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Hehe ZzAA & FR=, 2 AL FACP), WA A FR(PU) Fol 1 dolth,
=l 53 SRAA Aplis Teage g diel 55 dRols Ega) il snsdel v
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(R E38]&3 0001) J. L. Hennessy and D. A. Patterson, “A new golden age for computer architecture,”
Commun., ACM, vol. 62, no.2, p. 48-60, Jan, 2019.
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A7) AE A S AR BAE FAS] AnE At MR, oEezeld Au, AFY A,
dloleiulol s Aul, st) Aul, A Au, WY AE, ESA A6 % Y AN 5L 23S 5 A

27 FdE d2Vle dE 5o, FUlAdR ole Aol EAYe= ¥4 B4 A=A, PCS(Personal
Communication System), GSM(Global System for Mobile communications), PDC(Personal Digital Cellular),
PHS(Personal  Handyphone System), PDA(Personal Digital Assistant), IMT(International Mobile
Telecommunication)-2000, CDMA(Code Division Multiple Access)-2000, W-CDMA(W-Code Division Multiple
Access), WiBro(Wireless Broadband Internet) @, 2wlE #E(Smart Phone) 53 2 EE Fie A==
(Handheld) 718k 74 Al x1&F AlA, QEx], 24, 3%, Hdo], M4, ZHE A=, & vy 283
2] (head-mounted-device(HMD) &3 22 ¢lojelE FA& EF3L 4+ rt.
2 i) w2 QTA T #HE VTS AL HEYE T sFET. ZRAANE Y e B9
2AAMZ FAE S vk, o)W, sy E= H4e] ZEAAE (PU, AP, DSP(Digital Signal Processor) &
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=2 T MM
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= s
o ZFe W& ZEAA, GPU, VPU(Vision Processing Unit)¢} 722 Z12]¥ A& Z2AA Bz NPUF 22 <
AT AE ZRAML = dvk. sy B B ZRANE, dEed Agd 7] Fed A arH e
& A Bl wE, ¥ dHlolHE AZ|shes Alofditt. i, sy B o) LZRAMYE /leAls dE
Z2AMAY A, deAle A8 ZrAME, 54 A 2o AL 5dhd stedle] e AAE -
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Aed, 4 ol&He Hud V&2 or|gA s, FAFAEY(CNN; Convolutional Neural Network), =3HAl
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ZRAME 7E MEYIE AAAY, 7d UEYIE T (train, BE F(learn)AY, FAIHE o
HolElE 7|22 dAAE Fsta, 3 232 71282 AR AS(information signal)E AASAY, FE
EYIE AFH(retrain® ¢ vk, 7 WEHTL RAEL GoogleNet, AlexNet, VGG Network 53 #&
CNN(Convolution Neural Network), R-CNN(Region with Convolution Neural Network), RPN(Region Proposal
Network), RNN(Recurrent Neural Network), S-DNN(Stacking-based deep Neural Network), S—-SDNN(State-Space
Dynamic Neural Network), Deconvolution Network, DBN(Deep Belief Network), RBM(Restrcted Boltzman
Machine), Fully Convolutional Network, LSTM(Long Short-Term Memory) Network, Classification Network &
ket TR RS T F Jdoy o) AgEHAE Ferh. ZEAAE 7 HEAY RdEd e
A w7 g gt o] ZRAME EFE F Utk dE Eo] wd WEHIE S w4 UMEHA

(Deep Neural Network)ZS ¥3+sk 4= lt}.

=

74 YE$ T+ CNN(Convolutional Neural Network), RNN(Recurrent Neural Network), 3 A41E & (perceptron),
S HAMEE(multilayer perceptron), FF(Feed Forward), RBF(Radial Basis Network), DFF(Deep Feed
Forward), LSTM(Long Short Term Memory), GRU(Gated Recurrent Unit), AE(Auto Encoder), VAE(Variational
Auto Encoder), DAE(Denoising Auto Encoder), SAE(Sparse Auto Encoder), MC(Markov Chain), HN(Hopfield
Network), BM(Boltzmann Machine), RBM(Restricted Boltzmann Machine), DBN(Depp Belief Network), DCN(Deep
Convolutional Network), DN(Deconvolutional Network), DCIGN(Deep Convolutional Inverse Graphics
Network), GAN(Generative Adversarial Network), LSM(Liquid State Machine), ELM(Extreme Learning
Machine), ESN(Echo State Network), DRN(Deep Residual Network), DNC(Differentiable Neural Computer),
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RTL Z2AIA (11)

R_0_0,0000000
00000000000
00000000000
00000000000

02
o

o HIE THE & & (12)—

Repeat until empty list of
instruction patterns

000000 -> PC
0000 —> X

B AIGHE (21) =————

| 0b000000 [“rd2 |~ rst” | 0b000 | rd” ] 00110011

w4

F1

(itc (and (=rsi1_| #b1) ( =rsi_h #x7))
((_extract 1 0) regfile@14)

#b00)

(Condition Expresion)

(True Expresion)
(False Expresion)
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Abstract syntax type

union clause ast = ITYPE : (bita(12), regbits, regbits, iop)

Decode function

function clause decode imm : bits(12) @ rsl : regbits @ Ob000 @ rd : regbits @ Ob00O10011
= Some (ITYPE(imm, rsil, rd, RISCV_ADDI))

Execute function

function clause execute (ITYPE (imm, rsi, rd, RISCV_ADDI)) = | Sail execute function header
let rael_val = X(rsi) in —_
let imm_ext : xlenbits = EXTS({imm) in Sail execute function body

let result = rsl_val + imm_ext in
X(rd} = result
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rd @ 2be11e011
rd @ 9b0110011
rd @ 2b0110011
rd @ 9b0110011
rd @ 2b0110011
rd @ 9b0110011
rd @ 2b0110011
rd @ 0b8110011

=97
1 Sail-riscv reference model: =
2 — AST =
3 union clause ast = RTYPE : (regidx, regidx, regidx, rop)
4
5 | m——— Decode funciton ——-——-—v
6 mapping clause encdec = RTYPE(rs2, rsl, rd, RISCV_SLTU) <-> 0bOQQQ00e @ rs2 @ rsl1 @ 0be11 @
7 mapping clause encdec = RTYPE(rs2, rsl, rd, RISCV_AND) <-> 0b0000000 @ rs2 @ rs1 @ ob111 @
8 mapping clause encdec = RTYPE(rs2, rsl, rd, RISCV_OR) <-> 0b0000000 @ rs2 @ rs1 @ 0b110 @
9 mapping clause encdec = RTYPE(rs2, rsl, rd, RISCV_XOR) <-> 0b0000000 @ rs2 @ rsl @ 0bleo @
10  mapping clause encdec = RTYPE(rs2, rsl, rd, RISCV_SLL) <-> 800000000 @ rs2 @ rsl @ 0bo0l @
11 mapping clause encdec = RTYPE(rs2, rsl, rd, RISCV_SRL) <-> 0b000000® @ rs2 @ rs1 @ 9b101 @
12  mapping clause encdec = RTYPE(rs2, rsl, rd, RISCV_SUB) <-> @b0100000 @ rs2 @ rsl @ 0beee @
13  mapping clause encdec = RTYPE(rs2, rsl, rd, RISCV_SRA) <-> 0b0100000 @ rs2 @ rs1 @ 0b10l @
14 Execute funciton —————v
15 function clause execute (RTYPE(rs2, rsl, rd, op)) = {
16 let rs1_val = X(rs1);
17 let rs2_val = X(rs2);
18 let result : xlenbits = match op {
19 RISCV_SLT => EXTZ(bool_to_bits(rsl_val <_s rs2_val)),
20 RISCV_SLTU => EXTZ(bool_to_bits(rsil_val <_u rs2_val)),
21 RISCV_AND => rs1_val & rs2_val,
22 RISCV_OR  => rs1_val | rs2_val,
23 RISCV_XOR => rs1_val ~ rs2_val,
24 RISCV_SLL => if sizeof(xlen) == 32
25 then rs1_val << (rs2_vall[4..0])
26 else rsl_val << (rs2_val[5..90]),
27 RISCV_SRL => if sizeof(xlen) == 32
28 then rs1_val >> (rs2_vall[4..0])
29 else rs1_val >> (rs2_val[5..0]),
30 RISCV_SUB => rs1_val - rs2_val,
31 RISCV_SRA => if sizeof(xlen) == 32
32 then shift_right_arith32(rs1_val, rs2_vall4..0])
33 else shift_right_arith64(rsl1_val, rs2_val[5..9])
34 H
35 X(rd) = result;
36 RETIRE_SUCCESS
37 )
38
39
40  =======Codgen Result:========
41 - == AST =—=meee
42 union clause ast = R_0_4 : (bits(5), bits(5), bits(5))
43 ——— Decode funciton ——————
44 mapping clause encdec = R_0_4(rs2, rsl, rd) <-> 0bR000RR @ rs2 @ rs1 @ 0b100 @ rd @ 9b0110011
45 mapping clause assembly = R_0_4(rs2, rsl, rd) <-> "R_0_4" ~ spc() ~ reg_name(rd) ~ sep() ~
46 reg_name(rsl) ~ sep() *~ reg_name(rs2)
47 | ——— Execute funciton —---wue
48  function clause execute R_0_4(rs2,rs1,rd) = {
49 X(rd) = (X(rs1) ~ X(rs2));
50 RETIRE_SUCCESS
51 )
R F]
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