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Technology Node: €+nm
Frequency Target: Y++—£¢++« MHz
Compute Precision: INTA (primary)
Accumulator: INTYY

Peak Throughput: ~+,2-Y TOPS
On-chip SRAM: YYA_Yeo1 KB
Power Budget: <\W

Die Size Target: Y—° mm?
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MAC Array (Core Block)
Type: Systolic Array
Size: YYxYY
Precision: INTAXINTA to INTYY
Features:
= pipeline
= clock gating
= configurable tiling
= local reuse support
Additional Requirements:
= systolic dataflow must be explicitly defined (input/weight/output flow
direction)
pipeline depth per MAC stage must be determined
support for partial sum accumulation across tiles
possibility of stall-free streaming if data is provided
inter-PE communication latency <) cycle
The memory subsystem must support sufficient bandwidth to avoid MAC
starvation.
Designers must provide bandwidth analysis demonstrating no underutilization
due to memory bottlenecks.

Buffer Subsystem
Buffers:
» |nput Buffer
= Weight Buffer
= Qutput Buffer
Features:
= double buffering (ping-pong)
* banked SRAM
= parallel access
SRAM
SRAM should be implemented as multi-bank single-port or dual-port memory.
logical multi-port access must be achieved via banking and arbitration.
bank conflict handling must be determined.

A




Total: YYA-Yo1 KB
Type: multi-bank SRAM
SRAM latency target: < ¢ cycles, design must specify read/write latency and banking
strategy explicitly.
Support:
= simultaneous read/write
= |ow latency
e DMA Engine
Channels: >Y
Features:
burst transfer (AX1¢)
address generation
configurable stride
interrupt (optional)
support for memory-mapped and streaming modes
descriptor-based operation (optional but preferred)
latency hiding via prefetch
back-pressure handling from compute unit

e AXI Interface

AXI¢ (data path)

AXI-Lite (control)

Features:
burst support
high throughput
AXI Interface Requirements:
AXIt data width: e, WAL $¥ sl

burst length: vs sl
= target bandwidth: f—v Jsl.e GB/s

= QoS considerations to prevent starvation
e Control Unit
Type: FSM + Loop Engine
A clear programming model must be defined:
= Instruction-based
= Register-based
= Microcode-based
The choice must be justified in terms of flexibility vs hardware overhead.
Capabilities:
= nested loops (1D):
v" channel in/out
v’ spatial
v kernel
= programmable via registers
= Control Unit must support:




v programmable instruction sequence L, microcode
V" loop nesting xlaw 5 Jfslas &
v'runtime reconfiguration without reset

Activation Unit
= ReLU (mandatory)
= optional: clamp / leaky ReLU

Quantization Unit
= INTYY — INTA

= scaling + shift

= support for per-channel quantization ( > )

= rounding mode must be determined (nearest / stochastic)
= overflow handling: saturation (mandatory)

PMU (Performance Monitoring Unit)
= cycle counter
MAC utilization
stall tracking
bandwidth usage

scan chain
MBIST for SRAM
test mode control
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e partition-based design
e clean interface boundary
e decoupled subsystems

PERRENy

Internal:

e AXI¢

e AXI-Stream (optional)
Future-ready:




Transport Layer (AXI to packet abstraction)
Adapter placeholder for UCle PHY
latency budget for internal interface should be determined
packetization boundary definition (transaction layer abstraction)
clock domain crossing strategy must be defined
die-to-die can be written to UCle protocol stack (PHY-independent design)
interface should be designed in a manner that without changing the compute logic in
the next versions we can add:
= CHI adapter;
= UCle PHY.

oty suomeSI

Chiplet A: Compute (MAC + SRAM);
Chiplet B: 10 + DMA + Host Interface.

drwgi i )li Sl Blp 5 -5

(driver) }V..G!eb-

Language: C
Features:
e register configuration;
e DMA control;
execution control.

(runtime library) { =1 Olo) ‘bbvl?f-

conv¥d();
load_weights();
run_layer().

(model convertor) _fow Jv\m-
Language: Python

Quantization accuracy loss must be reported: Top-) accuracy degradation < Y7 Jus 4 cos
FPYY
Functions:
e PyTorch — INTA
e weight extraction
e config generation
Model Converter must support:




ONNX input (mandatory)

PyTorch export

graph optimization (layer fusion)
memory scheduling (tiling generation)

(test and evaluation software) ELBIEES 9.0}7 JN¥le -

golden model (NumPy);
bit-accurate comparison;
validation scripts.

b 9 b3l ccwd Obol3l g Luly -

(RTL Verification) RTL Jw i:-

unit-level test bench;
system-level simulation;
random + directed tests.

(Functional Validation) (& yClos v i:-

CNN inference correctness;
comparison with PyTorch.

(performance validation) 7, o i:-

throughput measurement;
utilization analysis.

(post silicon validation) ool 31 o o i:-

bring-up:
= JTAG debug interface (mandatory);
= Possibility of complete register read back;
= internal signal observability (via scan \, debug mux).

hardware testing;
real model execution.

¢ CNN atad Sl e
¢Csda throughput & slows @

¢34 tape-out e




e silicon functional:

= Functional Coverage > A+

» Code Coverage > A+7.

= assertion-based verification

= formal verification for vital blocks (optional but preferred)

Driver;
Runtime library;
Model converter.
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.Jo8" DRC/LVS Report o
: Sign-off 5 eSule gla L (&

LEF/DEF;
Layer map;
Extraction (PEX);
.PEX ;| ., Timing sign-off e
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Liberty files (timing models);
SDF back-annotated;

power intent (UPF/CPF);

IR drop analysis report;

EM analysis report.
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