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0 aresetn

MOO_AXI — i}

M0O_AXI|_awaddr[31:0]
MOO_AXI_awlen[7:0]
MOO_AXI_awsize[2:0]
MOO0_AXI_awburst[1:0]
MOO_AXI_awlock[0:0]
MOO_AXI_awcache[3:0]
MOO_AXI_awprot[2:0]
MOO_AXI_awqos[3:0]
MOO_AXI_awuser[15:0]
MOO_AXI_awvalid
MOO_AXI_awready
M0O0_AXI_wdata[511:0]
MOO_AXI_wstrb[63:0]
MOO0_AXI_wlast
MOO_AXI_wvalid
MOO0_AXI_wready

: MOO_AXI_bresp[1:0]
MOO_AXI_bvalid
MOO_AXI_bready
MOO_AXI_araddr[31:0]
MOQ_AXI_arlen[7:0]
MOO0_AXI_arsize[2:0]
MOO_AXI_arburst[1:0]
MOO_AXI_arlock[0:0]
MOOQ_AXI_arcache[3:0]
MOO_AXI_arprot[2:0]
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ddra_0

|| + CO_SYS_CLK
iil— CO_DDR4_S_AXI

c0_ddrd_s_axi_araddr[31:0]
c0_ddr4_s_axi_arburst[1:0]
c0_ddrd_s_axi_arcache[3:0]
c0_ddr4_s_axi_arid[0:0]
c0_ddr4_s_axi_arlen[7:0]
c0_ddr4_s_axi_arlock[0:0]
c0_ddr4_s_axi_arprot[2:0]
c0_ddr4_s_axi_arqos[3:0]
c0_ddr4_s_axi_arready
c0_ddr4_s_axi_arsize[2:0]
c0_ddr4_s_axi_arvalid
c0_ddr4_s_axi_awaddr[31:0]
c0_ddr4_s_axi_awburst[1:0]
c0_ddr4_s_axi_awcache[3:0]
c0_ddrd_s_axi_awid[0:0]
c0_ddr4_s_axi_awlen[7:0]
c0_ddrad_s_axi_awlock[0:0]
c0_ddr4_s_axi_awprot[2:0]
c0_ddrd_s_axi_awqos[3:0]
c0_ddr4_s_axi_awready
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CO_DDR4 +
c0_init_calib_complete
dbg_clk
dbg_bus[511:0]
c0_ddrd_ui_clk




PULP(Parallel Ultra-Low-Power) Project

 ETH Zurich / Univ. of Bologna @ Prof. Luca Beniniod 7 A> = 7 k
https://github.com/pulp-platform/pulp
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https://github.com/pulp-platform/pulp
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O OBl (Open Bus Interface)

B A 27 —X
System VerilogDInterface X CEE I 115

{ wdata

\
/

{ rdata )

Manager : Bt
Subordinate: %

interface OBRI_BUS #(

parameter obi_pkg::obi_cfg_t OBI_CFG =
ObiDefaultConfig,
parameter type obi_a_optional_t =
parameter type obi_r_optional_t =
30

logic req:

logic reqpar;

logic gnt ;

logic gntpar;

logic | OBI_CFG.AddrWidth-1:8] addr;

obi_pkg::

logic,
logic

N/
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module obi_demux #( %Ei/‘l_}fﬁl] demux

/// The OBI configuration for all ports.

parameter obi_pkg::obi _cfg t ObiCfg = obi_pkg::ObiDefaultConfig,

/// The request struct for all ports.

parameter type obi_req_t = logic, FFINT A — RAEDFE
/// The response struct for all ports.

parameter type obi_rsp_t = logic,

/// The number of manager ports.

parameter int unsigned NumMgrPorts = 32'd0, A4 1 Subordinate & Manager& 54 ©
we) 22XV DEH, VerilogXETIZF AR D%
( input logic clk_i, PITCECRLEDLH S

input logic rst_ni,

input select t sbr_port_select i, Subordinate 74— b

input obi req_t sbr_port_req_i, /

output obi_rsp t sbr_port_rsp_o,

output obi_req_t [NumMgrPorts-1:0] mgr_ports_req_o, « —— Manager®H—
input obi_rsp_t [NumMgrPorts-1:0] mgr_ports_rsp_i);



demuxdEETRH L

assign obi_module_sel = (1s_range(SHARED_MEM_RANGE,
obi_bus.addr)) ? 2°b88 :
(is_range (OBI_REG_RANGE, obi_bus.addr)) 7 2'bo1:

(is_range (OBI_FPGA_RANGE, obi_bus.addr)) 7 2'b16:2’
b1l ;:

obi_demux_intf #(
.0biCfg(slmlet_pkg::0biCfg),
.NumMgrPorts(4),
.NumMaxTrans(2)
) demux_obi_periph (
clk_i(sys_clk),
.rst_nii(reset_n),
.sbr_port_select_i{obi_module_sel),
.sbr_port(obi_bus.Subordinate),
.mgr_ports{obi_modules_bus.Manager)

obi_module_sel

obi_bus

obi_module _bus



wrapper® gk

FRITY 2 —JLEEIR

wrapper

¥ module scanc_intf import obi_pkg::*,

scanc_intf #(
.0biCfg(slmlet_pkg::0biCfg)
) scanc_intfe (
.0bi_mgr (obi_shared_mem_sbrs[3].Manager),
.clk(sys_clk),
.rst_n{reset_n),

EEIIZA N %
P oL ECADA
AT 738 Uy

7N ENPYIST
OCH L

parameter obi_pkg::obi_cfg_t 0ObiCfg = obi_pkg::
ObiDefaultConfig
) (
input clk, rst_n,
OBI_BUS.Manager obi_mgr,
input [1:®] scanreq,

)

‘OBI_TYPEDEF_ALL (mgr_port_obi, 0biCfg)
mgr_port_obi_reg_t mgr_ports_req;
mgr_port_obi_rsp_t mgr_ports_rsp;
‘OBI_ASSIGN_FROM_REQ(obi_mgr,

slmlet_pkg::*;

#(

mgr_ports_req, ObiCfg)

‘OBI_ASSIGN_TO_RSP(mgr_ports_rsp, obi_mgr, ObiCfg)
SCallC #L
.0biCfg (0obicfg),
.mgr_port_obi_reqg_t ( mgr_port_obi_reqg_t ),
.mgr_port_a_chan_t ( mgr_port_obi_a_chan_t ),
.mgr_port_obi_rsp_t ( mgr_port_obi_rsp_t 7,

.mgr_port_r_chan_t ( mgr_port_obi_r_chan_t )
) scanc_6¢(
.clk(clk),
.rst_n{rst_n),

// Manager For SRAM

.mgr_port_obi_reg_oi{mgr_ports_req),
.mgr_port_obi_rsp_i{mgr_ports_rsp)
}.
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SL.M(Scalable Logic Module) & (£ ?

BEAN K CRAEPRDFPGA [FPL2014]
e Vv /) VERZEED LT

Configuration Memory D mhE S % &

TIENTZS
(NPN representation)
e k-input SLM T L X > kZ O(2K1).

« AJIPN circuitOBeIc L ) EIRTE 3
Oy o &, Configuration Memory®
EREBEDIML—FFT7E2ZERDZ L&

MTES.

input
PN circuit

21 bits
IM[M] .. .. [M|

~

e~

(k-1)-input PN M
LUT I;‘] Out

PN )
In;=
o _L
In, >
( J\ J )
Y Y Y
Inputs Small Output
controller LUT core controller

k-int SLM cell

10



RISC-V core

« CV32E40S. 5-stage pipeline, instruction/data cache.
s HBIEW LN, T T4 VIBEEFD

e cv32e40s_if stage.sv

e cv32e40s_id_stage.sv

e cv32e40s_ex_stage.sv

o cv32e40s_wb_stage.sv

« Standard I/O OBIZA|FH L TWLW 3 A, REIDIZAXI bus&{E
e DRAMA > 27 =X &Ny b7 — 7 ZI&Hyperbus
e XYy aDA VR T7—AFEREDOBIH EEA{F -7




A H 773 Z HyperBus/HyperRAM?

« HyperBus
« SPIOEMEERR. xSPIE £ (IN S
c BEODTF v I/OTHLENMNET 5
« ZZFZDHEEE(400MB/s:3.2Gbps). USB2.0. 1Gb Ethernet& [F12/E.
« HyperRAMA B 5 A BE.
* Free IPs "M TZ %
e FRER I E-HE Y MRITo TL AW
« HyperRAM
e fHAAAFADRAM, % % HDDR4/51%Edge ComputingllldFd —/N—X <y 7.
e 128Mbit.
« BIEHEES: 35uW sleep power.
« HyperBusIZBEE.



Hyperbus protocol (Read)

F Tt L E1. BAHLESVHIvay, YUTLBHLATYY AU b
2k cs# | \ [
|<—tRWR=Read Write Recovery—sre t acc = Access -I

cKébCK oo g
= Latency Count -| -I

High = 2x Latency Count

RWDS \ Low= 1xLatency Count /_\__/_\_/_

RWDS and Data
"I are edge aligned

DQ[7:0] (47:40X39:32X 31:24X 23:16X 15:8X 7:0) { On X Dn XDQ\HX o )_

|<—Command-Address—'| Memory drives DQ[7:0]

d RWDS
Host drives DQ[7:0] and Memory drives RWDS -

RWDSIZ 70O k 3JLgi#ELatency counth2fEMN 1 {EHADF = v I [ZEH N,
BETEADT—EDQICRAEALE=V B Y VIS



Hyperbus protocol (Write)

. B3 BEAALSUHHIDay, YUTLDELATUY AHU b
Fvot .
Hgst | \ [

|<— trwr =Read Write Recovery + tacc = Access -|

|- Latency Count nI CKand Data

High = 2x Latency Count are center aligned
RWDS \___ Low= 1x Latency Count [ \_f_\ /}
DQ[7:0] (47:40X 39:32X 31:24X23:16X 15:8 X 7:0 ) ( On X On XD?\” X O+ )

|<—Command-Addr eSS—’l Host drives DQ[7:0]

d RWDS
Host drives DQ[7:0] and Memory drives RWDS A

RWDSIZ 70O k 3JLgi#ELatency counth2fEMN 1 {EHADF = v I [ZEH N,
BETIIHEAT—IDQDT—EAIRYIZHD
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TL

RISC-V  cv32e40s Manager Subordinate

A

obi_bus

obi_modules_bus

conn=cter

obi_shared mem _sbr

JWNTCEY 22— I)LAEBESTTE A

assign obi_module_sel = (is_range(SHARED_MEM_RANGE,
obi_bus.addr)) 7 2'be6 :
(is_range(OBI_REG_EANGE, obi_bus.addr)) 7 2"b@1:
(is_range (OBI_FPGA_RANGE, obi_bus.addr)) ? 2'bi16:2°
b11 ;

obi_demux_intf #(
.0biCfg(slmlet_pkg::0biCfg),
.NumMgrPorts(4),
NumMaxTrans (2)

) demux_obi_periph (
.clk_i(sys_clk),
.rst_ni(reset_n),
.sbr_port_select_i{obi_module_sel),
.sbhr_port(obi_bus.Subordinate),
.mgr_ports(obi_modules_bus.Manager)
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Shell-Role Type Chip: A universal device for loT

_Shell

Fixed Region— The layout is

fixed

« Standard Interconnection
Network

« Switching Function

* Processor

« On-Chip Memory

Role

Switchable Region—
Depending on the application
- FPGA

« CGRA

- GPU

« Dedicated Hardwired Logic

Standard DRAM
Interconnection _;
Network f
> I
e Z1
> Switch 1!
) i
—>
—5
—>
—>

Standard
Interconnection
Network

Processor

f Accelerators (FPGA/CGRA/GPU)
|

!_!!!:III CEE E

Hardware
Accelerator



SLMLET : Shell-Role7” — 3 72 7 ¥ ®DProof of Concept

e M-KUBOSIZEdgeB&ERICIEB £ > 2T T3
« BT IFHFEAERRNE. HELTMiddle Class®FPGATH &L

e o &Ll F v 7% Shell-RoleB T1EA 5
—  SLMLET
« WYR 77U 4 —3< 3 encryption, decryption, anonymization, MQTT off-
loading, image filters---.
e Shell partiZfZZE#ERY © RISC-V. HyperBus, X EY
« Role partiz# U < FIILHHAIAIAFPGA : SLM (Scalable Logic Module)
e ) BHZISLMLET-1TIZSLMIZ/NBE
s NEEDFPGAZ TR ARRICFAHL £ |
« HyperBus®Fxw b7 =27 TILFF v 71
« Configuration datam it 5 SR B AL
« Configuration data® £ #5. BEfHEE
e A= RO FAVFERRRA S L= a Yy
» Body Biasz LN TFPGADRNEREERED ML — F A 7 % EI]




Shell part: Processor
We Selected RISC-V

Hyper RAM
8-bit Hyper Bus

o bt Hyper B¢US PHY 8-bit
- i —| Buffer 8IL Switch = 5/, g
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eFPGA (SLM)

[
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Designing Shell part: Interconnection and Memory

8-hit Hyner Bus

g
o bt Hyper B¢US PHY
Hyper Bus | | Hyper Bus - e BuE
- i — Buffer 8; Switch |« PHY

8-bit

S T

Hyper Bus
>

é )

eFPGA (SLM)

Wby
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Designing Role part:

We Selected RISC-V

8-bit
Hyper Bus

Hyper RAM
8-bit Hyper Bus

Hyper Bus PHY

Hyper Bus
PHY

!

Buffer & Switch

Hyper Bus

8-Dbit
Hyper Bus

PHY
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SLMLET-1DF

[~1
NG

(CoolChips24)

W SLMLET (SW) MSLMLET ®ESP32 1 Raspberry Pi Pico 09 A SLMLET(soft) 4 RP2040
%  SLMLET m GWINR-9
3 A350_ A‘\-t?'out 70us e ESP32
N =
L £ 300 - &

S

= 25 < £
GE) % A S,Q é 250 L\-
© NS 2 =3
= E 2 § O§) g 200
(- (@) C
s21s | ., S § w0
> % 2 100
Den 1 9
G.) 50_
c 2
Ll_l 0.5 0 - ...J\"\*

102 Y £
0 Log-scaled Latency (us)
sram_memcpy CRC32 AES128 Power consumption for each frequenc

Energy consumption at peak performance
e HW-enabled design archives best energy consumption for CRC32

. HQt\(ve\l/er, Ji[’ﬁllimits performance for sram_memcpy because of 16bit width memory I/F and AES128 because of SLM resource limitation and long
critical paths.

« Software-only design for AES128 still outperforms the other two commercial micro-controllers (ESP32 and Raspberry Pi Pico)
25
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SLMLET vs. SLMLET-2
I A A

SLM 16 X16DFPGA [P X2 32X24DFPGA IP X1

Configuration Data (bit) 103,880 % 2 323,632

NELAE Y 32KBx 2, 16KCPUEM 16KBx2way Data/Inst cache, 4AKBCPUEFH
16KB@E{EAR X €

RISC-V miniRISC-V cv32e40s

Pipeline 2-state b-stage

Process USJC_Cbh5DDCTOY USJC _Ch5LPTO7Y

RT A4 NA T RENEHGFE RT 434 7 ZEFAR L

DI H D

e FyTARIEBXAEY DS DIAFConfiguration Datafzik, Configuration Data/£#a
RER X E U IZx L TConfiguration Datah k&<, Bt v P ASG W
FPGA IPA 1@ 7% O T FERE (LT E AL
Z D Y HyperRAM A b D & RERk I Al gE—FE A L IFFE LRI 0

o RT A /NAT RHTH
« CH5DDCTOEIENEHh>TLE -7 !
« BEIMERR &L L TSRAM~ 7 oA/ NEBIML L 7=



Forgotten technigues in commercial FPGAS

* There are techniques which have been studied long time, but
never integrated in commercial FPGAs.

* Quick configuration exchange with multiple sets of configuration
data inside the chip.

« Configuration data compression and run-time decompression.
« Hardware context switch /Context migration.

They were implemented in SLMLET and we can try them.
The evaluation results were presented in CoolChips 2024.



The layout of SLMLET

e Crust partis placed on the upper half,
Core part is placed in the lower half. 4.2mm

« DMA, RISC-V, and switch is placed in
the center of the chip.

e 4.2mml] USJC bbnm LVT

8-bit Hyper Bus
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SLMLETdocked at PYNQ -Z2
e PySLMLET

« PYNQ-Z2 board works as SLMLET host

-valuation

\J

PYNQ-Z2 Board LI LinuxPC
s )
7~ Zynq SoC N\ = TUI App.
: y | Etherne pysimlet-tui
PS(ARM) [ PySLM LET ]< > PySLM LET
L Server [ Client ] Change
T133133113313 T TeStcondV
FEII;PGA) [ Controller ] |SLM LET <:I
Board Programmable Power Supply

Fully automated test and evaluation

« Developed Python driver to control HW on PYNQ-Z2 board

« PySLMLET-TUI for test automation

« Text-based Ul for testing with variable conditions (running software binaries,

voltage,

operational frequency, etc.)

31



-valuation benchmarks

« Used three applications

1. sram_memcpy
 Copies 16 KB data block on the shared SRAM

2. CRC32
« Computes CRC32 value for the given 1KB of binary data (polynomial 0x04C11DB7)

3. AES1ZS
 Encrypts one block of 128-bit plain texts

« SLM block part is designed with RTL implementation
« Software-only cases uses MiBench source codes



Summary

« We focus on novel MEC systems.

e« Now, SLMLET-2 providing more powerful FPGA/CPU is tape-
outing.

« Another Shell-Role type chip: Agile-X PF based on mlmmal
fab. is under developed (Another project) » " i o







-C(Multi-access Edge Computing)

5G/6G : low latency (< 0.5msec) and high bandwidth
—New applications treating timing-critical multiple jobs.
Low energy and low cost

Centralized
Cloud

5 G/6G base station m) MEC data center

Smart Meter

Town Area

curity (SECOM) N\ Wy O
BLE positioniny system l _ / -
C Distribut il 1 ’ § S
L - O E
poi- Health information

* & (TANITA)
t"a_E‘

Town

e

Bucycle
(AEON)
AEON Traffic N ’: 3
( ) collision W::?;:E&:‘I'ld'en e-money card ‘;/ Smart house with ‘energy
avoidance g (AECON) management system
(HONDA)
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Smart city
application

TP e SO

/

Edge Device

ﬁ _\

Investigating
Systems for
MEC

From chip to
architecture

5G COI’]tI’O| Sh%IIh—iI;oIe Sh%IIh—ilzole
Plane _ I x I J
- r “
Distributed OS Shell-Role Shell-Role
Job manager Chip Chip
\_ I I )
& M.Sugaya 2 w
K.Wakabayashi Shibaura Tech. | Shel-Role Shell-Role
U.of Tokyo Chip Chip
Poster/demo> J

Qﬁ User Plane

"

M.lida
Kumamoto U.

/

H.Amano
U.of Tokyo

Multi-Access

Edge
36/
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unsigned int* bitstream);
bitstram = loadBitstream(0, MEM_BANKO);

configurationSLMAsync(SLM_BLOCKQO, bitstream);

synchronizeConfigurationSLM(SLM_BLOCKO); C
resetSLM(SLM_BLOCKO); vy —R FIS1H R
startSLM(SLM_BLOCKO); | J74)L 74
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. A74Fab—2arvT—3zHFAT) EEIZHEAEL
printf("load bitstream\n");
unsigned int* bitstream = loadBitstream(0, USE_SRAM_BANK);
('bitstream) {
printf("failed to load bitstream\n");
1;

"o A T4 X1L—Y a0 T—EESIMIZZE A (EER)

printf("start configuration\n");
configurationSLMAsync(SLM_BLOCK®, bitstream);

synchronizeConfigurationSLM(SLM_BLOCKO);

printf("enable SLM\n"); IJ 17 Y, |\ Faﬁtlb‘1 1|=,

resetSLM(USE_SLM_BLOCK);
startSLM(USE_SLM_BLOCK);

4.SLM Memory mappedfBIEi~NDE 352

(1L =0; 1 < FPGA_REG_ COUNT i++) {
writeSLM(USE_SLM BLOCK, (Lnt*)(4 x 1), &write_data[i]);

printf("write data to SLM\n");

}
printf("read data from SLM:\n"); 5.SLM Memory mappedfBigh b DA H L

(L = 0; 1 < FPGA_REG_COUNT; i++) {
printf("FPGA Reg %d: o®8X\n , 1, readSLM(USE_SLM_BLOCK, (int*)(4 * i1)));
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