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CPU Die/Package
CPU Cores

- Runs your programs, performs calculations, controls 
other hardware

- Clock: 2.5 GHz

- 128 PCIe Gen4 lanes

- Generates:

- Memory requests

- PCIe Transaction Layer Packets (TLPs)

System Memory

- The large storage area where the CPU keeps data 
it's working on

- Organization (large to small):

1. DIMM  (memory stick) -  The entire building. This is 
what you physically plug into the motherboard.
a. Rank -  One f loor of the building. Most DIMMs 

have chips on both sides; each side is a " rank."
i. Chip -  One bookshelf  on that f loor. Each 

DIMM has 8-16 memory chips.
1. Bank -  One section of a bookshelf. Each 

chip has 8 banks (like having 8 separate 
card catalogs).
a. Row  -  One shelf  in that section. Each 

bank has ~65,000 rows.
i. Column -  One book on that shelf. Each 

row has ~1,000 columns.
1. DRAM Cell = a single page in a book. 

This is the smallest storage unit (1 
transistor + 1 capacitor storing 1 bit).

- 64-bit data bus per channel

KEY TERMS
BUFFER = temporary holding area for data
- Row Buffer = build into memory chips, holds on row's rowth of data for fast repeated access
- DMA Buffer = region of system meory set aside for transfers between devices
- FIFO Buffer = Hardware queue for data moving between components

BUS = a set of electrical wires that carry signals between components.
- Width = how many bits can travel in parallel (like highway lanes)
- Examples: 

- DDR4 bus = wires connecting CPU to memory chips (64 bits wide)
- PCIe bus = wires connecting CPU to FPGA (512 bits wide for us)
- AXI bus  = wires inside the FPGA connecting modules

BUS MASTER = a device that can initiate transfers on a bus
- typically CPU is the master and everything else responds
- FPGA can also be a bus master via DMA (can request data from CPU)

PACKET = a chunk of encoded information.
- like an envelope: has destination address, sender info, and actual message inside
- Examples:

- PCIe TLP (Transaction Layer Packet) = data moving over PCIe includes address, length, type. The FPGA 
communicates directly to system memory via PCIe (this is called Direct Memory Access / DMA )
- Memory Write TLP = 
- Memory Read Request TLP  = FPGA requesting data from host; includes address within host
- Completion TLP  = host sends data to FPGA in response to FPGA sending a read request

- Network Packet  = data over ethernet/WiFi
- Not all communication uses packets: CPU talking to memory uses raw electrical signals, not packets

TX+, TX- , RX+ RX-  = transmit and receive, each using a differential pair
- Differential signaling = Instead of sending voltage on a single wire, we send the signal as the differenc+e between 

two wires
- Advantage: Noise affects both wires equally, so the difference remains clean
- This is why PCIe can run at very high speeds reliably

MMIO (Memory Mapped Input/Output) = make hardware devices look like addresses
-  " Input/Output"  (I/O) means communication with devices (keyboard, disk, FPGA, etc.)
-  "Memory-Mapped"  means we use memory addresses to talk to these devices

AXI4  slave = 

- regular memory read/write 

transactions (just electrical signals 

on the DDR4 bus, not "packets" )
-  Example: memory[0x1000] = 0x42 

?  CPU sends address + data on 

DDR4 wires

- Standard, not def ined by hs0_bridge

DDR4 Bus

- A high-speed, bidirectional highway that connects your CPU/memory to peripheral 
devices like graphics cards, network cards, and FPGAs.

- Each device has its own dedicated connection (not a shared bus)
- Each lane uses 4 wires: TX+, TX- , RX+, RX-
- 8 gigabits/second per lane with 16 lanes: 16 × 8 = 128 Gb/s raw bandwidth. After 

encoding overhead (128b/130b encoding): ~15.75 GB/s effective
- Host Initiated communication = MMIO

- typically sends packet "write this data t FPGA address X"
- for sending commands, small data transfers

- FPGA- Initiated communication = via DMA
- typically sends a packet " read data from Host address Y and send it to me"
- used for large bulk transfers, like HBM programming

Packets
- Each packet  has: Header (address, command type) + 
Payload (data)

- Example packet : "Write 32 bytes of  data to FPGA 
address 0xD000_0000"

Memory Controller

PCIe Root Complex

Routes PCIe to Memory 
Controller
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Conf igurable Logic

2586 CLBs

BRAM -  1 MB

HBM -  8 GB

URAM -  4.5 GB

- Contains which axons are 
f ir ing at this t imestep

- Empty at network 
initialization

- Written when 
network.step(input) is 
called, where input isn' t an 
empy list

- Stores current timestep's Membrane Potentials
- Initially zeroed during clear(), then updated at runtime as neuron integrates inputs
- Organization:

- 16 banks, each storing handling 4096, 72-bit words, each word handling the 36 bit membrane 
potentials of 2 neurons = 8,192 neurons per bank

- Example:
- Word 0 (address 0x000):

- Bit s [35:0]: Neuron 0 (h0) membrane potent ial = 0x0_0000_0000 (V=0)
- Bit s [71:36]: Neuron 1 (h1) membrane potent ial = 0x0_0000_0000 (V=0)

- Addresses:
- Full 17-bit  Neuron Address St ructure:

- [16:13] = neuron group (0-15)    ?  selects which of  16 URAM banks
- [12:1]  = word address (0-4095)  ?  selects which 72-bit  word in that  bank      
- [0]     = upper/ lower (0=lower, 1=upper) ?  selects which neuron in the word    

-   13-bit  HBM Synapse Address (stored in Region 3):
- [12:1]  = word address (0-4095)  ?  bit s [12:1] of  full address
- [0]     = upper/ lower neuron     ?  bit  [0] of  full address
- The group f ield [16:13] is NOT stored because the hardware uses parallel processing: Each of  the 

16 neuron groups gets it s own dedicated 13-bit  address f rom the 512-bit  HBM row simultaneously.

Region 1: Axon 
Pointers

- Per Axon:
- Where axon's synapse is 

stored in HBM
- How many rows this 

axon's synapses take in 
HBM (how many sets of 8 
or less synapses)

- Each row holds 8 pointers 
with 32 bits = 32 bytes per 
row

- Base Address: 0x0000
- The Start address in the 

pointer is relative to the 
synapse base address.

- Each axon gets its own 
row(s)

- Multiple axons '  synapses 
cannot share a row

Region 2: Neuron 
Pointers

- Per Neuron:
- Where neuron's synapse is 

stored in HBM
- How many rows this 

neuron's synapses take in 
HBM

- Base Address: 0x4000
- Output neurons also have 

synapse addresses (explained 
in region 3)

- The Start address in the 
pointer is relative to the 
synapse base address.

- Each neuron gets its own 
row(s) for synapses

- Multiple neurons'  synapses 
cannot share a row

Region 3: Synapses
- Each HBM row stores 8 synapses
- Each synapse is 32 bits [OpCode | Address | 

Weight]
- Base Address: 0x8000
- Synapse format (32 bits per synapse):
[31:29] OpCode (3 bits):
  000 = Regular synapse (send spike to another 
neuron)
  100 = Output spike entry (send spike to host)

[28:16] Target Address in URAM (13 bits):
  For OpCode=000: Index of target neuron
  For OpCode=100: Index of neuron to report 
(same as source)

[15:0] Weight (16 bits):
  Signed f ixed-point value

HBM EXAMPLE
Region 1: Axon 

Pointers
Axon 0 pointer (bytes 0-3):
  Binary: [31:23]=000000001, 
[22:0]=0000000000000000000
  Meaning: Length = 1 row, Start = 0x0000 
(absolute addr = 0x8000 + 0x0000)
  Hex value: 0x0080_0000

Axon 1 pointer (bytes 4-7):
  Binary: [31:23]=000000001, 
[22:0]=0000000000000000001
  Meaning: Length = 1 row, Start = 0x0001 
(absolute addr = 0x8000 + 0x0001)
  Hex value: 0x0080_0001

Axon 2 pointer (bytes 8-11):
  Hex value: 0x0080_0002

Axon 3 pointer (bytes 12-15):
  Hex value: 0x0080_0003

Axon 4 pointer (bytes 16-19):
  Hex value: 0x0080_0004

Axons 5-7 (bytes 20-31):
-   All zeros (unused)

Region 2: Neuron 
Pointers

Neuron 0 (h0) pointer:
  Length = 1 row, Start = 0x0005 (absolute = 
0x8000 + 0x0005 = 0x8005)
  Hex: 0x0080_0005

Neuron 1 (h1) pointer:
  Hex: 0x0080_0006

Neuron 2 (h2) pointer:
  Hex: 0x0080_0007

Neuron 3 (h3) pointer:
  Hex: 0x0080_0008

Neuron 4 (h4) pointer:
  Hex: 0x0080_0009

Output neurons o0-o4 (neuron indices 5-9):

Neuron 5 (o0) pointer:
  Length = 1 row, Start = 0x000A
  Hex: 0x0080_000A

Neuron 6 (o1) pointer:
  Hex: 0x0080_000B

- ... (similar for o2, o3, o4)

NETWORK COMPILATION

USER CODE
f rom hs_api import CRI_network
network = CRI_network(axons, connections, config, outputs, target="CRI")

hs_api INTERNALS

hs_api/api.py: CRI_network.__init__()                          
- Validates network structure
- Creates connectome object
- Calls: from hs_bridge import network
- Instantiates: self.CRI = network(...)

hs_bridge NETWORK CLASS
hs_bridge/network.py: network.__init__()                        
- Calls compiler to generate HBM data
- Calls controller to program FPGA

fpga_compiler HBM DATA GENERATION

hs_bridge/FPGA_Execution/fpga_compiler.py 
- create_axon_ptrs(): Builds axon pointer array
- create_neuron_ptrs(): Builds neuron pointer array
- create_synapses(): Builds synapse data array
- Output: NumPy arrays ready for DMA transfer

fpga_controller FPGA PROGRAMMING
hs_bridge/FPGA_Execution/fpga_controller.py
- write_parameters_simple(): Programs neuron counts
- write_neuron_type(): Programs neuron model parameters 
- clear(): Zeros URAM 
- [Calls dmadump to transfer HBM data]

DMA LIBRARY (PCIe TRANSFER)
hs_bridge/wrapped_dmadump/dmadump.py
- dma_dump_write(data, length, ...): Sends data Host? FPGA
- Underlying C library interfaces with Linux kernel driver

FPGA HARDWARE MODULES
Verilog Modules (synthesized into FPGA fabric):
- pcie2f ifos.v: Receives PCIe packets ?  Input FIFO
- command_interpreter.v: Parses commands, routes data
- hbm_processor.v: Writes data to HBM
- internal_events_processor.v: Writes data to URAM

Region 3: Synapses
Synapse 0 (bytes 0-3): a0 ?  h0, weight=1000
  [31:29]=000, [28:16]=0 (h0 is neuron index 0), [15:0]=1000
  Binary: 000_0000000000000_0000001111101000
  Hex: 0x0000_03E8

Synapse 1 (bytes 4-7): a0 ?  h1, weight=1000
  [31:29]=000, [28:16]=1, [15:0]=1000
  Hex: 0x0001_03E8

Synapse 2 (bytes 8-11): a0 ?  h2, weight=1000
  Hex: 0x0002_03E8

Synapse 3 (bytes 12-15): a0 ?  h3, weight=1000
  Hex: 0x0003_03E8

Synapse 4 (bytes 16-19): a0 ?  h4, weight=1000
  Hex: 0x0004_03E8

Synapses 5-7 (bytes 20-31): Unused
  All zeros: 0x0000_0000

Complete row as 256-bit hex value:
0x0000_0000_0000_0000_0000_0000_0004_03E8_0003_03E8_0002
_03E8_0001_03E8_0000_03E8

pcie2f ifo.v

Memory Write TLPs get sifted through pcie2fifo and stored in FIFO

AXI4 512-bit

command_interpreter.v

FIFO

Just def ining all axon pointers, neuron pointers, and synapse information (if  its 
presynaptic to an output neuron or not, the postsynaptic neuron's membrane 
potential address in URAM, and the weight of the synapse) 

1. spk2ciFIFO -  17-bit wide FIFO
    -  Spike FIFO Controller ?  Command Interpreter
    -  Carries neuron spike addresses
  2. ci2hbmFIFO -  280-bit wide FIFO
    -  Command Interpreter ?  HBM Processor
    -  Carries read/write commands for synaptic memory
  3. hbm2ciFIFO -  256-bit wide FIFO
    -  HBM Processor ?  Command Interpreter
    -  Returns read data from synaptic memory
  4. ci2iepFIFO -  34-bit wide FIFO
    -  Command Interpreter ?  Internal Events Processor
    -  Carries neuron read/write commands
  5. iep2ciFIFO -  33-bit wide FIFO
    -  Internal Events Processor ?  Command Interpreter
    -  Returns neuron voltage data


	CRI_Stack_During_Network_Compilation
	Page 1


