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48 Years of Microprocessor Trend Data
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o SAE: 0 XHH(HE 22 E)0] 22 XHAM(HE2]) SA H2

o 0{HE21:2EM X3 (CI2 XLl £2|9 5AH)
o 0 1: data race, use—after-free, instruction reordering, ---

o 0 2: deadlock, livelock, -
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SI=FIN 24 BHEL He)

S HDL
CHS&eU
X = HDL @
| "~ Clash SpinalHDL %
Verllog SystemVerilog :> Dahlia
VHDL

V¥ XILINX
iA VITlS iy Catapult
KAIST




7|1& SIEHI0 A LEE

o SIE=SO] 7|2 A0{ (HDL)

o SIEYNH 7IEVIS LHE EX2 7

o FSMZ Hast/| ?1gt 21017} HDL

e O|Al: FIR Filter

x[n]—p 77 | 2 >z

\ Y A

q
Ry Y

_»@_> ............. . y[n]

AEQ 7|1 Al (FSM)

3290 TAZ J|=0dl= YAl
e Zicycled =2 SMZ Jl=
o HEMZ register/wire =0 A

=

-
J

always_ff @(posedge clk) begin
if (reset) begin
for(int i=0; i<41; i++) begin
reg_X[i] <= {16'b0}; reg_yJi] <= {32'b0};
end
acc<=0;
end
else
for (i=40; i>0; i=i-1) begin
reg_x[i] <=reg_x][i-1];
end
reg_x[0] <=din;

acc <= 0;

for(int i=0; i<41; i++) begin
acc <= acc + reg_X][i]*coeff]i];

end

end KAIST -
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Windowing

Multiplying

Buffering




2ha: X7 AS712| H0lE =&

in (Example: FIR Filter)

let out =
.window()

.buffer()
.map(y = Zy[i])

.map(x = [x[0] * C[0], x[1] » C[1], ---

1)

HO|E S &: ®MAXQI 010 C| ]
Map/reduce, Spark




HIO|E S5 AEHE SI=RI €A (1980'EHEE)

OI

let out =in
.window ()
.map (|x| x.zip(coeff).map(mul))
.buffer()
.map (x| x.sum());

o 3 Eo|HEM/SAINES “ZEI|I"E HEH (cf. map/reduce, Spark)
o ENM7} Ol Z2IA

o XFEO|OFC 7HE Fd=l

e FPCA (1981-1995): functional programming + computer architecture

o =0 ICFPE B4 (CS Top)
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HO|H =&

o ZH:D=E7t
o OfH|: Valid/Ready Z=2EE

0]

O} & O

- O

HIOlE] HE

oLt o=

e |

HiolE] EE =H

_
=

-~ payload
_ valid (1b)

ready (1b)

2 H|0|E F=11EY

X

X

—

X

out Z0M 2=

let out =in
.window()
.map(|x| x.zip(coeff).map(mul).sum());

payload
valid (1b)

ready (1b) -

[¢] input port ¥ output port

ZH|7} FHCE

window/map0| A {2 AH| &X|?
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ol Z=H: ShakeFlow (ASPLOS 2023)

Map/reduce 2EtY S8 Z§H7|

let o = (i1, i2).mux(); 7|2._E
1  let o.fwd = (i1.fwd, i2.fwd).mux();
2 | let il.ready = o.ready;
3 let i2.ready = o.ready & !il.fwd.valid;

Muxe—=

@ 1  let o = (i1, i2).mux();
I ' 47Ol
Verilog %HTL Verilog, FIRRTLZ Z It

U

™
ob
1
19
N
o
~

ShakeFlow: Functional Hardware Description with
L. itive | face C i




leti1: ValidReady<u8> =
let i2: ValidReady<u8> =

i1.map(v i v”"42);
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u8

8 bits

KAIST



// Example: transformm payload (XOR 42)

us i1. map(Vl—>v 42);

8 bits

(2) Ot&E MS 7

valid

payload ’/ +

2O 2: Valid<u8> FI2: Ready

= ValidReady<u8>

KAIST




// Example: transforming payload (XOR 42)
let i1: ValidReady<u8> zpmmsi
u8 let i2: ValidReady<u8> §i1.map(v ~ v * 42);

8 bits

- —— oy,

|
: payload
et —— XOR 42
valid — valid
payload ]
e / + = ValidReady<u8> B

2O 2: Valid<u8> FI2: Ready




—l map: ——m» .

——— y o yr42 [————

r
fol
2
N
M
o
m
N
i
I
rr
)
=
m
o
2
il

7|2 EI u8 bool D
[0] [1] [N-1]
- > < > B —
S EtY [T; N]
valid: bool ready: bool
payload: T / {
T2 ER Valid<T> Ready D
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Tt (validReady<T>)

(
valid
payload /
R ———————
\ 7
~ //
Fwd: Valid<T> AR .
S 7/
N, o >
- / \
\
I/ . Bwd: Ready
\
ready

—— o — oy

|y > V42—

i > map: ——> .

Fwd: T R ’

Bwd: void

empty

KAIST




fsm let ingress: | = --+;
let egress: E = ingress.fsm(init_state| [comb_logic);
Ingress Fwd Egress Fwd
—_— >
- - comb_logic: fsme| Xt =2| &4 (pure)
Ingress Bwd Egress Bwd
Ingress forward Egress forward
State Next state
Egress backward Ingress backward
Current state Next state
state

KAIST




(3) =271 2toj 2212 ol x|

gol

H=E F0Z

map: payload

(42

_—

ot

let ingress: ValidReady<T1> = --+;

.map(v v "42)

let egress: ValidReady<T2> = ingress

map= fsmez 2§

Valid<T1> pa\,\oad £ T1 - T2 ~_ Valid<T2>
— > >
% /

< -
Ready Ready
(&Ef= HIUS)

.fsm(void,|map_comb(v = v " 42)));

Implemented as

map_comb(f): map2l X& =2 &=
f: T1 - T2
\ <
identity alid
> <
identity Read
identity 0id




Ol Hl: tx_checksum (Corundum 100Gbps NIC)

map fsm map fifo map

s_cmd :.EMO% éFFM?,::M4<—:M5

M1 = M2
Y,
S_ax1s r—— duplicate M7 e—=| M8

i

M6 k
I M9 [@IM10[e=M11 = M12[g= m_axis

]

\

axis_rr_mux axis_rr_mux| fsm filter_map buffer_skid

filter_map fifo

Verilog let (csum_in, data_in) = ---.duplicate(); (M2

Monolithic,

requiring manual plumbing

let csum_out = csum_in
fsm(calc_csum_init, calc_csum)
58 ot el 1Y .map(serialize)

csun_in_csun_reg[7:0] <= ~sun_acc_temp[15:8];

com_in. s e8] <= s gl fifo::<CHECKSUM_FIFO_DEPTH>() <—— M4

end else begin

- M3

csun_in_csun_reg(7:0] <= ~sum_acc_temp[7:0]; (d i | i ) ; M
csun_in_csum_reg[15:8] <= ~sum_acc_temp[15:8]; " ma p eserl a Ize y <_ 5
end
csun_in_offset_reg <= sun_offset_reg[LEVELS-2];
csun_in_enable_reg <= sun_enable_reg[LEVELS-2]; <— M6

csum_in_valid_reg <= 1'b1;
sum_acc_reg <= 0;
end else begin
sun_acc_reg <= sum_acc_temp;
end
end

o let data_out = data_in.--+; M7-M8

(csum_out, data_out).axis_rr_mux(); MO

—
end
end
/1 checksun FIFO
axis_fifo #(

.DEPTH(CHECKSUN_FIFO_DEPTH),
)

csun_fifo (
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s A+ CPU

e RISC-VBOOM CPU: Z&st M| &2 =T
o HHAZELQ} HIEXHH X2l
o 10THAIS| mHo|Zatel THAIS

=

m
x

Fetch Issue Register Read ecute Memory Writeback

(4 cycles) D$ Shim
=)

SAQ
—IITT1ISbR
TITTILAQ

2—»| =3 Memcalc

2

2

I moizatel o=y B3 27t

s "r HESX XIHA|ZH S OIEI 0| A

Hl=X1H M2 23 &=

ALU To Int
-] "

X
X
1
x2 | E—=8RIALU
— To Int/FP
RF
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22 Ei0L2 AT AN S

H&M M B 2| (PLDI 2023, PLDI 2021)
SIESI0 (ASPLOS 2023)
M 22| X§EL (OOPSLA 2023, SPAA 2023, PLDI 2020)
oSt M| B 2| (PLDI 2022, PLDI 2019)
2ot A4S (POPL 2022, POPL 2020 x 2)
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