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Fitavrik. FEECISCHIRISCHAMNGIHES
— CISC (Complex Instruction Set Computer)
- Bix: BAESIIRE, MNESHESFRE, LURSERSIERE
- BEARGZE BRBEMEFRLE, BRERESHmFIFAINMAL
— RISC (Reduced Instruction Set Computer)
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review: HAYISA

Free and Open

64-bit Address V v \ N J J
Compressed Instructions Y \ Partial
Separate Privileged ISA v

Position-Indep. Code Partial v \ \
IEEE 754-2008 v J
Classically Virtualizable V v v N

MIBISATERIL ERIMRIE: RAREEREER, (BIRAREREFEEE,
Intel, ARMRBIRBEIEIERIINERER: ESRETREER!
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2.3 ISARYSEIR]
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RISC-V ISA

+ UC Berkeley igitHISE5ARISCIESS

A

- RIHEE (JESE1E) . BARJISA

- BEENMMEMERIBRAIIESIRE, FIRRUSEET BT SFZMRRERI RS,

- BERES BRI TR RMRIZIES.

- ENFESEIRR, SEsAmEJES) (FPGA) | TREMEEE (ASIC) |
EEHICH, BEERFEAIRA,

- MATBMIAREHESSI S EE. Fial:

. RERFREEEf TS, AL RITIK ., BRARS SRR ESS.

- XfFERME, RATEHERINEREN, BEERERITHE, NNRSFAIE
ZMHTIRS.

- EhipVESRERIERERN. BRKFA, ITEAIAMD Am29000. Digital
Alpha, Digital VAX, Hewlett Packard PA-RISC, Intel i860. Intel i960,
Motorola 88000, LAKZilog Z8000,

- TR
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IRANER

- JGISAS REEGLISATNRTiERY EER S

- ISARYEGLERD BISHER. &, TLX%?#&—?—%DHM\T&IEE%
BIEESINERERAEHIRTT, BEBTE, MLIETIRHK,

- T REpiIEETERMEEE, F2FH Mﬂﬂ#
— XFF32(AN64aibuE =S |E]
- BERBRMAZEKRI BISA BSEHE)
—- BIEEES RTINS I IES
- XIEHTEKIESEN R
- BEATIRSAEEE, AT EUNEENISAY EBIN=SE
o RHMIICIRHER B RS2
« RBARERISATISBUERISARIERZR) (1BEMIZ, BAKET)

— ERIFRPNARER ZHGECO(AB)RESMRIREE, AifcEE
ML, FRFERNISARHTSEIRMIL
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RISC-V ISARY4ERS

- EHIR:
BSD ‘IM .I/J:\ 7‘1: 'L fl:\ IIJ\\I:I
EE?E LMAKTFF 5(1, HELISCER %EE)
- BRIJiRjER
— AR —MMAR SIS SIS BRIZRIEIR T
- FMHYE<SE, i®BMEE (backward) FRESHIEM
— A PRITREL..... (El1.6)
- IRRMECAIE SRR
— RV32IFIRV64IE2EARYISA, AIH RIEINEMEIERISIT
- EAHEHEH, ZTH FTEEE=
— ZFF32{iFN64 it uEZSE]
- ERSEHT e AR S
- BRMECHEAR 0 il o

ﬁ E:.F[ aumann 2 ]B‘]E 1K —&4.
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Subset Name
Standard General-Purpose ISA « RISC-V |SAEE)‘(:
s i 1 —ANEFWEHISA + ISARIT R
Integer Multiplication and Division M e
Atomics A (E-IIL)
Single-Precision Floating-Point F - HARIEELISA:
Double-Precision Floating-Point D _ RV32| or RV64]
General G = IMAFD e
Standard User-Level Extensions — RV32[Y3E(K RV32E
Quad-Precision Floating-Point Q — RV128I
DL‘CI'IIIHI‘ Floating-Point | L* . EBARHEHISARTILUMER
16-bit Compressed Instructions C . _
Bit Manipulation B ¢ ;FEHgISAﬁ,g: *ITIE;FE*“HE*IT
Dynamic Languages J ;E}r' E
iy . - T RERSEREN, TS5
acked-SIMD Extensions P H{m*j—_lﬁj:}-\-gﬁ;qlg—é
Vector Extensions Vv Z=TIR
User-Level Interrupts N - iE*ZFIﬁF— E_ﬂﬁ‘é%ﬂfﬁ%%ﬁ’g;ﬁj
Non-Standard User-Level Extensions Re S EtIR AR ARV IR,
Non-standard extension “abe” Xabe
Standard Supervisor-Level ISA
Supervisor extension “def” Sdef
Non-Standard Supervisor-Level Extensions
Supervisor extension *ghi” SXghi xhzhpu@USTC 9




RISC-VAES RIS

IO aR

16-bit (aa £ 11)

IEOECEENE NN | xorxrxcxxxbbbl i

32-bit (bbb 3 111)

SR & & &

Yoo | roeoceoexxdi1111 | 48-bit

- XXX

A l oo x0iiiiii

64- bit

DR & & &

IMMXIIXAE OO Y | Xxonmeaaex 1111511

(80416 *nmn )-bit, nonz£ 111

SR & & %

IO YAy | X1idwxarexBi11311

Reserved for >192-hits

Byte Address: base+4

hase4-2

hase

Figure 1.1: RISC-V instruction length encoding.

- EFRIB32(UEBISAIESKE32(i,
- I RAISASZIERESHE, 8F

&,

2021-3-26

HEIESHIL TR

BSHIHR2F BRI
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MLEN-1 0

* Program counter (pc)
+ 2P EBAINEFFar (x0-x3]

- x0BE0

- HfF=afIfEl: XLEN

- BRMEHSHUISI
- ARSI
- B

P8 AT RN B O A AT A (5

Y ER R R D R

Wi H|H ||| HEPE ||| =
ﬂﬂubumﬂuulﬂl—lh‘l—'l—ll—'l—'l—'lﬂl—'“
=] & & || ] ] - ] ] ] ] k=] ] e

x5
b a0
xdl

XLEN
XLEN-1 0

| PC |
XLEN

Figure 2.1: RISC-V user-level base integer register state.
2021-3-26 xhzhou@USTC 11



RISC-V 32IEARIESHRZ

7-bit opcode field

Reg. Source 2 Destination Reg. (but low 2 bits =11,)

Additional opcode

bits/immediate
Reg. Source 1

) x

31 30 25 24 21 20 19 15 14 12 11 8 7 6 0
funct7 rs2 rsl funct3 rd opcode | R-type
imm|[11:0] rsl funct3 rd opcode | I-type
imm|[11:5] rs2 rsl funct3 imm|[4:0] opcode | S-type
imm[12] | imm[10:5] rs2 rsl functd | imm(4:1] | imm[11] | opcode | B-type
imm[31:12] rd opcode | U-type
imm|[20] imm|[10:1] imm|[11] imm[19:12] rd opcode | J-type

2021-3-26 xhzhou@USTC 12



RV32I| FBIESHR, F(FE, BREHRFRaEEMSIRGY

2021-3-26

31 2524 2019 1514 12 11 76
imm[31:12] rd 0110111
imm[31:12] rd 0010111
imm([20[10:1]11]19:12] rd 1101111
imm[11:0] sl 000 rd 1100111
imm{[ 12|10:5] rs2 sl 000 imm[4:1|11] 1100011
imm| 12|10:5] rs2 sl 001 imm[4:1|11] 1100011
imm|[12|10:5] rs2 sl 100 imm[4:1|11] 1100011
imm| 12|10:5] rs2 sl 101 imm[4:1|11] 1100011
imm| 12]|10:5] rs2 sl 110 imm[4:1|11] 1100011
imm|[ 12|10:5] rs2 sl 111 imm[4:1|11] 1100011
imm([ 11:0] rsl 000 rd 0000011
imm([11:0] sl 001 rd 0000011
imm[ 11:0] sl 010 rd 0000011
imm[ 11:0] sl 100 rd 0000011
imm| 11:0] sl 101 rd 0000011
imm[11:5] rs2 sl 000 imm{[4:0] 0100011
imm[ 11:5] rs2 sl 001 imm{[4:0] 0100011
imm|[11:5] rs2 sl 010 imm([4:0] 0100011
imm[11:0] rsl 000 rd 0010011
imm([11:0] rsl 010 rd 0010011
imm([ 11:0] rsl 011 rd 0010011
imm| 11:0] sl 100 rd 0010011
imm| 11:0] sl 110 rd 0010011
imrri[ll:'ﬂ]I sl 111 rd 0010011

xhzhou@USTC

U lui
U auipc
J jal

[ jalr
B beq
B bne
B blt
B bge
B bltu
B bgeu
I[lb
Ilh

I lw

I lbu
I lhu
Ssb
8 sh
S sw
I addi
I slti

[ sltiu
[ xori
[ ori

I andi

13
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31 2524 2019 1514 1211 76 [i]

' 0000000 shamt rsl 001 rd | 0010011 | 1slii
0000000 shamt rsl 101 rd 0010011 | Isrli
0100000 shamt rsl 101 rd 0010011 | I srai
0000000 rs2 rsl 000 rd 0110011 R add
0100000 rs2 rsl 000 rd 0110011 R sub
0000000 rs2 rsl 001 rd 0110011 R sll
0000000 rs2 rsl 010 rd 0110011 R slt
0000000 rs2 rsl 011 rd 0110011 Rsltu
0000000 rs2 rsl 100 rd 0110011 R xor
0000000 rs2 rsl 101 rd 0110011 | Rsrl
0100000 rs2 rsl 101 rd 0110011 R sra
0000000 rs2 rsl 110 rd 0110011 R or
0000000 rs2 rsl 111 rd 0110011 R and

0000 pred suce 00000 000 00000 0001111 | I fence
0000 Q000 0000 00000 001 Q0000 0001111 I fence.i

000000000000 00000 00 Q0000 1110011 I ecall
000000000000 00000 000 Q0000 1110011 I ebreak

Csr sl 001 rd 1110011 | I csmrw

Csr rsl 010 rd 1110011 I csrrs

Csr rsl 011 rd 1110011 I csrre
Csr Zimm 101 rd 1110011 | I csrrwi
Csr zimm 110 rd 1110011 | I cssrrsi

Csr zimm 111 rd 1110011 | I csrrei

xhzhou@USTC
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RISC-V ISA /N5

- RRUERIESE
- MERS SR
° EE*“E(HF &
. fiIEREAEIE S FE

- BEEHZIT SRiFaaSCIN
— BRI Bk, AMERDSIERE, NMERESFIES
— FEESHAES—RRIBE—1 TR

- VARSI EEESHIRSN

- BRZEFEs, T JHLoad/Storefg<
ERAHALURSE— PR, BRITIIES ST
j' \

— ISA SFHE TR

\n
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23 ISAHYSCI]

N, RISC-V
5] 1. SC 3]
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Recap: N+AFRIGHERFIEE!

. WA — SR TE S SIS ZRISA

» CISCHz2 B A& REiEEFRAY
— CISGES &R 12 (£ (x86, IBM360,
PowerPC)

. FEENER(IIEAEEARIRTAMCISC->RISC
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R S 2R R

o RMEEEIRITAILAS \tdatapathiFEIControlerﬂﬁ*‘B
— datapath, FEEUE. EANZEZHERIT. NS IESRRE
— control, I=HIEIEER _ FAI—FKFERE

Control

Instruction| Contral Lines | Condition?

Datapath
PC
Inst. Reg
Registers
N (WA

Busy? APdress Data

Main Memory

2021-3-26 xhzhou@USTC

EHH HTT BRI RIS

ZEI

ZHZAERYIERIE

! Maurlce Wllkes ]:IEIIZI:IIT ﬁz}'“lx

5 (EDSAC I, 1958)

=_—L’|ETE’JT357I<7J<$

Logic: Vacuum Tubes

Main Memory: Magnetic cores
Read-Only Memory: Diode
matrix, punched metal cards, ...
Cost: Logic > RAM > ROM
Speed: ROM > RAM

18



1
= |A_in = |A_oul = MDA_in 7= MDA_oul 2= Temp_oui

IR: o addr MDA —+
bt b
decooer aluadd «~ ALL
'BRE

kad, add, store, bz
| I_ commalsignals Temp
T

| | comiolunid circuln

ook — =

Figure 1. Simple data path for a four-instruction computer (the small circles represent control points)

. . (opcode 00) load address : ACC <- memory[ address ]
Data. path, Control Unit (opcode 01) add address : ACC <- ACC + memory[ address ]

*  Register Transfer (opcode 10) store address : memory[ address ] <- ACC

«  Control Signal , Control Point (opcode 11) brz address : if( ACC ==0) PC <- address

«  Macroinstruction, Microinstruction, Microoperation

- HGBEIEHIRENERESIRE
2021-3-26 xhzhou@USTC 19



A Simple Example

(opcode 00) load address :
(opcode 01) add address :
(opcode 10) store address :
(opcode 11) brz address :

ACC <- memory[ address ]

ACC <- ACC + memory[ address ]
memory[ address ] <- ACC

if( ACC == 0 ) PC <- address

Figure 2: Instruction definitions for the simple computer

ACC in
ACC out
aluadd
IR in

IR out
MAR in
MDR in
MDR out
PC in

PC out
pcincr
read

: ACC <- CPU internal bus

: CPU internal bus <- ACC

: addition is selected as the ALU operation
: IR <- CPU internal bus

: CPU internal bus <- address portion of IR
: MAR <- CPU internal bus

: MDR <- CPU internal bus

: CPU internal bus <- MDR

: PC <- CPU internal bus
: CPU internal bus <- PC
:PC <-PC + 1

: MDR <- memory[ MAR ]

TEMP_out : CPU internal bus <- TEMP

write

: memory[ MAR ] <- MDR

Figure 3: Control signal definitions for the simple datapath

2021-3-26

time steps TO-T3 for each instruction fetch:
TO: PC out, MAR in
T1: read, pcincr
T2: MDR out, IR in

T3: time step (if needed) for decoding the opcode in the IR

time steps T4-T6 for the load instruction:
T4: IR out(addr part), MAR in
T5: read
T6: MDR out, ACC in, reset to TO

time steps T4-T7 for the add instruction:
T4: IR out(addr part), MAR in
T5: read
T6: ACC out, aluadd
T7: TEMP out, ACC in, reset to TO

time steps T4-T6 for the store instruction:
T4: IR out(addr part), MAR in
T5: ACC out, MDR in
T6: write, reset to TO

time steps T4-T5 for the brz (branch on zero) instruction:
T4 if (acceq0) then { IR out(addr part), PC in }
T5: resetto TO

Figure 4. Control sequences for the four instructions

xhzhou@USTC 20




ARE R

Control unit PCWrite

PCWriteCond
lar[
Microcods mamory MemHAead Datapath
MemWrite
IRWnte
BWWrite
Cutputs < |MemioReq
PCSource
ALUOp
ALUSrcB
ALLISreA
RegWrite
RegDst
AddrCtl

Input

Microprogram counter

I

Address select logic

'

f 3

Instruction register
opcode field

AGURE C.4.6 The control unit as a microcode. The use of the word “micro” serves to distinguish between the program counter in
2027 the datapath and the microprogram counter, and between the midvabele @606 and the instruction memaory. 21



M30 M40 M50 M65
Datapath width (bits) 8 16 32 64
pinst width (bits) 50 52 85 87
ucode size (K pinsts) 4 4 2.75 2.75
pstore technology CCROS| TCROS BCROS| BCROS
ustore cycle (ns) 750 625 500 200
memory cycle (ns) 1500 2500 2000 750
Rental fee (SK/month) 4 7 15 35

« Only the fastest models (75 and 95) were hardwired

2021-3-26
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6027 0FMIEF 21T

- ROMLEDRAME R
—%E&%%%F (BFE) . £F (BICEFHESE) . ROM (Z
=]
— IR FEAEROM ALY BINEZUES
- WFERINESE, RAMERITHEAES
datapathfllcontrollersEE{§H. HFE
— #FHYFES (1540 floating point) BJLAFEAMEEEN
AN
— (S HIEEHIbugE R 7
+ ARBSHNEESCIMISARFRSIEERE. PEFEH(E

f% 7 (BEREkE (EaeESEE, PRIBITRAR
KRARIEFES

2021-3-26 xhzhou@USTC 24

S EhEE

N



VAX 11-780 Microcode

! PAWFUD,!  }[600,1205) MICRO2 1F(12)  26=May=81 1415811 VAX11/780 Microcode 3 PCS 01, FPLA 0D, WCS122 ‘age 171
) CALL2 ,Mic (600,1205) Procedure call ¢ CALLG, CALLS .
129744 JHERE FOR CALLG OR CALLS, AFTER PROBING THE EXTENT OF THE STACK
129745
129746 =0 '.-.----------.-----..--.-------'CALL SITE FOR MPUSH
129747 CALL,7: D.Q,AND,RCI[T2), JSTRIP MASK TO BITS 11=0
6557K 0 U 11F4, 0811,2035,0180,F910,0000,0CD8 129748 CALL,J/MPUSH ?PUSH REGISTERS
129749
229750 ’----------.----------.---------,RETURN FROM MPUSH
3297514 CACHE.D([LONG), JPUSH PC
6557K 7763K U 11F5, 0000,003C,0180,3270,0000,134A 129752 LABLR[SP) } BY SP
129753
129754 jereesncccrancccnnasncennenncane
6856K 0 U 134A, 0018,0000,0180,FAF0,0200,134C 129755 CALL.8t RISPI&VA_LA=K[,8) JUPDATE 8P FOR PUSH OF PC &
129756 :
129787 jerenncsnncrnnncncnnsnnnesenanane) "
6856K 0 U 134C, 0800,003C,0180,FA68,0000,11F8 129758 D.R(FP) JREADY TO PUSH FRAME POINTER
129799 :
’ 229760 =0 o ranconccrsnsonccasnannnennsase)CALL SITE FOR PSHSP
129761 CACHE.D[LONG], )STORE FP,
129762 LAB_R(SP), ! GET SP AGAIN
A . 129763 SC.K[.FFFO), 1=16 TO S8C
6856K 21M U 11F8, 0000,003D,6D80,3270,0084,6CD9 129764 CALL,J/PSHSP
129765
129766 jerasncnccransrenscsnccnasnssnan)
: 129767 D.R(AP], JREADY TO PUSH AP
6856K 0 U 11F9, 0800,003C,3DFr0,2E60,0000,134D 129768 Q.ID([PSL) ? AND GET PSW FOR COMBINATIO
129769 i
129770 jeneconncanannessonsnncncnnasane)
129771 CACHE.D(LONG), $STORE OLD AP
: ' 129772 Q.0,ANDNOT, K[, 1F), $CLEAR PSW<T,N,2,V,C>
6856K 21M U 134D, 0019,2024,8DC0,3270,0000,134E 129773 LAR.R[SP) JGET SP INTO LATCHES AGAIN
‘ 129774 :

22977% jerennoncnsannsrnscacacasnnancna) )
6856K 0 U 134E, 2010,0038,0180,F909,4200,1350 129776 PC&VALRC(T1], FLUSH,IB } LOAD NEW PC AND CLEAR OUT
129777 :

229778 jempenrnnennnecccnsensenssansnene )
$129779 D.DAL,SC, )PSW TO D<31116>
129780 0.RCIT2), JRECOVER MASK
1297814 SC.SC+K(,3), JPUT «13 IN SC
6856K 0 U 1350, 0D10,0038,0DC0,6114,0084,9351 129782 LOAD,IB, PC.PC+1 $§START FETCHING SUBROUTINE I
229783
129784 jereccnccacancacnscnnnacsacnnnrel
129785 D.DAL,.SC, JMASK AND PSW IN D<31:03>
129786 0.RCIT4), #GET LOW BITS OF OLD SP TO Q<1:0>
6886K 0 U 13%1, 0D10,0038,F5C0,F920,0084,9352 129787 SC.SC+K[,A) : JPUT =3 IN SC
: 129788

2021-3-26
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BOFACHIRIMAEHIN

- WIEFRANHEREE 7T BERIMERESIRIES

—- EZ4ESESHucodeEEFIEF AR
—- EE(EEEHERTNbugSUROM HRIEE M hsE
— =>Writable Control Store (WCS) (B1700, QMachine, Intel

432, ...)
+ [EEBAHISERBIEREAREIR, BXROMHIRAMEER
ERigEETH

- BiEEMY. FiEEMY (RAM, ROM) 19XFBMOS&EARE LI
— ¥EARAMSROMBYZEUEEER

- EEREFRRANHSEFIESTEESABIALEE

- BEEREIEEARNHYE (pipeling, caches and buffers) ,{&
1 HifhiTreg-regigaSkZE7TINS|

[ =] C S
F=>|a

2021-3-26 xhzhou@USTC 26



BOFH]: iERREHI a1

AERESHERAER

- XBAR: WiFSESENRTAES?

IBM#JJohn Cocke[ZIPA

— JUNBUTEINN801 (ECL Server) FFA T AR ISA FmiZee

- i%*E:@U'BMWO, {NfERIIBM 370R0EI SRS 7R - Fea i load/storetg

4
- &Il: 5JRIBM 370t8LL, 4BEfRE3X

80E{X#], EmerfliClark (DEC) 4

— VAX 11/180 CPI = 10!

- BARETIMIPSHYES, SEFRUHE4EERZ0.5MIPS

— VAXISA 19 20%18% (AT 60%RIMA3) (XEAT 0.2%H9H1THdE
VAX8800

— 5IFE: 16K*147b RAM, Unified Cache: 64K*8b RAM

—  EEFEHEERcache FE/Y4.5x

2021-3-26 xhzhou@USTC 27



From CISC to RISC

- (ERRERAMAZE

PERfE:

TR B R AR

HITHHECHIIESER,

- BEYERFTHNNEHEREFIITANER, REnFERE
SREEIIE L ZeH YK G D TV T
— REEURIFRENRICRERERT o ERNCISGES
— BIERANE BTSSR Ak /I AT BE
- ShRERENIRSHERINISE

— {ERESERIISA, LI

- 80FH], B H EBEALIS

BYcache

=k 32-bitAVEHEE RS I0_E /)N

- REHBR NRBECHENEE, (E5EEEF

2021-3-26
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Microprogramming is far from extinct

- SOFENHIEFI= RS 7 XE(ER

« DEC uVAX, Motorola 68K series, Intel 286/386

- RIS RIEFE I RIEAIR A &

— e.g., AMD Bulldozer, Intel Ivy Bridge, Intel Atom, IBM

PowerPC, ...

- KEHUEOR

BTz e

- FEENESHESRIIESHK

J Az

- ©hRbughfE2E (FI1+07T) HlalintelhIBzETE
bootuppfiErr]2=F R IBAUAYpatches

— RIF/RAMSAE

2021-3-26

xhzhou@USTC

SFTEREMAB IR, HSHRRARUCE
TrEImRIZxMNEER/ W R L EilFiHE
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23 ISAHYSCI]

R
Ve
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RISC-V 15T ER

* Instruction Fetch

* Instruction Decode

 Register Fetch

« ALU Operations

« Optional Memory Operations

- Optional Register Writeback
 Calculate Next Instruction Address

2021-3-26 xhzhou@USTC
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LRI

Opcode o Condition? Busy?
_ JERuy RN = - %
Z |2 -1
c | € RegSe_fA\—J Di < D > )
\ 1 Address G\?/ <
Db 2 [99] \K\ &
Q 1) < s e a] &J
“lll& Tlo & - 3 Mai
{SHs| |&8|=||]||% D S 1N Ik
2| | ek g 9 < : Memory
S o0 [ |
el E L < ()}
2l = o ﬁ/// >
£ LA Data OutIn
, © | |
—
<
ImmE l RegEn i; T ALUEni MemEni

e CHITFesEmdaR

« MA:=PC means RegSel=PC; RegW=0; RegEn=1; MALd=1

« B:=Reg[rs2] means RegSel=rs2; RegW=0; RegEn=1; BLd=1

« Reg[rd]:=A+B means ALUop=Add; ALUEn=1; RegSel=rd; RegW=1

2021-3-26 xhzhou@USTC 32



Mz RTEH) CPU

Main Memory

(holds user program written in macroinstructions, e.g., x86, RISC-V)

2021-3-26

xhzhou@USTC

v . .
v |5 : Microcode ROM
QO 'S . :
> S % Decoder ! (holds f/.xed ucode
> |8 | € ' instructions)
© 0O |8 Z
Control Lines
Datapath
Address Data

33



Microcode== (1)

Instruction Fetch: MA, A:=PC
PC:=A+4
wait for memory
IR:=Mem
dispatch on opcode

ALU: A:=Reg[rs1]
B:=Reg|rs2]
Reg[rd]:=ALUOp(A,B)
goto instruction fetch

ALUI: A:=Reg(rs1]
B:=Imml //Sign-extend 12b immediate
Reg[rd]:=ALUOp(A,B)
goto instruction fetch

2021-3-26 xhzhou@USTC 34



Microcode =& (2)

LW: A:=Reg[rs1]
B:=Imml //Sign-extend 12b immediate
MA:=A+B
wait for memory
Reg[rd]:=Mem
goto instruction fetch
JAL: A:=PC // 20200305
Reg[rd]:=A // Store return address
A:=A-4 // Recover original PC
B:=ImmJ // Jump-style immediate
PC:=A+B
goto instruction fetch
Branch: A:=Reg[rs1]
B:=Reg[rs2]
if {ALUOPp(A,B)) goto instruction fetch //Not taken
A:=PC //Microcode fall through if branch taken
A:=A-4
B:=ImmB// Branch-style immediate
PC.:=A+B
goto instruction fetch
2021-3-26 xhzhou@USTC 35



XF ROM *f)u?;”iﬁzf' sl

g T
Address
ROM
Data

Next pPC lControI Signals

How many address bits?

|uaddress| = |uPC|+|opcode|+ 1 + 1
How many data bits?

|data| = |uPCJ+|control signals| = |[uPC| + 18
Total ROM size = 2Ivaddress|x|datal

2021-3-26 xhzhou@USTC
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Address Data
uPC Opcode Cond? Busy? | Control Lines Next pyPC
fetchO X X X MA,A:=PC fetch1
fetch1 X X 1 fetch1
fetch1 X X 0 IR:=Mem fetch2
fetch2 ALU X X PC:=A+4 ALUO
fetch2 ALUI X X PC:=A+4 ALUIO
fetch2 LW X X PC:=A+4 LWO
ALUO X X X | A:=Reg[rs1] ALU1
ALU1 X X X | B:=Reg[rs2] ALU2
ALU2 X X X | Reg[rd]:=ALUOp(A,B) fetchO
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R g B R SR i bl Ees A

- HUEMERB3IMMRE

. RISC-VIiESHH12 A

+ BHE—RIESEESRMES (Bfdispatch)
- it 3+12*5 = 63FMIES, ElLk pPCEE6(i

- IESIRERE

| (Opcode)5 fu, BFHIES ~18MEFIES

o fsssEagA = 2(6+5+2)x(6+18)=213x24 = ~25KiB!

2021-3-26
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Opcode fetchO

Decode l |paddress| = |uPC|+]opcode|+ 1+ 1
S p— - v |data| = |uPC|+|control signals|
_ [J.PC +1 . _ dd
i Total ROM size = 2Ivaddress|x | data |
Y/
Cond?% uPCJump Address
Busy? -7 Logic ROM
Data
. +
MPC jump lControI
Signals

HUPC jump = next | spin | fetch | dispatch | ftrue | ffalse

Reduce ROM height (#address bits)
i FA 4130 2B 48k 4 A #input
Reducing Control Store Size { BT 4 R VERL IR/ #state
Reduce ROM width (#data bits)
UPC 4w $5

25 S 4mhS(vertical pcoding, nanocodmg)
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UPC Jump 38

- next: increments uPC
« spin : waits for memory
« fetch : jumps to start of instruction fetch

 dispatch : jumps to start of decoded
opcode group

 ftrue/ffalse : jumps to fetch if Cond?
true/false
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iEFFEHF s ROMFRINE

Address Data
uPC Control Lines Next uPC
fetchO MA,A:=PC next
fetch1 IR:=Mem spin
fetch2 PC:=A+4 dispatch
ALUO A:=Reg|rs1] next
ALU1 B:=Reg([rs2] next
ALU2 Reg[rd]:=ALUOp(A,B) fetch
BranchO A:=Reg[rs1] next
Branch1 B:=Reg[rs2] next
Branch?2 A:=PC ffalse
Branch3 A:=A-4 next
Branch4 B:=ImmB next
Branchb PC:=A+B fetch

2021-3-26
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25 SCI

e 5
FXEFIES

Memory-memory add: M[rd] = M[rs1] + M[rs2]

Address Data

uPC Control Lines Next uPC
MMAO MA:=Reg|rs1] next
MMA1 A:=Mem spin
MMA2 MA:=Reg|rs2] next
MMA3 B:=Mem spin
MMA4 MA:=Reg|rd] next
MMADS5 Mem:=ALUOp(A,B) spin
MMAG6 fetch

SRESHEMBE AT EEIE

HES o RS RER)
RS h T A 2 E

2021-3-26
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— Bits per plnstruction

# ulnstructions

IKFEMmISAYIKIFBIRY:

55

- SRR ES MR
- BERES (159) BEROMMEES

—- WA (UR(F) WS = MiESRE (SBRESRINED

S AN

- EEMRWIEBAERBIR:

A<

- BENEERMIESRE— SURBEIR
- TEHAIEEEES R RMIAHIES
- BEKIES (59) BEESHMISS

- HE (UES) W8 = MIESEE (BFRDIINED

« Nanocoding

— IKFEHESHIEERMIESNEGS

2021-3-26

Reduce ROM width (#data bits)
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Nanocoding

MM ESHIEHIE SR,
EREEMIESTIK RIS

2

ALUO A Regq[rs1]

PC (state) pcode
next-state
pnaddress
ncode ROM

ALUIO A Regrs1] nanoaddress

nanoinstruction ROM
data

NRERRRRE

« Motorola 68000 had 17-bit pcode containing either 10-bit
pjump or 9-bit nanoinstruction pointer

— Nanoinstructions were 68 bits wide, decoded to give 196 control signals

2021-3-26 xhzhou@USTC
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Single-Bus Datapath for Microcoded RISC-V

Opcode g Condition? Busy?
LRy R = %

5 13 8 g 3 2
ElEregel 1~ 9 53| = 3
v 1 Address G\TI < v
bb E (90 \k\ &

<< i+ — OO v
© [ u !

LsHEl |z (8] R = h 43y Main
= SE,_ 17} ken e Memory
2| | E 2 / g
2 |= AN
S| LA Data Out In  ~ - |
I I z |
ImmEn l RegEn i; T ALUEni MemEni

Datapath unchanged for complex instructions!
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