Setup

* A: Download the docker image
— Please follow the handout or our website
— https://ericlyun.me/tutorial-date2025

——

# Windows, open PowerShell

* B: Login our server B ssh-keygen -t ed25519 -C "<email>"
: # Linux, open terminal
— First, you need a SSH key 7 ssh-keygen -t ed25519 -C "<email>"

— check if your SSH directory exists |[# Mac, open terminal .
: kﬂ ssh-keygen -t ed25519 -C "<ema1il>"
» win: C:\Users\<username>/.ssh

e linux: $HOME/.ssh
e mac: /Users/<username>/.ssh

— if not exists, you need to create one
 reference link

SSH public key can be found in <SSH>/id_ed25519.pub

Tutorial @ DATE 2025 Yun (Eric) Liang @ Peking University 1


https://ericlyun.me/tutorial-date2025
https://docs.github.com/en/authentication/connecting-to-github-with-ssh/generating-a-new-ssh-key-and-adding-it-to-the-ssh-agent?platform=mac

Setup

(=] < Gradio X + v v A X

* A: Download the docker image ——— TR
— Please follow the handout or our website

L] L]
L]
— https://ericlyun.me/tutorial-date2025
.:.. @ AHS Backend Server ® —+ — [m] X ssh-ed25519
AAAAC3NzaC1lZDIINTESAAAAIGZCe91xqGgAnaSOfDHFTPPaIT7
< &) B https//www.ahs.... & I 15 p7VA54hkTUW6ZSsYdV

» B: Login our server AHS Backend Server
— www.ahs.ericlyun.me Q2290

Output

] L] o
I C I I C k S S H Log I n O AHS =0 >podman run -itd --rm -p 11601:22 --name=ahs-d9b92831
(o =0 uvxiao/ahs-tutorial:aspdac2025
>podman exec ahs-d9b92831 ssh-keygen -A
E t d h k Oé 6 6 O >podman exec ahs-d9b92831 mkdir -p /run/sshd

- n e r yo u r n a m e a n SS ey > podman exec -d ahs-d9b92831 /usr/sbin/sshd
> podman exec ahs-d9b92831 mkdir -p /root/.ssh

This backend server will support you during the AHS >podman cp /tmp/tmpgpirig71 ahs-d9b92831:/root/.ssh/

— Follow the Output to connect tutorial, authorized_keys

podman create success

Tutorial ) Tutorizal | R SUCCESS ---=-mmnemmmmmm
(ASPLDS'QS.:' {DATEIZS) Please use the following command:

ssh root@ahs.ericlyun.me -p 11601

SSH Login
s &
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Setup

* A: Download the docker image
— Please follow the handout or our website | — .
Please use the following command:
— httpS://eriCIyun .me/tutorial-date2025 ssh root@ahs.ericlyun.ie -p 11601

Enter SSH Connection Command

* B: Login our server

File Edit Selection View

— You can use PowerShell/terminal S - CtisN
- New Window Ctrl+Shift+N
Or, you can use VSCode
« Ctrl-Shift-P / 1 3EP, type Remote: Show Remote Menu D e
— select SSH to install the extension

Open File... Ctrl+0
« Ctrl-Shift-P / 1 3EP, type Remote-SSH: Add New SSH Host [esrsmey = Serys g

— paste “ssh root@ahs.ericlyun.me —p xxxxx”
o Ctrl-Shift-P / 1 3£ P, type Remote-SSH: Connect to Host
» Ctrl-K + Ctrl-O, open /root/repos folder (optional: download

ahs.ericlyun.me

Tutorial @ DATE 2025 Yun (Eric) Liang @ Peking University 3
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Outline

* High-level synthesis and DSL
— Hector (ICCAD22), FCCM'23, MICRO’24, TRETS’25

« HDL for Chip Design
— Cement (FPGA24)

Tutorial @ DATE 2025 Yun (Eric) Liang @ Peking University



Synthesis Flow

GEMM, GEMYV, DOT, GBMYV, SYMV...

\ )
|

Tensor DSL
User-Schedulable Loop =
Representation Sched IR General Language
| Software
IR
Control flow
SCFIR Representation _
Uiatie I3 Rescrztz::l;r:cigon )
P u Hardware
Structural IR
HEC IR :
Representation _
Verilog
Commercial Flow Open-source

MLIR-based Flow
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* Run:

Quick Try

cd popa/examples
bash ./hls-tutorial.sh generate [basic/SA]

Input and Output

A(Buffer<int> &A, Buffer<int» &B)
{
Var i("i"), j("j" (k" —
URE X("X", In ktgzu Ik, j, i};-, v("v", Int(32), {k, j, i}), Z("Z", Int(32), {k, 3, c("c”
X(k, j, i) = select(j = , Ak, 1), Xk, j-1, 1));
Yk, 3, = select(i == @, B(j, k), ¥(k, j, i-1));
Z(k, 7, = select(k @, Z(k-1, 3, 1)) + X(k, 3, 1) * ¥(k, j, 1);
C(j, i) elect(k == N-1, Z(k, J )5
X.merge_ures(Y, Z, C)
X.set_bounds(i, 8, M,
i, 8, 5,
k, 8, N);
-
Var 1i("ii"), 33733
X.tile(j, i, 33, ii, 2, 2);
X.space_time_transform(jj, ii)
-
var kk("kk");
X.split(k, k, kk . om -
et 330 [NpUt Specification
X.vectorize(kk);
o o
eturn ; (matrix-multiply.cpp)
H

Tutorial @ DATE 2025

- Uniform Recurrence Equation (URE)

- Space-time Transform (STT)

- Loop Transformation
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Quick Try

* Run:
cd popa/examples

bash ./hls-tutorial.sh generate [basic/SA]

* Input and Output

Func mm_SA{Buffer<int> &A, Buffer<int» &B)

{

for (X.s@.i.i, @, 8) {
; J k("K' pipelined (X.s8.j.j, 8, 8) {

» Int(32), {k, 3, i}), ¥ , Int(32), {k, 3, 1), pipelined (X.so.k.k, @, 4) {
= select(j == @, Ak, 1), X(k, j-1, i unrolled (X.s@.i.ii, 8, 2)
- select(i == @, B(§, k), ¥(k, i, i-1)) unrolled (X.s@.j.jj, €, 2
= select(k == 8, @, Z(k-1, 3, 1)) + X(k, 3, 1) * ¥(k, j. i); unrolled (X.s8.k.kk, 0, 4)

select(k == N-1, Z(k, j,

ite_shift_reg

ite_shift_reg .shreg"”, X.s8.j
X.merge_ures(Y, Z

3]
-

»
;o Ll 1
X.set_bounds(i, 8, M, 1
i. 8, 5, \}
k, 8, N}; ’

unrolled (X.s@.i 1, 8, 2) {
unrolled (X.s@.j.jj_1, @, 2) {

L 3 s 2, 2);
X.space_time_transform(jj.

1
El ¥

Input Specification
(matrix-multiply.cpp)

Sched IR
(SchedIR_SA)

return C;

I

3
(write shift_reg("X.shreg", X.s@.k.kk, X.
.shreg”, X.s@.k.kk, X.

Evaluate(image_store("C", (struct halide_buffer_

se.3.31,
s@.3.33.

.s@.i.ii,

_for %argl =
for %arg2 -
%arg3

, %arg3] : memrefc4x2x2xil2>
4, %arg3 + %arge * 2] :

<16x16x132>

L %arg3] : memref<dx2x2xi32>

rg3 - 1] : memrefcdx2x2xid2>

2, %args + %arg2 * 4] : memref<16x16xi32>
index to i32

i

%argd, %argl] : memrefc4x2x2xi32>
rga, Yarg 3x2x132>
rga, Yargd] : memrefcdx2x2xiZl>

affine.load %alloc_a[%
ith.muli %11, %10
c_2[%argd, %arg3] : memref<2x2xi32>
index to 132
1132

Lower

*)C.buffer

Tutorial @ DATE 2025 Yun (Eric) Liang @ Peking University

v

:i33

e %20, %alloc_2[%argd, %arg3] : memrefc2x2xi32>
%arg2 : index to 132

2 @ 132

ndex to i32

2 @ 132

h.andi %24, %22 : i1
if %25 {
- affine.load %alloc_2[%argd, %arg3] : memrefc2x2xi32»

affine.store %26, %alloc_1[%argd + %argl * 2, %arg3 + %argd * 2] : memrefcl6x16xi32y

SCF IR
(SCF_SA.mlir)



How to Express the Dataflow?

Each loop iteration is associated with unique variables: X;x, Yk, Z;jx

UREs -

==

X..=a.,.1
ijk — ik ifj=0, X; i(j-1)k otherwise Uniform Recurrence Equations (UREs):

bkj 1f i=0, Y, D)jk otherwise  Recursive definition
» Uniform dependency

l]k

Z = 011 k=0, Z, ji(k-1) )(ijk Yijk otherwise . Dynamic single assignment form

Final result: Z,, 1f k reaches its max

Specification

X(k, j, i) = select(j == 0, A(k, i), X(k, j-1, i)); select(condition, x, y)
Y(k, j, i) = select(i == @, B(j, k), Y(k, j, i-1)); = (condition ? x :y)
Z(k, j, 1) = select(k == 0, 0, z(k-1, j, 1)) + X(k, J, 1) * Y(k, J, 1);
C(j, 1) = select( K-1, Z(k, j, 1));
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Dataflow Mapping

Space-time Transform
— Mapping loop instances onto spatial PEs
— Schedule instance execution in a temporal order

Map each point to a new space of (x,y,t)

STT( ) [ Hir’;‘j st7 = (7))

1 0 O X =1
S t:
pace par P = [0 1 ol v=
Map point (i,j, k) to (x,y)
i j ok
Time part: T=01 1 1) t=k+j+i

Schedule point (i,j,k) at time ¢t
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Dataflow Mapping

« Space-time Transform
— Mapping loop instances onto spatial PEs
— Schedule instance execution in a temporal order
PE(0,0) t=0:

b b
Map a0->Xoe0s Doo~>Yoees ©->Zggg 1bﬂ0 1 . 1 .
=1: Qop )
PE(0,0) t=1: ——> (0;0) > (0;1) > (0,2)
Map ag,->Xpp15 D10->Yoo1s Zaoe~ >Zoe: = = T . = T . |
Map Xppe->Xp1e (reuse of ay, ) a, i =
Map Ygpe->Yi0e (reuse of by, ) —> (10) > (11) > (1, 2)
=0 e
PE(0,0) t=2: . v L ¥
Map ag,->Xpe25 D20">Yanrs Zogi~>Zoes —»3‘(2';'0) —> (2,1) > (2,2)
Map Xpo,->Xg1; (reuse of agy, ) k=0
Map Y, ->Yye, (reuse of by, ) PE Array

Tutorial @ DATE 2025 Yun (Eric) Liang @ Peking University 10



Quick Try

e Run:

./hls-tutorial run basic
./hls-tutorial run SA

« Then you will get:
| basic | SA

Cycle 15411 1691

The systolic array achieves a 9X speedup compared to the
basic version

Specification

Sched IR

SCF IR

ToR IR

Interpreted execution at
the ToR IR level

Tutorial @ DATE 2025 Yun (Eric) Liang @ Peking University
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Synthesis Flow

GEMM, GEMYV, DOT, GBMYV, SYMV...

\

)

User-Schedulable Loop

Tutorial @ DATE 2025

Representation

OpenCL HLS

Verilog

Commercial Flow

Y
Tensor DSL

Sched IR General Language

Open-source
MLIR-based Flow

Control flow
Representation

Scheduling
Representation

Structural
Representation
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BLAS Development

1 2 3 4
« Using the DSL to develop BLAS routines 6 7 8
— Navigate to popa/examples/BLAS 2 1
5
] ] ] Triangular
* Leveraging the triangularity, symmetry, and
band structure of matrices ;2 3 g
— TRSV: Triangular matrix-vector solve 3 7\‘\2\1
— SYMV: Symmetric matrix-vector multiplication 4815
_ o Symmetric
— GBMYV: Banded matrix-vector multiplication
1.2
5 6 7
3. 2 1
6. 5.
Banded

Tutorial @ DATE 2025 Yun (Eric) Liang @ Peking University

Q33 asz [2E7 ] (ZED]
Qs a1 Q2o

Q11 Q10

Qoo l

Yy y y
\;E%"T_;(PE 1}$5{PE 2[<55{PE 3]

b X TRSV

—

A

pA }r—{ sa | r,{LowMV}—
\
o N 8 e G o g TS ey

(o]
(oz]

y

Z

SYMV

X Partial
i) Sums

]Resuits
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Example: TRSV

« TRSV: Solve Ax=b where A is a triangular matrix
— Aforward substitution process

-1
p€0 _ ; _ Zk_oalk Xk

2, Qoo X0 by R N :
pe |410  G11 X1| = |bs PEO [ PE1 [*——] PE2 |
2 X b | Xg ! I
dz0 Q21 dpz|li2d  [D2] A T e |

0

Xo = bo/ago ;Cl

2

-1
x; = (b; — z | Qi X))/ Qi

Our recent work - A dataflow accelerator for SpTRSV that £ g
exploits structural sparsity patterns in solving PDEs (ISCA’25) (@)
github.com/pku-liang/telos
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Results

Level Kernel Name Compute Frequency LUTs DSPs Throughputs Speedup

GEMM matrix-matrix multiply C =aAB + fC 244 Mhz 49% 86% 620 GFlops -
SYMM symmetric matrix-matrix multiply C=aAB+BC,A=AT 244 Mhz 49% 86% 620 GFlops -

SYRK symmetric rank-k update to a matrix C = adAT + 5C 259 Mhz 43% 68% 513 GFlops 1.93X

Level 3 SYR2K  symmetric rank-2k update to a matrix C = aABT + aBAT + BC 253 Mhz 48% 68% 476 GFlops 1.81X
TRSM Solves a triangular matrix equation Solve Ax = B 239 Mhz 51% 72% 402 GFlops -

TRMM triangular matrix-matrix multiply B = aAB 238 Mhz 44% 68% 471 GFlops 1.93X
GEMV matrix-vector multiply y = adx + By 282 Mhz 20% 2% 16 GFlops -

GBMV banded matrix-vector multiply y = alx + By 277 Mhz 21% 2% 16 GFlops 7.35X

Level 2 SYMV symmetric matrix-vector multiply y = alAx + By 267 Mhz 39% 4% 15 GFlops 1.79X

TRMV triangular matrix-vector multiply x = Ax 254 Mhz 23% 2% 15 GFlops 1.75X
TRSV Solves a triangular matrix equation Solve Ax = B 303 Mhz 18% 2% 16 GFlops -

« Synthesized using Intel OpenCL SDK, tested on Intel A10 FPGA

« 1.8X-7.4X speedup by leveraging special matrix properties

Tutorial @ DATE 2025
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Synthesis Flow

GEMM, GEMYV, DOT, GBMYV, SYMV...

\

)

User-Schedulable Loop

Tutorial @ DATE 2025

Representation

Commercial Flow

Y
Tensor DSL

General Language

Control flow
Representation

ToR IR Scheduling
Representation
HEC IR Structura!
Representation
Verilog

Open-source
MLIR-based Flow
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Quick Try

e Run:

cd hector
bash examples/hls script.sh hector examples

- Then you will get several directories:
examples/tor-raw/
examples/tor-split/
examples/hec/
examples/chisel/

Tutorial @ DATE 2025 Yun (Eric) Liang @ Peking University
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ToR IR

* Provide a high-level control flow for hardware information
— Two parts, time graph and functional operations s;it;zr:;a' '

— Four types of nodes: normal, call, if and loop

tor.topo (0 to 7) {

"seq:1"
"seq:1"
"call"
"seq:2"
5 "if"
"seq:1"
"for"

tor.from
tor.from
tor.from
tor.from
tor.from
tor.from
tor.from

Tutorial @ DATE 2025

0 to
1 to
2 to
1 to
3, 4
5 to
0 to

1

NOoOd b~ wWwNDN

(0]

call
@callee

Q ue"\\.\a ee e If

Sep -
equen};é /\)‘ ) /Iﬂf

.

sequential
\ eeo e
N

OOp
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ToR IR

* Functional operations present algorithmic specification with
high-level information

— Bind each operation to the time graph

tor.for %i = %cO to %clo step %cl {

of %»m = tor.load %mask[%1i] on (© to 1)
l ;ﬂ — \E %»a = tor.if %m then {
I AN Wik T %»x = tor.addi %i %cl on (1 to 2)
%y = tor.subi %i %cl on (1 to 2)
% %fx = tor.call @f(%x, %y) on (2 to 3)
tor.yield %fx
} else {

%11 = tor.muli %i %i on (1 to 4)
tor.yield %ii
} on (1 to 5)
tor.store %a to %A[%1] on (5 to 6)
} on (0 to 7)

Tutorial @ DATE 2025 Yun (Eric) Liang @ Peking University
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HEC IR

 Three components
— State Transition Graph, Pipeline stages, Handshake

component {
/’\\ // allocations
stateset {
Idle state {
// assigns
transition {
goto
}
}t t
state
elils Sl transition {
Y~ goto
}
state {
transition {
goto
}
}

} %style = "stg"}

Tutorial @ DATE 2025 Yun (Eric) Liang @ Peking University
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HEC IR

* Three components
— State Transition Graph, Pipeline stages, Handshake

component
// allocations
p N\ stageset {
" stage {
Stage 0| + + // assigns
\ I | I | J
1 A T — stage {
( Yy vy D // assigns
Stage 1 + - hec.assign %add2.lhs = %addo.res
L & , , ) hec.assign %add2.rhs = %addl.res
— }
r I} ¥ A 1 ) stage (st {
Stage 2 * // assigns
~ o stage {

// assigns
deliver %mull.res, %add3.res

}
} {"pipeline",II=1}
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 Three components
— State Transition Graph, Pipeline stages, Handshake

\_

« - feady_ _ _

ﬁ
Handshake

Latency-insensitive Design

Shift

Add

J

Tutorial @ DATE 2025

~——

)

~—

HEC IR

component

(%inl,%in2,%out){

// allocations

%shift.in,res = primitive .
%add. lhs,
// elastic units

"shift"

rhs,res = primitive . "addi"
smerge.il,i2,0 = primitive . "merge"
%»fork.i,0l,02 = primitive . "fork"

graph {
assign
assign
assign
assign
assign
assign
assign

%fork.1 = %inl
%»shift.in = %fork.ol
%add.lhs = %in2
%add.rhs = %f.o2

smerge.il = %shift.res
smerge.i2 = %add.res
sout = Zmerge.o

}{lhandshake"}
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Hestia

* An efficient cross-level debugger for HLS designs that
enables breakpoints and stepping at multiple granularity

cmd
. —_ software > oF
Breakpoint level
check ~— | €XeC IR TOR
Watchpoint ﬁ sync K() — HEC
>Tep Deb g hedul Ilti-level
. eoug scheaule — Multi-leve ] generate
Confinue Interface c:heck level Interpreter
Switch ﬁ syne "
- |verify [ el ival
Load @ v— quivalence
cmd S v— — Mapping
— uctu
""" = level —
check
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Debugging interface

SHOW VALUE:
: : op_115 I32(0)
» cd hestia/tutorial/examples/casel SHOW VALUE:
op_115 I32(6)
» hestia command.tcl OP_S?_E 1522(?
. I

> breakpoint op_116 22:115}32(6)( )
» continue op_g?_tt; 15,22((3

op_131 bI
»var op_115 o 115132(6) .
» unset breakpoint op 116 Comr;tgaf]ion { 0pemndﬁ=f["olp?135_b“,

"op_113"], op_type: "shift_left", name:

»watch op 135 b vop_114", ret_type: "i32" ]
»watch op 131 b SHOW Vﬁgugz(é)

op_1151
»watch op 115 op_135_b I32(1)
» step 10000 op_ii’:é_% ;(372)(3)

op_1151
» show_op op_135_b I32(1)
»step 2 op_131_b I32(3)

Tutorial @ DATE 2025 Yun (Eric) Liang @ Peking University
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Outline

* High-level synthesis and DSL
— Hector (ICCAD22), FCCM'23, MICRO’24, TRETS’25

« HDL for Chip Design
— Cement (FPGA24)

Tutorial @ DATE 2025 Yun (Eric) Liang @ Peking University
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Cement: Evolved HDL and Framework for Chip Design

T a1l ~
SystemVerilog™ C-SE&W s ~
—— Vitis o

Traditional HDL Embedded HDL (eHDL) <—’_>___ RTL Code V
tedious hardware c.ode design hardware in advanced - .

L programming language (Scala, Python)

-

HLS: design hardware in C/C++

@rrmt Rust-embedded HDL I software-like control description

keep evolving...
)R Srr— Cerrent (cnt)
: + rule-based design _
B published at FPGA’24

I I s Youwei Xiao, Zizhang Luo, Kexing Zhou, and Yun Liang. 2024. Cement:

Streamlining FPGA Hardware Design with Cycle-Deterministic eHDL and
iR Synthesis. FPGA '24. https://doi.org/10.1145/3626202.3637561
High-level HDL: describe hardware as rules

Tutorial @ DATE 2025
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Today, we introduce cn2!

=l ublic
as the successor of ... A pku-liang /Cement P

Cement (cntl
published at FPG£’24 ) Rust-embedded HDL

szl rule-based design @

software-like control description
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In Rust, a2 project looks like...

B cd $REPOS/cmt2 &§& 1s -a

cmt2/

e b =L VA R - I e] (AN — include necessary build flags
crates/

cmtrs/
cmtrs macros/ Here, 5 library crates forms

cmtir/ | the cmt2 package

cmtc/

kir/
rust-toolchain.toml FEESYVAT R Clot
Cargo.toml — specify package information and dependencies
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Hello Rust World!

& touch
$REPOS/cmt2/crates/cmtc/examples/hello.rs

create hello.rs fileT

fn main() {

println!("Hello World!"); click [run] above fn main, or ...

}

under directory $REPOS/cmts

Cargo is Rust's build system and package B cargo run --example hello

manager. It's easy-to-use!
More user-friendly than sbt for Scala/Chisel!
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Hello cni2:

at the top of hello.rs

use cmtc ::ehdl ::*; use clauses import cmt2’s eHDL and compiler features
use cmtrs::*;
itfc_declare! { itfc_declare! is a macro

param T; .

Struct AZB { macro in Rust transforms code at the token-level

a: input param T,

} SERCL LRI P st The left code creates ...

nethod runa) = (b): * A module interface named A2B;
1 * It has one input port a, one output port b, both of which have type T.

* |t exposes a method run for external world to invoke!
A2B
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ct2is rule-based HDL

at the top of hello.rs

use cmtc::ehdl :: *; A2B
use Cmtrs ::*; = o

a:T b:T
: — method run —
itfc_declare! { ,

param T;

struct A2B {
a: input param T, Crrt2! ru,e-baSEd de.SIgn

b: output param T,
}

method run(a) = (b);

}

Hardware logic is organized as rules — the execution unit!

Don’t be afraid!
Just consider one rule as a group of operations that execute atomically

In cmt2, we have two types of rules: method rules and always rules:
* method rule need to be invoked (Bluespec method)
* always rule runs actively (Bluespec rule)
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ct2is rule-based HDL

#{ module] - - I
T s e following itfc_declare!

let t = Type::UInt(4); .
let io = io! { T: &t}; fn starts a function!
let run = method!(

(io.a) = (io.b) {

ret!(io.a + 1.1it(&t)) _
} add1l to create a module of the interface A2B

The #[module] macro transfoms the function

)=
}

Now, types are given, rules are filled -- Module is completely described!
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cri2 generates SystemVerilog

following fn add1l

fn main() — anyhow::Result<()>

{

elaborate(addi(), The new ma1n function to call elaborate

for the add1 module

sv_config("addl.sv"))?;

0k(())
}

click [run] above fn main, or ...

B cargo run --example hello
B cat addl.sv
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Show features by examples

as the successor of ...

Cerrent (crrtl)

published at FPGA’24

Rust-embedded HDL <«—— FIR

szl rule-based design < GEMM

Tutorial @ DATE 2025

software-like control description
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Finite Impulse Response (:I‘thI

We provide three implementation

15t rule: input 2" rule: shift 'FiI'_3: fixed length of 3
)jmput —T-Reg {Reg .{REQH: .Jcrates/cmtc/examples/fir.rs line 18-46
| %o ag T aj T ay
e e e gen_f1ir:arbitrary length
o .Jcrates/cmtc/examples/fir.rs line 48-78
- Output | gen_fir_addertree:

arbitrary length with adder tree
.Jcrates/cmtc/examples/fir.rs line 132-174

rule-based design Rust-embedded HDL

3" rule: output
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FIR Example: Testbench & Simulation

itfc_declare!(struct TB {});

#{ module] E cd $REPOS/Cmt2
f”;j'“;?““ LI RGOS AL B cargo run —-example fir run Rust
annot("is th": "true"): Tb is also described ®| cd ./tb/fir_tbl ksim
let dut = instance!(dut); as rules, but will E make all simulator make
let mut cycle = instance!(Integer::new()); .
not be synthesized B ./FIR_S6 ryn the simulation program
let exit = always!([cycle.ge(int(20))] into hardware

() { sim_exit!();}
L
let tick = always!(

() { cycle %= &cycle + int(1); }
i

: 71

: 8 output:

: 57

: 1 output: 7
: 36

: 2 output:

.Jcrates/cmtc/examples/fir.rs line 127-173 Iy

el

: 3 output:

77

Elaboration creates a : 4 output:
simulation directory 28

fn main() — anyhow::Result<()> {
let t = Type::SInt(16);

let fair3 = fir 3(&5t, 1, -1, 3);

let tbl = make_tb(&t, fir3);

elaborate(tb1, ksim_config("./tb/fir_tbil_ksim"))?
}

.Jcrates/cmtc/examples/fir.rs line 176-204 Possible Outputs

» output:
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General Matrix Multiplication 712!

itfc_declare!(
param DT; data type

param AT; address type _
struct GEMM { memories

amem : itfc Memlrilw2d{DT: param AT, AT: param AT},
bmem : itfc Memlriw2d{DT: param DT, AT: param AT},
cmem : itfc Memlrilw2d{DT: param DT, AT: param AT},
finish: output Type::UInt(1),

b

method start();

method finish() — (finish);

.Jcrates/cmtc/examples/gemm.rs
line 25-36
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GeMM Example: FSM

-{i seq!{
let start = method!( Software llke ContrOl 201“ k in ©..n {

fsm;  keyword description step!{

io.amem.rdo(&i, k.lit(&at));
() { cee } io.bmem.rd0(k.1it(&at), &j);
! |= 0 tO n'l acc %= mac.mac(

if k #= 0 {
~~~~~~~ io.amem.rd1(),
. f io.bmem.rd1(),
for 1(( aforloop &acc

S Y
i %=0.lit(&at); /. _ init: i=0 ;

0.lit(&at).lt(n.lit(&at)); // init con i<n i=0 =>0<n T }
1 %= 61 + 1.1it(6at); : update: i=i+1 itep.{
1.1t((n-1).11t(&at)) i<n i=i+1 => i<n-1 io.cmem.write(
mac.mac(
io.amem.rd1(),

Gacc
)?
&1, &j);
acc %= 0.1it(dt);

for 1((
] %= 0.11it(&at);
0.1it(&at).1t(n.1it(&at));

] %= &§j + 1.1it(&at);
j.1t((n-1).1it(&at))

}

r
|
I
I
I
|
I
I
I
I io.bmem.rd1(),
I
I
I
|
I
I
I
|
I
I

.Jcrates/cmtc/examples/gemm.rs
line 38-97



GeMM Example: FSM innermost body

e foriin 0..n
—forjin 0..n

the following steps will be
seq!{ donein a sequence
for k in 0..n { generate n steps
step!{

Seq stepO stepl step2 step3

io.amem.rd0(&i, k.lit(&at)); | |
io.bmem.rdo(k.l1it(&at), &j); The
if kK = 0 { amem.rd1 amem.rd1 amem.rd1 ::'.rr:l
acc %= Imac.mac(
10.amem.rd1(), "
bmem.rd1 fees bmem.rd1 SIS

io.bmem.rd1(), bmem.rd1

gacc
[ )

feed memory address
get memory data
invoke MAC
accumulate result

.Jcrates/cmtc/examples/gemm.rs 39
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GeMM Example: FSM last step

 foriin 0..n
—forjin0..n Seq step0  stepl step2 step3 .- stepn

>
step!{

io.cmem.write(  write to cmem 7 i
mac.mac( last
io.amem.rd1(), mem
io.bmem.rd1(),

L

) gacc MAC

§1, §j);
acc %= 0.1it(dt);
}
}

cmem.write

.Jcrates/cmtc/examples/gemm.rs
line 38-97
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GeMM Example: Simulation

: 16:

15 11:

15 12:

15 13:

15 14:

15 15: a[15 1
®m cd $REPOS/cmt2 : E}”l:[mi[
B cargo run —-example gemm 4370{ :

e l.. ..I -J ﬂ' 'J'I
| | | | | A |

L B

at cycle 4626
B cd ./tb/gemm_ksim C - 64

B make all =6
B ./GEMM_s16_1i8

Commands to run simulation

Expected results
Cycles=((16 +1) //k
X164+ 1) //j +1 cycle toinit
X164+ 1 //i +1cycletoinit
= 4369 + 1 cycle to write finish
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Summary

* Webpage: https://ericlyun.me/tutorial-date2025/

— Papers, presentation, code

@
Embedded C/C++/DSL Natural
(Tools: Hector, Language

HDL
Tool:Cement Hestia, etc.) (Tool: Origen)

High-leve| Synthesis

Generation
RTL Design

[ Fast RTL Simulation ]
Tool: Khronos
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Simulation Speedup

» cd hestia/tutorial/benchmarks/collectionl
»time hestia command/aeloss push/tor.tcl

»time hestia command/aeloss push/hec.tcl

| __TORR HEC IR

Cycle 1502609 1502706
Time 2.019s 37.711s

Tutorial @ DATE 2025 Yun (Eric) Liang @ Peking University
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