET < 1.18 us forall Op in Orega_Tensor

Architectural guarantees:
- Zero L1 cache line crossings: every spatial tensor block fits in 64 bytes.
- Dual -issue systolic execution array achi eves zero nenory-induced pipeline bubbles.
- Elimnates non-deterninistic arbitrati on del ays across shared PCl e/ AXI buses.

- Cuarantees predictable cycle count required by DO 254 DAL-A certification.

ISO/IEC 17025 VERIFIED SILICON BENCHMARKS

Metric Description St andard Avi oni cs DSP 5DVRAI TR 2026/ 013786 Per f ormance Gain

Har dwar e Execution Cycl es 34,200 cycles 2,183 cycles 15. 67x Faster

Wor st - Case Lat ency (WCET) 42.60 us 1.12 us (<1.18 us limt) 38.0x Determ nism

L1 Cache Hit Ratio 82. 40% 100. 00% (Zero Stall) +17.60% Zero Waste
Nuneri cal Precision (RVSE) 0. 0890 0. 0019 46. 8x Accuracy

Bus Contention Probability 17. 6% 0.00% (1 sol ated Stride) Conpl etely Elinm nated

SYNTHESI S TARGETS & HARDWARE SUPPORT:

- Fully synthesized in SystenVerilog / VHDL for Xilinx UtraScal e+, AVD Versal, and TSMC 7nm
- Drop-in AXl 4-Stream sl ave interface conpatible with RAD750 and Power PC ni ssi on conputers.




