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1. scale_uart.py Address Mapping

su_conv_control(self, I, F, W, B, R, vaddr, caddr):

su_fc_control(self, F, W, B, R, vaddr, faddr):

f su_pool_control(self, I, F, R, vaddr, paddr):

scale uart.pyOlM E= 9 datas0| O3S address&
commands # OFL|2} input matrix2| size@t channelOf 2t

o 4+ =2 THSALL,




2. Modules

2.1. conv_module

conv_module
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2.1.1. Data Saving
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2.1.2. Computing

4x4 systolic arrayS AF2SFSICE 0]O] BLOCK RAMO| X ZE H|O|E{E EH0t2E COMPUTE WLOAD
state@t 2tOI2 H|O|EHE HIEHCZE ALES AWS= COMPUTE ONGOING stateE LbFO0{A 34}
Act  Ojmf s ax1s TDATAREE  KEBE  weightS2 BF AM2stm LB LA
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7| Mj2o|ct. & 97fe| ZUSS oret st
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2.1.3. Pipelining, Parallel(3D) Systolic Array
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2.2. fc_module

2.2.1. High-Level FSMs: su_fc_control() & fc_module.v

su_fc_control()
Function Call

- [ done_response

COMMAND_IDLE ’

start_response [ fc_start, COMMAND=1

COMMAND_GET_F '

F_writedone / COMMAND=2

COMMAND==0 / -

COMMAND_GET_B '

B_writedone [ COMMAND=4

COMMAND_COMPUTE

fc_done |
done_resonse, !fc_start, COMMAND=0

Irstn

COMMAND==1/ -

COMMAND==2 / -

COMMAND==4 [ -

Idone_response / start_response

s_axis_tlast / F_writedone

s_axis_tlast /B _writedone

f dgd Z0] scale_uart.pyoﬂ A= su fc control ()
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2.2.2. Intra-Module FSM: fc_module.v

COMMAND_COMPUTE

Yes

STATE_GET_ W data_send_counter STATE_DONE
- - < OUTPUT_SIZE/4 ?

[fc_done]

weight_get_done
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STATE COMPUTE . /‘data_buff_counter
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- STATE_IDLE
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cycle O|= STATE GET WZ transition®tC}.
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o

B E dataE Cf 2™ weight get doneZ assertdt| STATE BIAS SET2E transition®tCl.
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extensiondt®] psumOf XZ&BICE O|F bias set doneg assertdt0] STATE COMPUTEZR

transition®HLCt.



- STATE_COMPUTE

Of cycleOtC BRAM_F, BRAM_WO|A| 32-bit dataE &1 O|2EE 4749 [+W term2
combinational logic2 2 A 4t5t0 psumOf CStCE Ol accumulatel| latency= INPUT SIZE/4

cycleO|C}.
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transition®tL},
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2.3. pool_module

2.3.1. Overall Operation

o1

scale uart.py%lA su pool control() &2l pool startZt 10| E[H pool moduleO|
&2 AMESBICE pool module WOIAME= s AxTs TREADYQt S axIs TvaLipt 25 10|H
s ax1is TDATAS| HIO|HE &7| A|Z3StL, input matrix2| sized| M2t & F 7H2| row”tX| F&
Hoz MY + UEE temp regE ALESI0] FSGIRACL HIOHE Z& ot XY ota
poolingg +=¥dst= Z0| OtL|2l, poolingO| 7hs%t BHE2| HO|E{7t 2O0|H CO|HE #31t &
A0 pooling resultE WELW= real-time A4t HAS XHEASIRALCE pooling module LHOf
(input size*input size*input channel size) ) /40| SHESt= num_input% x—|o|o|.M_|_
counter?t O|2Ct HHXIH ZE LHO|HE 21 pooling AME W ZHO|EE pool donelt

—
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2.3.2. find max task & input_size Handling

Pooling@ filter sizee 2x22 1HE[0f UA7| WE0], 4742| 8bit RAE BHOF max HLHS
= find max2te taskE FOISHRALCE Inputl| row otLt7F 25 E0i2 = 1 LS
L 7§ 0|2 MOMCH find max HACl ALl €IS m axis tdata reg? YR indexO
FEE FASIQCE HIO|H & 32bitY S0 27| W20 s axis TpataE ot # 2= 0| matrix
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pooling modulel| input2Z SO0 2E matrixB2 sizeZl 4x4, 8x8, 16x16, 32x32& 2HI k[0
W71 M=o, 2t Z20| M2t find maxE FTHMHFT= AL indexs52 CH=H HESIHRULC
Matrix2| input size= scale uart.pyOlAQ| rFLENO| SiHStL, input channel sizes
1N cHO| SHESICt O] Z4E2 pool apb.vOA 21, O|E pool modulel| inputlZ HAHZ
T UAEE FAHSHRALE



3. Contribution
- 0| (fo)
— merge two controllers in Lab7 into one, simplify MAC without using module

Lab70{ A Compute Unit Controller (CUC) S Memory Unit Controller (MUC)E O|&3}0{ fc
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— find_max task design, minimal usage of reg without bram, real-time max pooling

.
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- 4ZFE (conv)

— im2col, systolic array, weight load-compute pipelining, 3D systolic array using genvar
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