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int cal

(
HEA OGS C
) 1

C1EE int a;

return a;

}

a=b+c™ 60;

lw aB, -12(s8)
lw al, -16(s8)
IS (ol

mul al, al, a2

add a@, aB@, a

sw af, -20(s8)

= #FE A AR T

* JRAZR (source program): B FE A — NmA2IE S KR E

% B AR (target program) : B H £~ A —NLEFEN LR

o AIFTBARF A &k ]#F A | 7 EAEEATH ]

M A | 3% 9 | & A

RISC-V
L4
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© MARAEET T ALIER CES, AAMCHIHIFSHE

o —HHEIF: AR ST LA E iR
% ¥R & Rosetta: £ ARM & i E3BATE T x86 94k £+

© HEMARF: I ARHMEIES | BIFEA L EHBKRATIES
% LaTeX: Zt#% 8| DVI, H3# — % #11% 8| PostScript

© SN CAE A FEABFN R, Bt — T BFEANMIEAS A
o LB &S %A EDA RGP EE R,
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4 7 H 8] AR

o MEBERRE IR, UM EBREFHIITER

o RZ%Z1ET RBMEEZEFIL, 4o Python. Ruby. JavaScript <

® PostScript #2 fF 54 7 E

HG R TAEZ — NS

© AR X 183E = (4o SQL) B9 4L T2 R i@ 3T AR
© —NHEBEBA—RIFETHHEPBRET B RET X
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© HTML #= CSS: %Mi] T S AR A2
o BRI W RBATHEE, BEETE

/

%

<!DOCTYPE html>

<html>

<head>

<link rel="stylesheet" type="text/css" href="css_sample_file.css">

Hey there! I'm a header!

button {
background-color:#e
font-family: 'Fredo
font-size: 20px
color: white
height: 300px

width: 300px
box-shadow: none
border-width: 4px
border-color: white
border-radius: 150px

A RIR: https: //medium.com/@nikila.saravanan/html-css-javascript-101-f1af10e2f154.
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- I looked at Monsieur Fogg

¥ ... and I could contain myself no longer.
'"What is the purpose of our journey, Monsieur?'
'A wager,' he replied.

* * 'A wager!'[] I returned.
He nodded.
* * % 'But surely that is foolishness!'
* * *  'A most serious matter then!'
- - - He nodded again.
* 'But can we win?'
'That is what we will endeavour to find
out,' he answered.
¥ ¥ % 'A modest wager, I trust?'
'Twenty thousand pounds,' he replied,
quite flatly.
* ¥

* I asked nothing further of him then[.],
and after a final, polite cough, he offered
nothing more to me. <>

* 'Ah[.']," I replied, uncertain what I thought.
- - After that, <>
* ... but I said nothing[] and <>

- we passed the
- -> END

day in silence.

e

HIRITEIES
-7E Unity 773K 3] & 9 £ A
F AR, B35 KA XA B IR

days.ink

I looked at Monsieur Fogg

.. and I could contain myself no longer.

'What is the purpose of our journey, Monsieur?'

'A wager,' he replied.

'A wager!' I returned.

He nodded.

A kIR https: //www.inklestudios.com/ink/.
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® GraphQL: ER#EE43E 5
o EXHKPFEXRKAIES +t SRETHIES
@ T LK FE 8B B 5 v X
< 8RR AABIE B T B A R

Describe your data Ask for what you want Get predictable results

Project

String project
String tagline
User

A IR https: //graphgl.org/.
2024 F & F 4 (%% R 22 ) AT RFHFFNF R
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© P4: 3 M4 R &I wmAZIE S
B[ LR IE B R R 69 A (%m FPGA) Ak B AR

#include <core.p4> . .
#include <vlmodel.p4> Libraries

const bit<l1l6> TYPE_IPV4 = 0x800;

typedef bit<32> ip4Addr_t; B -
header ipv4_t {..} Declarations

struct headers {..}

parser MyParser(..) {
state start {..} .
state parse_ethernet {.} Headers extraction

state parse_ipv4 {.}
control MyIngress(.) {

action 1ipv4_forward(.) {.}

table ipvd_lpm {..} Processing logic

apply {
if ) {.}

}

control MyDeparser(.) {.} Output packet

assembly

v1switch(
MyParser(),
MyVerifyc?§cksum(),
MyIngress(), “ . ”
MyEgress(), mai n()
MyComputeChecksum(),

MyDeparser()

) main;

# kIR https: //adv-net.ethz.ch/2022/, Lecture 1.

15
2024 4 & & 5 17 (RiE R IE) ERFTFENER


https://adv-net.ethz.ch/2022/

N4 SLISTUGAFEIES

© TACO: 41 x5t ¥ ik E1H H & H1F =
/M’Jﬁgﬁ & T HIE A mﬁcéﬁ CPU/GPU 1K #4
» N TEIFBESAT. BFEITHE LS F 3] FA

TACO Index Expression
(a(i,j) = b(i,k) *c(j,k)

F

Optimized C Code C P U CUDA Code
»(#pragma omp parallel for schedule(runtime) ) (" _global__ )
for (int32 ti = 0; i < bl dimension; i++) { void matrix1(taco_tensor_t * a, taco_tensor_t * b,
for (int32_tj = 0; j < c1_dimension; j++) { L
int32_t ja = i * a2_dimension + j; int32_t i = blockldx.x * 256 + (threadidx.x % 256);
int32_t tka_val = 0; _ _ if (i >= b1_dimension || threadldx.x >= 256)
for (int32_t k = 0; k < c2_dimension; k++) { . return;
int32_t kb =i * b2_dimension + k;
int32_t kc = j * c2_dimension + k; for (int32_tj = 0; j < cl_dimension; j++) {
e T * ; int32_t ja = i * a2_dimension + j;
tka_val += b_vals[kb] * c_vals[kc]; int32.t tka_ val = O;
Is[ia] = tk I for (int32_t k = 0; k < c2_dimension; k++) {
a_vals[jal = tka_val; int32_t kb = i * b2_dimension + k;
} int32_t kc = j * c2_dimension + k;
1} Y, tka_val = tka_val + b_vals[kb] * c_vals[kc];
- . N }
a_vals[ja] = tka_val;
}
U Y

José Wesley de Souza Magalhdes el al. 2023. C2TACO: Lifting Tensor Code to TACO. In GPCE’ 23.
16
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@ Taichi: B FATITHIES
& A E e B FE AR T E
% HRANFE Python F 3 £ 4% A CPU/GPU REBR XHL T R EMLAL

import taichi as ti
ti.init(arch=ti.gpu) # Run on GPU by default

n = 320
pixels = ti.field(dtype=float, shape=(n * 2, n))

@ti.func
def complex_sqr(z):
return ti.Vector([z[0]**2 - z[1]%%x2, z[1] * z[0] * 2])

@ti.kernel
def paint(t: float):
for i, j in pixels: # Parallized over all pixels
c = ti.Vector([-0.8, ti.cos(t) * 0.2])
z = ti.Vector([i / n=-1, j / n-0.5]) 2
iterations = 0
while z.norm() < 20 and iterations < 50:
z = complex_sqr(z) + c
iterations += 1
pixels[i, j] = 1 - iterations * 0.02

gui = ti.GUI("Julia Set", res=(n * 2, n))

for i in range(1000000):
paint(i * 0.03)
gui.set_image(pixels)
gui.show()

A kIR https: //qgithub.com/taichi-dev/taichi.
2024 FA&FFH (% % 5 22) AT KFHFAHLF
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® Triton: A MHE WAL THE @& E GPU BE =
& FERIFFAAT LT K BEIT L WAL MRA
% f£ PyTorch 2.0 B ERINR E 5 3] 4 ik 85 F £ A

Element-wise Vectorized

SM GPU
o @ @ o
S1 float A[4,4] = g g g g
S2 float B[4,4] = = = = =
S3 float C[4,4] = ® ° ° ® § § § :C_-i SM SM
o 3 S 3
® ® 0 ® > > > >
Tensorized
FP16 matrix mult.multiplication
© ® ® °
S1 half A[: ’f] e Tensor Tensor SM SM
S3 float C[4,2] = dot(A,B)
@ o @ {
a. Definition of a Triton program P composed of b. Iteration space of S3 c. Mapping of S3 onto a Stream Multiprocessor (SM) d. Mapping of P onto the GPU
three statements S1,S2,S3
B / KR https: //openai.com/research/triton.
T &K IR: https: //pytorch.org/docs/stable/torch.compiler.html.
18
2024 4 &% ¥ H (% R I2) T RFEFFNFER


https://openai.com/research/triton
https://pytorch.org/docs/stable/torch.compiler.html

N4 SLIETUGFEIES

® Scenic. Q ﬁj] %ii/;] A E*;E;‘L%%’
% JHIR qﬁﬂ?}fﬁ%}&iﬁéﬁ ,ii%)ﬂ
o BT BBPATRAE, BETH ¢ T B (0 GTA EXX) #4778 4

spot = OrientedPoint on visible curb
badAngle = Uniform(1.8, -1.0) *
Range (16, 20) deg
Bele it ef spot by 0.5,
facing badAngle relative to
roadDirection

D. J. Fremont el al. 2019. Scenic: A Language for Scenario Specification and Scene Generation. In PLDI’ 19.
3]
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® Scallop: ZHARXMHELM T RAEIES
P R A TGS T 89T 5 XEEHAN
BT AR PLAT S AL 5 ST AR R F] TAE

vEK
@
&,
4118$

R/
%®

rel path(x, y) =|dash(x, y)
rel path(x, y) = path(x, z), dash(z, y)
rel is_connected() =(dot(x)), dot(y), path(x, y), x !=y

A kIR https: //www.scallop-lang.org/.
2024 F & F 5 5 (% % 7 22) AT R F T HALF R
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® Blockly: T AL AZ T B
“ RARR: TN, B F
 HARAE T AP A2 S (49 Python) BIAZ 77

Z45 Python  v|| Eifkex v
B - _
] gi; M{E Count y\j Count = None
m =
7 L R E Count~ || = 'ﬂ
B I . Count = 1
E;E HiT B Hello World! while Count <= 3:
BRI 2K print ('Hello World!")

{18 Count S| 1 Count C@ Count = Count + 1

A kIR https: //developers.google.com/blockly.

24
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@ Blueprint: "I ALK AL R 4t
» RBELIE, ATREBERFTOIHEAITA
Bk A CH R I 473 % T R R
A ST T T WY ST

: Heath @ ——— @
® .
_— e
{ Event Any Damage “L Branch P SET

.-_
» 7— » True | ~- @ Health \ »

Damage @ — Condition False In Strin
You Are Drowning

v

_f Print String

Damage Type

Instigated By

Damage Causer

A R IJR: https: //docs.unrealengine.com/5.0/en-US/events-in-unreal-engine/.

20
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© ComfyUl: 43T Al %4 & &7 B X |
o A RECRARHATIME], TREERAE A

o EXEMERAG?HRERD T HEHR?

& 5 kIR https: //comfyanonymous.github.io/ComfyUl examples/2 pass txt2img/.

SN hY N ~ /5 Y 23
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© AAMF E % ComfyUl Aim # % &) 15 %] Z 55

Load VAE

VAE e
< vae_name kl-f8-anime2.ckpt »

If

® ANY IMAGE e

= @ IF_TRUE
STRING ® ® IF_FALSE
N

true

STRING @

false

© AFA ZE I ComfyUl ¥+ &1 TAE7LEAF A Python 1R AL

ComfyUIl-to-Python-Extension

The ComfyUI-to-Python-Extension is a powerful tool that translates workflows into executable Python
code. Designed to bridge the gap between ComfyUl's visual interface and Python's programming environment,

A R IR: https: //github.com/theUpsider/ComfyUlI-L ogic.
A RIR: https: //qithub.com/pydn/ComfyUI-to-Python-Extension.

2024 F & & 5 45 (k)R 22 ) T KRF T EHNER
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N I%_I i A = ===l M e
E\Z 34 . %,ﬂwﬁ\ﬁi%&% =
@ Domain-Specific Language, DSL

o FALF K Ab AR ATRAF E 8] R
< T URE AR F]
o BT HFEF A, BINHAT:
% %% 3| CPU/GPU/FPGA % B t-F &
o BED AU REAEE S AR
o HREIHBEHAIT, THEHBER
o SERFTUREAE. MTFE R

® a] 15 = B9 AR IRt

“* Language-Oriented Programming, LOP

25
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RIFIS: FI BN R A

o ik BAMNIE BT BAAATI L
o FIA Gk R AR R R A E

@ Reduced Instruction-Set Computer, RISC
* RISC 2, #4 K30t AR L R miz £ 57
¢ BmIFZNNT FRBERE LIS
* RISCHRARLEM T, 4T HRAE DA SO R £1545
LA e RESAE L E R G A
R T T 4 R ?

® RISC & R L5 KX 4 2k 25 B B SR & 15
o Mk HHLEFH 75!

26
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NAH6: BEREALZENTE

© BT HIFMMEAN AT A — B AT RIFE
* HA & f: Language Severs

o XAKLE
* FRAF F A5 R~ —E

© MFAE
$ HABAATHA TR R

o NHEEHETLE
 FAMIFIR N G E EE IR

® IRAFMIR T H
< B34S B &R AN H A
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RIFEF NG BT

>

FAURE R A R AR T 2 8 8] AR

ANA 2 A7
& ARIBAFE 1B S

uu\ —\- L_I

BE AR R 540 IE AR 2 AR A9 7 AL
* CPU, GPU, TPU, FPGA, «----:
+ BAAEENEROEATE *HEENER

YnE s /AR R AT BARE TR S T
o kKH }iq&ﬂil_jlﬁé QE;@
o RE: RN, AT, FEMRTRES D, e
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W R RmIFEIAER AR E],
AR A Y 15 JR B YT AR | do A 4T 3% R 25 |
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— NFE RIF SR T IR T — NGRS
» FOHE(FFELER)

o BARAAMER(FESHF)

o BE % (A LEK)

o FSHX (454 4F)

& kA B AL GEESAHM . IEESAT)

% BN E Ak (AR R AT

Rl iRy o ST = | M N T - = S R R

Y 3% AT AT A AR % FF A 18] AR
o — AL ND A, £ EE L AT HZ !

30
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© Mk /N AERI G S TARR K BRI B
S RBIEBEREKNTE LT
 ZMEELFTENHBLE FOER. BRI ARG A A LT B AKX

© YmiFK e BRI = S AR T RE

< R B ALK B R 2R

» HERAEIES . FFE IFFAABNRE

o FERERIFE M RMNREL, N E &5 5 WA K L
» FEFIHORmAEIES EMEH

o REFRAT X, Lo FEHIT

24
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N AN ZFIRIERIE?

9 ChatGPT
AEIRFRIBEAGEE ZMRER, XEURTTARME,. Bin. BB, gEHhFRAR, UL TFTE—LLr
BERVR A :

HBMBERA TS REEATRENRFREARE, EFMNERLBRS RmiFRETX, A
R—TABREREMGME, WWebFx. BHERTF. ATEES, MAIEREFIRANETF)X
LM AR IFRE,

TETXRARKEE: BEAGEEMNETFI L AEZN AT LR TIERIIREE, MimFRE
A EEHRIAN B —MRAIZICIENTH, BrIRERESF > 5 LR E B B REXAEREE,
BB ARG FIRFREFTERENNENFE], SFEERFY. LikRwiz. SRS
F, MR—TANFENBABR, rIEREFIRARIE{E X B ERAXBIESH,
HWBEREEMS: EREBR T, TAATEBANEMRESMIINIRLARENEE, FILM
NZEFEMF X EFEE, MFRIFREBRERAENVE.

SRRIR, AFEIRFREFTESE T TANNE, BinMNARIZRE. 2RFIRFREEFTH
JRYFRVIFAL, BHAREE T AESFEENRERANEHIFE R F S]XEE,
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TRE A gmiFHRA
@ R TR mE A JRIE S 3 B ARLE

o Ml E4p45 X mAZE S A2 RISC B R &M
o AEFRBERE@ET
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Introduction to Compilation



® ZmiF &AM AR N
® YIFISE] LM

® FNiFE T AR <1

O v a=E s A e i B -

38
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2= N A

int cal ¥
( lw aB, -12(s8)

MMCE D, 1Nt lw al, -16(s8)
1i a2, 60 RISERY

Gl

>
int a; mul al, al, a2 I
a=b+c™ 60; add aB, af, a /S
return a; sw af, -20(s8)
5

© RIxHERE—NTIF, €& T Ee 2 BFE N AR F
% JRAEF (source program): BHEE A —NmAEES KR E
* BARAEF (target program): B HE R~ A —PNLEEN T4 FE

o BAMESTURA —NhARIET A2
o MBERNLERBAMES, M ABLZTHBELFOPATER

S
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/iR 98 b fp %R 98
[T ]

—T— OO0 i

P &) ARG

NG &1

----------------------------------------------------------------------------------------------------

® JEPANL: Rl AL & AR AE 25
S JE WAL T B P B R AL B F N F T A (bytecode) R

® f-¥T:
% Java & B ML (%= TVM) . JavaScript &1 MUAL (= V8)
% WebAssembly (Wasm) & B BT LAT &7 @ =1 I 25 49 F 8] AR a4 A2 X

=8
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IR S RIS

OO OO

© wIFFMBERMAT EZLBAMFTAMERA?
o RIFGAEFEMATRE R SITHIIERE EA/ HiFS
o ﬁ**%%%éﬁ%%gi0mﬁ£ik%§ ﬁ**%in éﬁﬁif?g%{ijTK

@ /ﬁiﬁﬁiﬂﬂﬁ_;s ‘irkxzur E&J&i?

-----------------------------------------------------------------------------------------------------
L d

4L 38 25
g% o AT B ARG
8] AR AL — o

it g Bt
xé' T éﬁﬂ 17—_?%% :IF)%L e z\: ;IE‘
%ﬁ)\éiﬁg 5 ' IN-ti i

(just-in-time)

v
-----------------------------------------------------------------------------------------------------
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© iEBLIMRIE B ARAR T AR AL T B H1) 6938 5L
o TN A AR ASAE, SHAERSGMTEER

© FIFELIMAEAEIEE 7 XK RARF
S EREFER BTN UANE L EERNATEEF

® HUETHCAETHAER CHARRYREFR. THHMES
& LaTeX: MHEAR 84 5 R 4 a7 ] 3. 4T EP 89 LAY

o Fl—ET LM SR BT A AR E R E T8 R A
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\ Compilers are engineered objects. |

<47, “Compilers”> <#h#d, “are”> <HHEIHF, “engineered” > <&, “objects”> <LERFF, O

QU= el A iy e o Rl

<ID’ (la’7> <EQ’ (l:77> <ID’ (la77> <MUL, (‘*77> <NUMBER’ “277> <MUL’ “*77>
<ID7 “b77> <MUL’ “*77> <ID’ “C77> <MUL’ “*77> <ID’ (ld77> <SEMI’ “;77>

952

2024 F A& &5 A (RiE R IE) ERFTFENER



T

jel =18 | B Al 6 F ]
© BAEEITAEN T EFHSMITH

Compilers are engineered objects.

o7

r//////:;/ \;\\\\\\*
<sh¥, “are” > ;‘ig.i-g- <&
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<ID, ua77> <EQ, u:77> expression <SEMI, u;n>

e L

expression  <MUL, “*’>  <ID, “d”>

expression <MUL, “*">  <ID, “c”>
expression <MUL, “*"> <ID, “b">

T e

<ID’ Ua77> <MUL, “*77> <NUMBER’ (‘277>
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assign
multiply Lo = ae eyl
G = bolaiEn
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B 20
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= * te = a + a
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t@=a+a/ (RIS 5 d4: input()
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oo (Rl o
a = 13 Sl =
goite L gOEONE

60

2024 F A& &5 A (RiE R IE) ERFTFENER



UNIp

vEK
@
S,
&_L]S'a

18989

67

2024 F A& &5 A

(% % 5. 32)

TR FHHNF R



F5 L ILFE

‘lLLl[

mrERALEE A BARLE EEFE S
© — & F B ARALIE 6] AN — N Z > B ARALERAE

R /] WEREEaBFHER]
iR /] WEREEDBFHERR
o SR Nitee e /] BT HFELERS
=g " b I /] mfZE dEFEERE
2 = i » BEDERE R R S AR R
t3:t2*d VlU—Q/7Q/722 //Q’e(a*Z)*b
S MUL R1, R1, R3 =/ RT < (@i i
MUL RT, R1, R4 [/ Rl < (a = 22 i eIl
ST e Y /] REFHFEERI BIETE a

62
2024 F A& &5 A (RiE R IE) ERFTFENER



& Fes DL
o EIESHEIN, HEERE AL EFEBREHARAAR

o FHENRIATEEALAEENHL, MEMEEFEHEP

IR n LD R1, s /] mEEE aFFHFERT
NERZ © ADDERESRAS SR R e R

EESR3 0 R2 T [] MedZE b B & FH R

D R4, d MUL R1:-R1, R2 " /[ RiE i syl

ADD R1, R1, R1 » BN RZE 6 /] mEEZECcPFEER?
MUL R1, R1, R2 MUL RT, R1,“R2 .= /[ Rl (a s 2y
(IR, R1/, R3 EDcaR2 i /] mEREEdBFEER?
RO, R, R4 MUL R1, R1, R2 ~ // Rl « (g % 2= b sl
e o R SEEE A /] REFHFEHER BT E 3

4 N F 2 2 N 2%

63
2024 F A& &5 A (RiE R IE) ERFTFENER



S THE

6O H A —APHLERAR R, K BATALAS NS &
© R HR AR 69 PAT B 18 (B 59 B # 40) R
AR B AT E A KIERBAETATH 46 T —NRAF
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NESuE

© ARENA—NIET B A —N1EEHIFELATH

X E / wenyan-lang JavaScript
£7§ H. 22H T varlli- =S
BIT=M . BT —8. B TH ], fET = Saiy]
E?TE%FEEIO if (EF' |
= f 1 Fn—=F, return EF'
J5F T 1 sielse

const _ansl = & - 1
var & = _ans]

const _ans?2 = PE3E(D)
var N = _ans?

CONSE ranSor— M e

=3k

wWITER | Pl— Z22B T2 1.
IRk RIZ) . 2B TRH] .
20 R DA == R Sl = S i B

téa < | T var J = _ans3
N return J
on | PEF | M, l
$
\ : \ const _ans4 = FE3E(5)
K TRESR | MA. 2o console.log(_ans4)

%5 K IR https: //ide.wy-lang.org/ ?file=factorial.
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&] 5 AAE = A&
E.E_ﬁ_'?*]_-o %ZEI rlg%ﬁj o

AT =M. LR —8,. BB,

J5AT =M E o

= B FR—=&.

55 TH 1

& 3Fo

TR A e B IR
RN T | . BB THI -
BEREEEN e S 2 P T ] .
=

e

a0 | PER | M,

i T BESE ) KA. EZ.

<DEFN, “BE745"> <NUMBER, “—"> <FUNC, “#f">

<NAME, “&z"> <IS, “8A”"> <ID, “ IBEzEl ">

<NEED, “ZRAT27"> <PARAM, “54E757> <NUMBER, “—">
<NUMBER_TYPE, “&”> <IS, “B"> <ID, “TE ] ">
<BEGIN, “/Afr=#E"> <IF, “ZE7> <[

<END, “2E38”> <ID, “ I'f&3el "> <END_DEFN, “Z#”>

<CALL, “W&"> <ID, “ TR&3& . "> <ARG, “AR">
<NUMBER, “F”> <PRINT_RES, “&=">
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<CALL, “7\]_/1'1_7,_”> <ID’ % HKE?%J ns <ARG, “ﬁ/i\”>
<NUMBER, “F”> <PRINT_RES, “E=>">

B TS | RA. EZ,

program
/ \
function_call print_result
/ \\ !
CEAINE o <OD, ¢ T3] "> <ARG, “R"> data <PRINT_RES, “E=">
|
<NUMBER, “#">
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program

function print _ i
e e AT o const _ans4 = P&3E(5)
e e et call result console.log(_ansé4)

1T statement

= B | SER—& if (BB == 1) {
%73? Bl binar‘y return } g‘fggr? it
...... expression j statement .. e

il 1
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