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0. About Project

Project IE—

o 34N H4RE RISC-V ISA, FRAFEKREIEHLL,

o SLHITHEE: 45— RISCV {Lgids (Assembler), K52 " 2tHlHTRIF,
o SCPRREMF: {HH Logisim #&E— 1 JEH CPU (RegFile, ALU, Control Unit),
o RN MBI A — ILdmandlitastd — CPU 31Tk,

o G TEAUE MR A B (Testbench) A& B [A] DA HLaTeX],

“ XT AR Project fR2ER, TATSAERX N AT — D52 AT,
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0. About Project

e XT Project Report: X5 E# %!
1. fi1=%H— PReference CPU
2. BATAERIRA) CPU 47 M40 Reference 22— (RA] L B CHIMZERSZIN) .
3B, REZEHAMIAHG] (Test Cases) UERHIRAVIZ AT & ISA T,
4. First Principles: ~NERPH)iEL, BREFEIMTLX 2%,
e Check ¥#1i: Face-to-Face Check, Ii#iafTil 4w,
e Al Policy: AI BUfEA 2! (HR2IFHMRIREEME AT RIS 7 H 4, “AT X205, /AR
BRE” RIS R g™ E s N VR PE 57
e HDL Track: @RIRAEHEL B FMFEH Verilog/Spinal HDL, ERFE S TIEIE,
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1. Background



1.1 The Toolchain: M{CHISEI B =

Level Representation

HLL if (a <b)
d Compiler

“ IRSEREUHENFN N THWRER, HaBMRIEK?

1. B SRR AL FOAREE S (HIGHRILOW) ASM - blt i, x2, L1

2. HLESRG AR TR & HOE AR R 0 A1 1 BB — LS s g IR
f Bin  1100011...

3 CHIER : OISR — Y7, BIAILDR (), b o Lol
STR (5), ADD (). I #m#sAssemblern] DIfHiX £
B AL

4 BPOBEFHLL: WICHESMRMES TR, HIAICH
5, PythonZg, FmiFdsn] DX B H AL IRIE S o
5. Math
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© g s F IR LR BT GHREAUCIEER) Bl RN AR HEE S, AF, G
HIHEE S A BAE X HIE?

RLEHRAEXNRESHEE, BREFZARY), Hp N e NE — B/
A —ERES, ERIRE—ERES —ERE AR R R RS S BRI,

ReE

SI100B EE Part Project: miniCPU Tutorial 1: Sequence Logic & Introduction to RISC-V Dec.10 2025



1.2 IC Design Flow

X Project, IXTEESE TSR TWEAIAYT?

145 S5 Wt

0. ISA Definition 2 (RISC-V spec), FMHHLE ADD FI1TH, HAREHEE E4HE, Architect

1. Microarchitecture B #E, EM 5 ik 2ELFHIT? (Project #b) Logic Designer
2. RTL Design H1%Y (Verilog)s H HDL #2174 (Logisim 2 &k RTL), Logic Designer
3. Physical Design  PI#SEBE, %75 (Synthesis) — fifmfitk — iRE, PD Engineer

4. Fab illid, A/ E LR, Foundry

©ORX B ME R FEARIE R BT TS,
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SI100B EE Part Project: miniCPU

1.3 CISC vs. RISC:
What is RISC-V?
Fe 2 n] DA iR

e 5 % 5 & % CISC ( Complex Instruction Set
Computer): —Z&FaHLA] LKl — & R BY D) HE

e § M & © % RISC ( Reduced Instruction Set
Computing): RISCHE—FKfELREZRE "BAIER", E
EIEEd Z R LHE TR — N E RHITIRE

RISC-V gi/d 2 — Mafifa <& !

“ESERRR, SRR A NIER!

LN ES

RIERG | HiFEHR

~H

544 (RISC/CISC)

Et
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1.3 CISC vs. RISC:

From Instruction Set to Hardware Example:
TEHEE X T =R AR E, X EE: RISC-V iy ADD 54 (add rd, rsl, rs2)%E

NAMANFE (rs1, rs2) MHNIFRS
1. Datapath

RIFELE HbRar A7 as (rd) o BEPFIEE 1%
HEARZHEMIT (ALU) RELIINEE
8, RN B8 H bR E 1 s HUE,

1. ERIZHE (INEERER)
2. %%isE (5EdF)
3. BEsRlE OmE. 170#)

2. Pl (032, BER). BT LB RAINEZE, RNEVEE
o HIE, ESHmAERAETHET A CEemmay RTAFER ALUSELR
i RAE PUTHR LA B IR A9 > o BROk, BRI EE S 7

o tHELx86, RISC-VIsL M B, KEMEE, A=K
it, M/KEMEREHE Fi,
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2. Sequential logic



2. Sequential logic

1% 25 5 5188 A 7 12 48




2. Sequential logic




2. Sequential logic




2.1 5| \BjE]: MASEIRIRF

Vil R Rt AR
1ns Register <1KB

#5184 (Combinational Logic):

o Qutput = f( Input) 2ns  Cache (L1-L4) 32MB
o JCICICHE, fBmikag. WA, ST 10ns - Main Memory 845
10ms Disk 1TB

7% 4 (Sequential Logic):

C AT B AL A AF E IS RN B
e 5|\ it (Feedback) #1 IR (State)s Project 1 3% 11 & % % it & T 2 I
o Statenes = f(Input, State yrrent) Register,

o {rfifigs 2 FIZEIIIZ L,
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2.1 5| \BjE]: MASEIRIRF

¢ &1 Z 55

N HEBHEAER (Combinational Logic Circuits) 2% E FAGCAERTHES,  Hobm (SRR 2 ril i

Ao

5P

o TICIZINRE: HERBHMREEMITE, TIEICICFIRIRS, BRI NS YR NG
Ko

o TEM: TEMEIAENZ, i AT RE,

o FHENH: HTHERNZE., HdEltMMmmis, iEEFEys, FIUNAESEHEHEREEINERS. A
. Jmbday. DAY, ZERE R AZ R E

o S
o fniEds: Hlanaeings (Full Adder),
o ZPKE A (MUX): R#EESEMm A, EE—DNRE I AE SL 2 5 i,
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2.1 5| \BjE]: MASEIRIRF

example Pulladder
Decoder | E):JD
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2.1 5| \BjE]: MASEIRIRF

example

PIVESFPE -y A\ 2 A TR S — MR R Y
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2.1 5| \BJjE]: MEASEIRFRE
BY FiZ 45 FR B

WE S AMURECY TR, IR T LRI M AFRE, FoVENEESEEo, Witz (Flip-
Flops).

TR
o HiCICIRE: REWFICICUARTHVIRG, Frth OB ATk, JEERT HLE A P LIRS,
o IWHMES: RZEUN P S E I PME S TR 3RIE, INEE S 38 BV FLES AR 2580 7 BIR

ML,
S -

e DffZds: AEHEMANNIMES, Mt ERMME SR BT aC NEERYE R AR BEE S,
o THEES: BN ST EES, EREERNTME SIS E S T
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2.2 MLatch %l Flip-Flop: Latch(8ifF

° 4ify:

T ALY R TR EREE + 1355,
e f1: CLK = 1K &EW (Transparent), A\ BE#EZFED M,
o HhfF: B—R—EHEN], RMEREmETHIEEE )

TRUTH TABLE

_[J:”

2s) - BEME

INPUTS OUTPUTS

RESET (MR) CLOCK CP DATA D, Qn Qn
L X X L I
¥ 0 I ¥ L
X T L L I
X L X Qo Qo

H = High Voltage Level, L = Low Voltage Level, X = Don't Care, T = Transition from Low to High Level,

Qg = Level Before the Indicated Steady-State Input Conditions Were Established.

SI100B EE Part Project:

miniCPU
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2.2 MLatch % Flip-Flop: D Flip-Flop(fii%2%)- EBR&4EEY

o ZEH4: Master-Slave (FMNGiKY), M~ Latch 8RBk,

o Master: ~CLK %j#&; Slave: CLK Fj#.,

o 170 BMIERMI], CLK EFHEB#A], Master %4,
Slave iFTﬂ:o

o BN IEIRESHATER B B A T AR, LS T
RN RIFI R
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2.2 MLatch E Flip-Flop: D Flip-Flop(fit%23)- &R

e R: Reset HLER 1T 5 LogisimH 1A B
o clk(’h=A): P55 s
=4 == Db SET Gates
° D. _.,ﬁ)\,fa_q Q I =Plexers
o QZ %ﬁﬁl{k%ﬁ Clk | B ;‘n:::n::‘;ﬁc
L aw O e
e B Clk{ZE bW £ s
Q=D EHE:
D CIK Q Q
01+ 01
14+ 10
x0 QQ
x1 QQ
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2.2 MLatch Zl Flip-Flop: D Flip-Flop(fiik28)- KR KRN

Dt RBEENES D T

o TENFF _EAIHEAME EA, QAKBEER I resetz Sk —
(T (] 5 2 25k T2 AL, D CLK Q Q

o QUUTENSN FEFFIRA3As (Y. 0t 01

o QAEK b FHIEEISK AT — R A DAE 1T 10
o [BiZclk{Et = O HEEE RS x0 Q@
o FRAQLE0T M 0~ DI E x1 Q0@
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2.2 MLatch Z Flip-Flop: 188 (register)

o Hfih%z ardH R TTiT
o ZhitFfFasHZ ML SR, DMQENZAL
TS
7 Wiring
"1 Gates
" Plexers
"0 Arithmetic
i Memory
TL D Flip-Flop
Tl T Flip-Flop
¥, J-K Flip-Flop
$L S-R Flip-Flop
§i Register
Hii Counter
Shift Register
(- Random Generator
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2.2 MLatch % Flip-Flop: 1728 (register) BYEURE(EE
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2.2 MLatch % Flip-Flop: 1728 (register) BYEURE(EE

=E*x: F#E

oy

4]
5.
-
ﬁ iy
T
%

° ESISEE

]
|
b

L

o i, BB B HIEH BRI HMN B, B CIRER” oifnl & ¢
o PREVHAITE S SRR ER T € [t BT 4e i — B R I R R ZERY 58 —5KhE,  FIURAVHIE ARSI AL & 25
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2.2 MLatch % Flip-Flop: 1728 (register) BYEURE(EE
REx (R B FiZ5E )

“X#i T MasterfiSlavefit & 221 S H Tk




D - Qf
WE
> [

ALU-SEE - e
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=3

o clkiyHHAEECIK, NAVFECIk&A fEAREIES
o I)L*EPEI’J%Z%EE% Xl TIRBAITHAHE R, PRUECIOR BRI, THEEHIE S A RIE

e WEES5EE AHEE (Write Enable), EFIRETEIAN]L (REARETFFAN), REHMAESEERE
B NI AL Z B A8 wi — B A]
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3. Register Files



3. Register Files: The CPU's Workbench
Definition

A register file is an array of processor registers in a central processing unit (CPU).
The instruction set architecture of a CPU will almost always define a set of registers which are
used to stage data between memory and the functional units on the chip. The register file is
part of the architecture and visible to the programmer, as opposed to the concept of
transparent caches. In simpler CPUs, these architectural registers correspond one-for-one to
the entries in a physical register file (PRF) within the CPU. More complicated CPUs
use register renaming, so that the mapping of which physical entry stores a particular
architectural register changes dynamically during execution.

“  What's this?
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3. Register Files: The CPU's Workbench

#ZDX5): Register vs Register File

Register vs. Register File

e Register: CPUETIBTTH, HEFRE S FESRER (ki) FEEREIER-ERAE
BoE, XM R F 17 6.

* Registers File: FF{7asiiZ il g1 avdli) 4ERE5, A 7 BT AR S 7 ey, X 3517 as i
PRI ST —gmtt, FONFFdaedn 5 B0E T 7 asiill, B DFF I 6l E 1 e 17 dedm 52t
1151,

AJDATERE], “FEas” HEpE —dHuch R S F 7 a5

ERISCVH, FFAFEHERI RN RN 32D FFds, 798905 x0-x31,
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1ERISC-VZLoad-Store Architecture, ALULEERZLCHRAMARIEHE, S Register
FilefEy Arigud.

FERALUR) T 285 RIE N Register, {HAA] PIREZK H T Program CounterHisIEAIR B
Instruction DecoderfJ37B1%% (Immediate Number) ZE{v B RIEIEIE NEIA.
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3.1 Register Files's 1/O

i 1€ X (Ports) MAES ESnE -
clk 1 LIRS
y 2 Read Ports (rSl’ rsZ): we 1 Write Enable (58, AESERETHES A
o X¥¥ x1, X2,
ii{ o N rsl, rs2 5 AT FROMAES
e 2 [ IS 52 HH PR B8 R
rd 5 BARBERNES
e 1 Write Port (rd):
o HalizBE 4k D 32 BN rd SEHOKE
O FHE Reglirite (WE) (EREE il
=112 45 HIES fEemE Hiid
e Clock: [F2F5 1k, ALfES e it
X_rsl, X_rs2 32 rsl M rs2 MNWMNSFEPNE
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3.2 Read Logic: Multiplexing

WA 32 At Bt 142 — -

Regisler(] > .75L. Read register s
o B ZpXEH (Multiplexing), o (L A s R“‘:;[ ama A
o #iff: 32-to-1 MUX, “Resern gt
‘ &:dngmgszter /}\ p—— reg.isler d;eaazd
ﬁiﬁ/ﬁa\ﬁ _’ " I g\;rge Write g#.
Datal = MUX(Reg[0]. .. Reg[31]; rs1) 4T |

\_/

Data2 = MUX(Reg|0]. .. Reg|31];rs2)

“ W ENERAEIEO, REERM
AN () MUX!
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3.3 Write Logic: Decoding

anfal L5 N HbREF A7 852 e
2 . 0 "—D_C Regisler 0 Read ist
o JiBL: PR (Decoding)s, : 1 —gy - — umber 1 Read
. Regisler number —1+ d:-;oor-jlr D_C Register 1 Read reaict data1 [
o Hff: Decoder + AND Gates, o Ao s Road regiter
n 5 Write Register file
» » n= — register
ﬁiﬁm% : ) "j‘D_ Céegistern— 1 _3}_. Write d::azd B
—D_= D data Write
» . . C "
L. ¥ Signal; = (rd == 1) (One- egtr ot % _ Regiser
hot)
2. HE

WE; = Signal; N\ RegWrite

O ﬁ%ﬁ@RegWrite%é\Elg{%ﬁE{%%
3. 1% : WE; #%| Regli] B Enable

it

SIlCI)B EERPAE IO I O ATV IE )y dutggial 1. Sequence Logic & Introduction to RISC-V Dec.10 202627/47)



YR i#NFlip-FlopeYigit- Setup & Hold Time
PRI OISR R 2ZS, (S FEEIR, X /ZMaster-SlaveZity i R PTERAAHT,
1. Setup Time (t,,): "Master X[ Jiii, & NBFHLER, "

o £ LAIEEIRR, HA D BARFHEE
o Jg&: AN Master <[ BRI =#MW R, SEOLEEEA (Metastability),

2. Hold Time (¢3,): "Master X[ 15, @FiA1#5% T, "

o T ETHIG, WA D RMUREIRFRE
o JaR: Pil-BERAE 7R IRIERITTHE,

“ Takeaway: NEHURARETCIR =, FOVEHELMEALE Setup Time Z HiFUISEH & 124 I,
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B : Register AEB4HI (T4HC175 Example)

7
D filt %z #y ELE# (Edge Triggered): o —:.
P o
CLK D Q (Next State) oy = Oy
T 0 0 (Sampled) ) . of o
+ 1 1 (Sampled) N Ho L
0/1 X Q (Hold) —.

B A (74HC175) NERELE 4 4~ D-FF, #H/ CLK fl Clear (5, X
Hmt 2 —1 4-bit Register,

Register (100,300)

FPGA supported: [ Supported [

Data Bits 8
7 .. . - . Trigger Rising Edge
Logisim Hf Register Afizg Flip-Flop BIREA, Label
Label Location T North
Label Font SansSerif Bold 16
Show in Registers Tab No
Appearance Logisim-Evolution
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4. Memory Component
In Logisim



4.1 Register in Logisim

PR HE

e Trigger: Rising Edge (LA, &
Z% High Level (BB Latch!),

e Data Bits: 32 (RISC-V #Rriff),

e Label: /E#tric (W0 PC, IR),

PRI

o ZIfazk: ZIKANHSE (Conflict),
o Hthzk: RiER: (Floating),

® Reset [E51H H‘v‘ﬂzﬁ“ﬂ?m

Try Register:

e Try to pass data
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4.2 ROM (Instruction Memory)

... ... ... ... ROM (Read-Only Memory)
L ' J.oy g ROM26xE
'z;f}f‘\ﬁffffffffffff;_ffffffffI”VVV”ff o TEi: HEZBHE, Lk, SZETH
T
—looooocomon A4 000 © Ji&: fFfiEHES (Text Segment),
__isjoooo00000000 M o M#: ¥ -> Load Image -> IN#EHL
_lefooooo0000000 A .
"24000000000000"'Ai_'::::::::::::::::::: %%E—U:’X,ftl:o
__2al0000offoooo] A4
" TryROM:
e (Create
e Modify
e Read

e Try different addresses
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4.3 RAM (Data Memory)

RAM (Random Access Memory)

e D0, Dy —RAM 2%6x8 1
710 0

A y =] 3

R @—@:lg% ng?t_tgﬁ“ean*;'g]e] S o 'lﬂfﬁ! H{”?l??ﬁ (—-’3 fl?ﬁﬁzﬁ@#iﬁ CLK)O

5 D 00600060 “0213 18[00 00 00 00 00 00 AJE&'. o m ¢ ﬁaﬁ@}x
| jepoooooooc00 ~21 1 o Select "Separate Load and Store ports".
;F"’Ezwooooooooooo e | ISR M ETHs = 1 Ay i LA
S et | o ﬁﬁﬁf L/{!EIH]“ % ¥f Read il Write 4, &M
[eee_36loo 00000000 00] ar2lq ZRMI BRI
::A,‘l,.%‘ 3c {92300 00 00 00 00 'A,1,2:': e o . = — -
8 35 o o [FE: RAM Y Address width 2 EHESEL,

Try RAM:

e (Create

e Modify

e Read & Write

e Try different addresses
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4.4 Build Your Program Counter

The Heartbeat of CPU ¥s—/mini PC:
PC AJi_EHZE— 32-bit Register, {HERE T

> L A T .
CPU 9238375, 1. Storage: W& —" 4-bit Register,

2. Compute: E#: Adder i &

&R T2 (State Transition): 3. Feedback: Adder fitli — Register A b,
4. Init: Z000%HEE Reset (JEEFGEI N 0x0),

e Sequential Execution:

PCheat = PCeurrent + 4 “ Critical Thinking:
MR %A Clock #= il Register (Hlla0 = H T

A
“ Why +4? RISC-V $§4 ¥ 32-bit (4 Bytes), Latch), IXPRUESRAEMA?

NAF 17 T gLk,

e Branch/Jump (Future): PC,.: = Target
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RS
NX Tutorial, FATEITRE:

e Release Project Document: ${1= Release FA1H Project ZR A

RISC-V ISA Deep Dive: Hai# A RISC-V {5885

e Logisim Advanced: Logisim HJ#RME AT, HITBIEIFEANTRY mini CPU G scffk! )

e Assembler: FEETESHEMNYS, (RA]DIFFELEIIRE RISCV iLdwds 7. KiSERERIEE— T
I masst BaL 13| Logisim Memory File A

19

Homework:

1. 35 RN FFEE
2. Build A Program Counter
3. fi1>] RISC-V E:hilifig 483,
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Welcome to the world of Computer

Architecture!

@ Presented by Qihang Yan
@ ShanghaiTech University
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