
PS

AXI-Full Interface

External Interfaces

URAM
(64 blocks - 288Kb each - 4K * 72 bits per block - total 18.4 Mb.)

BRAM
(144 blocks - 36 Kb each - 512*72 bits per block - total 5.1 Mb)

Transformer Logic

Compute QKV
Qh = WQ · x
Kh = WK · x
Vh = WV · x

MAC Array (Multiply–Accumulate operation) 
And Compute Blocks (LUTS, etc)

Q·Kᵀ attention scores
(Sₕ = Qₕ · [K₀ | K₁ | … | Kₜ]ᵀ) → 

attention scores (1 × t)

Value scaling and Clamping
S  h= Sₕ*logit_scaleQK

Softmax
(P  h= softmax(Sₕ))

Head Concatenaton 
(O = [0 |  . . .  |n-1]) -- O = [1, dhead*H]

Value Aggregation
(Oₕ= Pₕ · [V₀ | V₁ | … | Vₜ])

Multi-Headed Computation

Re-Quantize
(int8 <-- int32)

Head 0

Q·Kᵀ attention scores
(Sₕ = Qₕ · [K₀ | K₁ | … | Kₜ]ᵀ) → 

attention scores (1 × t)

Softmax
(P  h= softmax(Sₕ))

Value Aggregation
(Oₕ= Pₕ · [V₀ | V₁ | … | Vₜ])

Re-Quantize
(int8 <-- int32)

Head n-1

Re-Quantize 
({O' == int8} <-- {int32 == O'})

Multi Layer Perceptron (MLP) / Feed-Forward Network

Residual Add 
(Y1 = O' + x)

Layer Normalization 
Y1ₗₙ = LayerNorm(Y₁, γ1, β1) = ((Y₁ − μ1) / √(σ1² + ε1))·γ1 + β1

Re-Quantize 
({X == int8} <-- {int32== Y1ₗₙ})

Weighted Matrices
(WQ, WK, WV , WO , W1 , W2)

Vectors and Intermediates
(x,  Pₕ, Qₕ, Kₕ, Vₕ, O, O', 

Uafter_RELU)

Tensor Reformatter (Pre MAC)

Tensor Reformatter (Post MAC)

Vectors and Intermediates
(QVK, Oₕ, O', U, F)

Kh =  [1, dhead]
Vh =  [1, dhead]
Qh =  [1, dhead]

Cache size = C
[K₀ | .. | Kₜ]T = [C, dhead]
Sₕ = [1, C] (int32 each)

Sₕ = int16
Pₕ = [1, C]

P  hint16 per entry

dhead = dmodel/heads

[V₀ | .. | Vₜ]= [C, dhead]
Oₕ = [1, C] · [C, dhead]

Oₕ = [1, dhead] (all 
int32)

Output Projection
(O' = O*Wo) 

Wo = [dhead*H, dmodel], O' = [1, dmodel]

GELU or RELU 
(Activation function from LUT)

U = (X * W1) + Hidden Layer Bias
 (W1 = [dmodel, dff] X = [1, dmodel], U = [1, dff])

 F = (Uafter_RELU * W2) + Hidden Layer Bias
(W2 = [dff, dmodel], Uafter_RELU = [1, dff], F = [1, dmodel])

Residual Add 
(Y2 =F + x)

Layer Normalization 
Y2ₗₙ = LayerNorm(Y2, γ2, β2) = ((Y2 − μ2) / √(σ2² + ε2))·γ2 + β2

Re-Quantize 
({ Y2ₗₙ == int8} <-- {int32 == Y2ₗₙ})

Output to AXI-Stream

Trigger Next Layer and Input to "Multi-
Headed Computation"

De-Quantize
({X == float32} <-- {int8 == Y2ₗ }n)

Inference Done? Multiplexer

Back the Head
 Output = Wlogit * X

Start of Head Comp

AXI-Stream Interface

AXI-Lite Interface

1/0

BRAM Ping-Pong FSM (Controller)
(Toggles active buffer)

Skid Buffer

Slave Buffer

dma_addr [31:0]
(latch once dma_busy is low)

AXI4-Full writing to DMA ports - [BASICLALY UNUSED BY US]

dma_len - Beat/Burst [31:0]

target_uram_enable

dma_start

A Bank A Bank B Bank

Why split into A and B banks?
Whilst the A bank is being used for compute, the B bank can fetch the next tile, 

ensuring continuos flow of data without having to wait an entire cycle for the next 
tile. Vice Versa applies (B being used for compute, whilst A is fetching)

dma_done

Clock / Reset Wizard (MCMM / PLL + CDC)

Tvalid_in

 Scheduler FSM

Memory

AXI-Lite Interface

User

(Via USB Keyboard/Serial Terminal)

UI/CLI 
Thread 

Manager

SD Card

Inference Engine Thread

Internel Logic

PackLoader

Pack 1 (Math Q/A)

Pack 2 (Python Generator)

Internal State

KV Cache DDR Address

Tokenization/Detokenizer

Model Config

Token Offset

Responce/Command Handler

Hardware Abstraction Layer (HAL)

DMA Controller

AXI-Lite Driver

AXI-Stream Driver

AXI-Stream 

AXI-Full

cntrl_start

dma_done

compute
_done

streamIn_done

streamOut_done

rst_core_n

dma_start

stream_in_enable

streamOut_enable

dma_err

TData

Logit Packer
(Tkeep/Tstrb 

Gen)

Context Window

Tready_out

TReady_in

/dev/axi_stream_out

AXI-OUTPUT (EGRESS)

/dev/axi_stream_in

AXI-INPUT (INGRESS)

IRQ

clk_core

Inputs

D
M

A

Write Address (PS -> PL)

Write Data (PS -> PL)

Write Response (PL -> PS)

Read Address  (PS -> PL)

Read Data (PL -> PS)

full_control_regs

full_status_regs

AW_ADDR [31:0]
What is the control register I am writing to?

AW_VALID
PS asserts when address is valid

AW_READY  (PL -> PS)
PL asserts when it’s ready to accept the address

WDATA [31:0]
The actual data to write

WSTRB [3:0]
Byte enable (which bytes of the word are valid)

WVALID
PS asserts when data is valid

AXI-StreamOut 
bus

AXI-StreamIn
bus

WREADY  (PL -> PS)
PL asserts when it’s ready to accept data

BRESP [1:0]
Response code (OKAY=00, SLVERR=10, etc.)

BVALID
Indicates the response is valid

BREADY  (PS -> PL)
Indicates PS is ready to accept the response

AR_ADDR [31:0]
Address of the register to read

AR_VALID
PS asserts when address is valid

AR_READY  (PL -> PS)
PL asserts when ready to accept the address

RDATA [31:0]
The data read from CSR

RRESP [1:0]
Response (OKAY, SLVERR, etc.)

RVALID
Indicates valid data
RREADY (PS -> PL)

Indicates PS is ready to accept data

lite_control_regs

lite_status_regs

lite_write_data_pointer

lite_read_data_pointer

cntrl_soft_reset

cntrl_layer_idx

AXI Flow INTO URAM (internal to interface)

AXI Flow FETCHING from DDR (internal 
to interface)

dma_error

AXI-Lite 
bus

AXI-FULL bus

Control Unit Memory Space

Control Unit Addresser
(only used by AXi-lite)

cntrl_start
Start driven by axi-lite

cntrl_layer_idx
Current layer index to process

cntrl_soft_reset
reset driven by AXI-lite

32 bits / register

STATUS_register

IRQ_STATUS
Interrupt status flags (write 1 to clear)

NUM_HEADS 
(number of heads per layer)

DMA_LEN_TILE
Transfer length in bytes/beats for each tile (length == tile length)

SCALE_Q
Quantization scale for Q tensor

ZeroPoint_Q
Zero-point for Q tensor

SCALE_K
Quantization scale for K tensor

ZeroPoint_K
Zero-point for K tensor

SCALE_V
Quantization scale for V tensor

ZeroPoint_V
Zero-point for V tensor

Internal Signals:
Green Lines == Flow into

Purple Lines == Flow Out of 

streamIn_done

clk_stream_in (for ingress logic)

rst_stream_in (for ingress logic)

clk_core

rst_core_n

enable_ingress

Skid 
Buffer

target_BRAM_address/data/
enable

streamIn_ready

streamOut_ready

streamIn_ready (Idle Flag)
TLast_beat

Master Buffer

Packet FSM

(TLAST Generator)
(Counts Transfers)

TLast_out
Tvalid_out
TKeep_out

TData_out

axi-clock (CLOCK from PS)

axi-reset_n (RESET from PS)

Output from Wizard (PL clk)

Input clock from AXI (PS clk)

PL Checklist TODO:
1. AXI-FULL interface (Completed)
2. IRQ Wizard (Completed)
3. Scheduler FSM connections and internals
4. URAM and BRAM Addressing Connections and internals
5. Clock and Reset Wizard Connections and Internals (Complete)
6. Create Weight Loader and Stager NOT IN CONTROL Unit (Complete)

M_AXI_AWADDR [32 or 64]
Write Address Channel (DMA <-)

M_AXI_AWVALID [1 bit]
Write address valid (DMA <-)

M_AXI_AWREADY [1 bit]
Write address valid (DMA ->)

M_AXI_WDATA [64 to 512 bits]
Write Data Bus (DMA <-)

M_AXI_WSTRB [8 to 64 bits]
Write - Byte enables for writing (DMA <-)

M_AXI_WVALID [1 bit]
Write data valid (DMA <-)

M_AXI_WREADY [1 bit]
Write data valid (DMA ->)

M_AXI_BRESP [2 bit]
Write  Response code (OKAY=00, SLVERR=10, etc.) (DMA ->)

M_AXI_BVALID [1 bit]
Write  Response Valid (DMA ->)

M_AXI_BREADY [1 bit]
Write  Response Valid (DMA <-)

M_AXI_ARADDR [32 or 64]
Read Address Channel (DMA <-)

M_AXI_ARVALID [1 bit]
Read address valid (DMA <-)

M_AXI_ARREADY [1 bit]
Read address valid (DMA ->)

AXI4-Full response from DMA ports

AXI4-Full reading from DMA ports

M_AXI_RDATA [64 to 512 bits]
Read Data Bus (DMA ->)

M_AXI_RRESP [2 bits]
Read Response (DMA ->)

M_AXI_RVALID [1 bit]
Read data valid (DMA ->)

M_AXI_RREADY [1 bit]
Read data ready(DMA <-)

axi-clock (CLOCK from PS)

axi-reset_n (RESET from PS)

target_uram_address

target_uram_data

Send output to staging, and 
record address in BRAM

(mac_write_done)

rst_core_n

irq_src_done
Indicates core finished inference/

token output

irq_dma_done
Indicates DMA transfer completion

irq_src_error
Signals protocol or overflow error

clk_core

Outputs

irq_ps
Main interrupt line to ARM processor

irq_ps
Main interrupt line to ARM processor

irq_enable
Bitmask controlling which events can 
trigger IRQ (listening to IRQ_ENABLE 

register)

irq_clear
Listens to IRQ_STATUS register, to see 

if we need to clear irq_ps signal

IRQ_ENABLE
Interrupt status flag. Bit mask for allowing certian types of interupts (eg, enable - b'101 == allow dma, and compute error)

STATUS_errorSTATUS_busy
STATUS_layer_done

(this exists for debug purposes only)
STATUS_inference_done

Control Unit 

NUM_LAYERS 
(number of total layers)

WQ_BASE_ADDR
(Location in DDR of the base address for the Wq matrix)

WK_BASE_ADDR
(Location in DDR of the base address for the Wk matrix)

WV_BASE_ADDR
(Location in DDR of the base address for the Wv matrix)

WO_BASE_ADDR
(Location in DDR of the base address for the Wo Concat matrix)

FFW1_BASE_ADDR
(Location in DDR of the base address for the W1 matrix used in the FFN)

FFW2_BASE_ADDR
(Location in DDR of the base address for the W2 matrix used in the FFN)

K_CACHE_BASE_ADDR
(Location in DDR of the base address for the K cache)

V_CACHE_BASE_ADDR
(Location in DDR of the base address for the V cache)

TILE_SIZE

LAYER_STRIDE
(The size of one layer in DDR memory)

HEAD_STRIDE
(The size of one head in DDR memory)

TILE_STRIDE
(The size of one tile in DDR memory)

dma_busy
internal register checking if current dma is is 

busy, but is ported out to schulder

Weight Stager / Loader

Addrsss Select Mux

WL_address_select

Layer/Head/Tile Strides
(from Control Mem)

Layer/Head/Tile Count
(From Scheduler)

WL layer/head/tile counts

DMA_addr layer_stride*layer_count + head_stride*head_count + tile_stide*tile_count

loader_calc_complete

dma_busy 
& loader_calc_complete

STATUS_register

clk_core

rst_core_n

clk_generator (for PL clock)
clk_Syncronizer (for PS and 

PL clk)

axi-clock (CLOCK from PS)

clk-core (CLOCK for PL)

 URAM Bank A - AGU  URAM Bank B - AGU BRAM Bank A - AGU BRAM Bank B - AGU

URAM Ping-Pong FSM 
(Controller)

(Toggles active buffer)

set_read_bank_a_active set_read_bank_b_active

mac_read_bank_a_done mac_read_bank_b_done

set_read_bank_a_active

set_read_bank_b_active

enable_mac_read_bank_
a

enable_mac_read_bank_
b

start_pipeline_stage_N

start_pipeline_stage_N

Data from Bank A/B 
depending on enable 

signal

mac_write_donestream_write_done

enable_mac_read_bank_a

mac_read_bank_b_donemac_read_bank_a_done

enable_mac_read_bank_b

enable_mac_write_bank_a/b

enable_mac_write_bank_a/b

bank_select_in

enable_stream_write_bank_
a/b

Sₕ = [1, C] (int16 each)
Sₕ = Sₕ/(√dhead)

Current KV write-back to 
DDR (Adding to context 

window)

Re-Quantize
(int8 <-- int32)

W = [dmodel, dmodel]
x = [1, dmodel]

K, V, Q =  [1, dmodel]

LOGIT_SCALE_QV
Quantization scale for QK step in multi attention (computed on PS side as sq*sk*√dhead)

Value scaling and Clamping
S  h= Sₕ*logit_scaleQK

Compute QKV
Qh = WQ · x
Kh = WK · x
Vh = WV · x

Current KV write-back to 
DDR (Adding to context 

window)

Re-Quantize
(int8 <-- int32)

Re-Quantize 
({X == int8} <-- {int32== Y1ₗₙ})

Layer Normalization 


