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Sample Verilog HDL code \3\&‘
\

e ACRi Room DY —/N\—[ZYE—rTRIMYTTAT AT B.
« /home/tu_kise/cld/lec6/ IZH2TILDIA—FNHSHD T, Ubuntu DF—ZF )L TR
DIAXEZEAALT, BADTALIR)IZOE—T 5.

« /home/tu_kise I automount DT 4L IR)EDT, 7OERALGWEI7AMILHRRZ
HUY. tabF—[CKDHEIDFEEMELBZWCENH LD TEET 5.

cd
mkdir cld

cd cld
cp /home/tu_kise/cld/lec6/* .

e code094.v EL3Ial—L 3T B=0HIZIF.
o JE—FTRIMYTTHELHLIZ Ubuntu DA—3FI)ILTROATVRZEANTS.
« a7k iverilog TaAV/NAILLT, £FEND aout EETT 5.

$ iverilog code@94.v

$ ./a.out

~ ==
! 2
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A25371—R Instruction Set Architecture (ISA), sa s yb7—FTOF v
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Two major ISA types: RISC vs CISC

\
« RISC (Reduced Instruction Set Computer) philosophy 2%
fixed instruction lengths
load-store instruction sets
limited addressing modes
limited operations
RISC: MIPS, Alpha, ARM, RISC-V, ...
e CISC (Complex Instruction Set Computer) philosophy
« | fixed instruction lengths
| load-store instruction sets
| limited addressing modes
| limited operations
CISC : DEC VAX11, Intel 80x86, ..
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MIPS, ARM, and RISC-V
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MIPS architecture

From Wikipedia, the free encyclopedia

MIPS (Microprocessor without Interlocked Pipelined Stages) ™ is a reduced instruction set computer (RISC)
instruction set architecture (15A)214-1031:19 developed by MIPS Computer Systems, now MIPS Technologies, based in the
United States.

There are multiple versions of MIPS: including MIPS I, 11, III, IV, and V; as well as five releases of MIPS32/64 (for 32- and
64-bit implementations, respectively). The early MIPS architectures were 32-bit only; 64-bit versions were developad
later. As of April 2017, the current version of MIPS is MIPS32/64 Release 6.[%15) MIPS32/64 primarily differs from MIPS I-
V by defining the privileged kernel mode System Control Coprocessor in addition to the user mode architecture.

The MIPS architecture has several optional extensions. MIPS-3D which is a simple set of floating-point SIMD instructions
dedicated to common 3D tasks,[®] MDMX (MaDMaX) which is a more extensive integer SIMD instruction set using the 64-
bit floating-point registers, MIPS16e which adds compression to the instruction stream to make programs take up less
room,[7] and MIPS MT, which adds multithreading capability.[?]

Computer architecture courses in universities and technical schools often study the MIPS architecture.[®? The architecture
greatly influenced later RISC architectures such as Alpha.

M RISC-V°

RISC-V: The Free and Open RISC Instruction

Set Architecture

An 18-hour virtual event
3 keynote blocks « Worldwide audience
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ARM (Advanced RISC Machine)

https://en.wikipedia.org/wiki/MIPS_architecture

Technology. Opportunity. Community.

{" RISC-V
Global Forum

September 3, 2020

https://riscv.org/



CS:E&L RISC-V D7 VI EETEWNTAT S LG

1 int rrlaing){ mainl.c
2 int i=0, sum=1;
3 for(i=0; i<10; i++) sum = sum * i;
4 return sum;
5 }
1 .file "mainl.c"
mainl.s 2 .option nopic
3 .text
4 .section .text.startup, "ax",@progbits
5 .align 2
6 .globl main
7 .type main, @function
8 main:
9 1li 20,1
10 1li a5,0
11 1li a4,10
12 .L2:
13 mul a0,a0, a5
14 addi a5,a5,1
15 bne a5,a4,.L2
16 ret
17 .Size main, .-main
18 .ident "GCC: (GNU) 11.1.0"
19 section .note.GNU-stack,"",@progbits
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RISC-V MDEXREZ ISA EHkEeHhk

ISA base and extensions (20191213)

Name Description Version | Status!?]
Base
RVWMO | Weak Memory Ordering 2.0 Ratified
RWV32I Base Integer Instruction Set, 32-bit 2.1 Ratified
RV32E Base Integer Instruction Set (embedded), 32-bit, 16 registers 1.9 Open
Rv64l Base Integer Instruction Set, 64-bit 2.1 Ratified
RV128I | Base Integer Instruction Set, 128-bit 1.7 Open
Extension

M Standard Extension for Integer Multiplication and Division 2.0 Ratified
A Standard Extension for Atomic Instructions 2.1 Ratified
F Standard Extension for Single-Precision Floating-Point 2.2 Ratified
D Standard Extension for Double-Precision Floating-Point 2.2 Ratified
G Shorthand for the base integer set (I) and above extensions (MAFD) N/A N/A
Q Standard Extension for Quad-Precision Floating-Point 2.2 Ratified
L Standard Extension for Decimal Floating-Point 0.0 Open
C Standard Extension for Compressed Instructions 2.0 Ratified
B Standard Extension for Bit Manipulation 0.92 Open
] Standard Extension for Dynamically Translated Languages 0.0 Open
T Standard Extension for Transactional Memory 0.0 Open
P Standard Extension for Packed-SIMD Instructions 0.2 Open
A Standard Extension for Vector Operations 0.9 Open
N Standard Extension for User-Level Interrupts 1.1 Open
H Standard Extension for Hypervisor 0.4 Open
ZiCSR Control and Status Register (CSR) 2.0 Ratified
Zifencei | Instruction-Fetch Fence 2.0 Ratified
Zam Misaligned Atomics 0.1 Open
Ztso Total Store Ordering 0.1 Frozen
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XLEN-1 0
XLEN = 32 0 7 zero ABI(Application Binary Interface) name
x2
for 32bit ISA =
fsl Register | ABI Name | Description Saver
X6 x0 zero Hard-wired zero —
i; x1 ra Return address Caller
=9 x2 sp Stack pointer Callee
x10 x3 gp Global pointer —
ii; x4 tp Thread pointer —
x13 x5-7 t0-2 Temporaries Caller
iig x8 s0/fp Saved register /frame pointer Callee
x16 x9 si Saved register Callee
= x10-11 | a0-1 Function arguments/return values | Caller
x19 x12-17 | a2-7 Function arguments Caller
g;’ x18-27 | s2-11 Saved registers Callee
x22 x28-31 | t3-6 Temporaries Caller
iiz £0-7 ft0-7 FP temporaries Caller
%95 £8-9 fs0-1 FP saved registers Callee
x26 f10-11 | fa0-1 FP arguments/return values Caller
ii; £12-17 | fa2 7 FP arguments Caller
x29 £18-27 | £fs2-11 FP saved registers Callee
igg £28-31 | ft8-11 FP temporaries Caller
XLEN
XLEN-1 0
XE]‘;N Table 18.2: RISC-V calling convention register usage.

ﬁ Figure 2.1: RISC-V base unprivileged integer register state.
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RISC-V D&HSE

\__7_"—\?1 —

The RISC-V Instruction Set Manual
Volume I: Unprivileged ISA
Document Version 20191214-draft

Editors: Andrew Waterman!, Krste Asanovié!?
ISiFive Inc.,
2CS Division, EECS Department, University of California, Berkeley
andrew@sifive.com, krste@berkeley.edu
November 12, 2021

| xxxxxxxxxxxxxxaa | 16-bit (aa # 11)

| XXXXXXXXXXXXXXXX | XXXXXXXXXxxbbbll | 32-bit (bbb # 111)

- XXXX | XXXXXXXXXXXXKXXXX | xxxxxxxxxx011111 | 48-bit

- XXXX | XXXXXXXXXXXXXXXX | xxxxxxxxx0111111 | 64-bit

- XXXX | XXXXXXXXXXXXXXXX | Xxnnnxxxxx1111111 | (80+16%nnn)-bit, nnn#111

- XXXX | XXXXXXXXXXXXXXXX | x11lxxxxx1111111 | Reserved for >192-bits

Byte Address: base+4 base+2 base

Figure 1.1: RISC-V instruction length encoding. Only the 16-bit and 32-bit encodings are consid-
ered frozen at this time.
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RISC-V OaiwI74—<vhk

Figure 2.3: RISC-V base instruction formats showing immediate variants.
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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 funct3 | 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

11



RISC-V Arithmetic Instructions

\
« RISC-V assembly language arithmetic statement 2%

add x7, x8, X9

destination <- sourcel op source2

= Operand order is fixed (destination first)

= Those operands are all contained in the datapath’s register
file (x0, ..., x31)

@dap‘red from Computer Organization and Design, Patterson & Hennessy, © 2005 12
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Example ({5178)

A\
+ f=(g+h)-(i+3)

f.g. h i, jZENTNLIRAE x3, x4, x5, x6, x7 IZEIY{F+5
95 FEDORT—FRAREZEO INAIILLT=F5EB DRISC-VOO—K
(XE %5 h.
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Answer %§§

X3 X4 X5 X6 X7
+f=(Cg+h)-(C1+73)
X106 x11

f.g, h i jZZENENLPRA X3, x4, x5, x6, x7 |[ZE|Y{F1+5
EF3B. LORTF—rAUREO NS ILLI=FER DRISC-VHOO—FK

(X ED75DD.
add x10, x4, x5 # x10 = (g + h)
add x11, x6, x7 # x11 = (1 + j)
sub x3, x10, x11 # f = x10 - x11

SEREREZRETIOBFHNGLIORAELT x10, x11ZALV,
ADLURIZEFHINTHREL.

K CSC.T341 Computer Logic Design, Department of Computer Science, TOKYO TECH 14



Machine Language - Add Instruction

\
« Instructions, like registers and words of data, are 32 bits long 2%
« Arithmetic Instruction Format (R format):

add x7, x8, x9

funct? rs2 rsi1 | funct3| rd opcode R format

opcode 7-bits opcode that specifies the operation

rsl 5-bits register file address of the first source operand
rs2 5-bits register file address of the second source operand
rd 5-bits register file address of the result’s destination

funct3 and funct7 10-bits select the type of operation (function)

ﬁ:\dap‘red from Computer Organization and Design, Patterson & Hennessy, © 2005 15
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N
RISC-V M 32Ewhk anatybk RV32I
VAR A T yJ
RV 321 Base Instruction Set
imm[31:12 rd 0110111 LUI
imm[31:12 rd 0010111 AUIPC
imm|20[10:1]11[19:12] rd 1101111 JAL
imm[11:0] sl 000 rd 1100111 JALR
imm|12|10:5 82 rsl 000 imm|4:1|11 1100011 BEQ
imm|12|10:5 52 rsl 001 imm|4:1|11 1100011 BNE
imm|12|10:5 52 rsl 100 mmm|4:1|11 1100011 BLT
imm|12(10:5 52 rsl 101 imm|4:1|11 1100011 BGE
nl4:1|11 1100011 BLTU
inst[4:2] 000 001 010 011 100 101 110 111 NENTEN 1100011 BGEU
nst[6:5) (>32b)| 0000011 | LB
00| LOAD | LOAD-FP | cusfom-0 | MISC-MEM | OP-IMM | AUIPC | OP-IMM-32 48b < LILLOLE et
01| STORE | STORE-FP | custom-1 AMO OP LUI OP-32 64b rd 0000011 LBU
10 MADD MSUB NMSUB NMADD OP-FP reserved custom—?{rtrwé 48b rd 0000011 I-“HU
11 | BRANCH JALR reserved JAL SYSTEM | reserved | custom-3/rvi28 | = 80b m ',J":D 0100011 | SB
un|4:0 0100011 SH
am|4:0 0100011 SW
Table 24.1: RISC-V base opcode map, inst[1:0]= rd 0010011 | ADDI
’ rd 0010011 SLTI
imm[11:0 rsl 011 rd 0010011 SLTIU
imm[11:0 rsl 100 rd 0010011 XORI
imm[11:0 rsl 110 rd 0010011 ORI
imm[11:0 rsl 111 rd 0010011 ANDI
0000000 shamt sl 001 rd 0010011 SLLI
0000000 shamt rsl 101 rd 0010011 SRLI
0100000 shamt rsl 101 rd 0010011 SRAI
0000000 152 rsl 000 rd 0110011 ADD
0100000 52 rsl 000 rd 0110011 SUB
0000000 82 rsl 001 rd 0110011 SLL
0000000 82 rsl 010 rd 0110011 SLT
0000000 182 rsl 011 rd 0110011 SLTU
0000000 TS2 rsl 100 rd 0110011 XOR
0000000 rs2 rsl 101 rd 0110011 SRL
0100000 152 rsl 101 rd 0110011 SRA
0000000 152 sl 110 rd 0110011 OR
0000000 152 rsl 111 rd 0110011 AND
fm pred | suce rsl 000 rd 0001111 FENCE
000000000000 00000 000 00000 1110011 ECALL
000000000001 00000 000 00000 1110011 EBREAK
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Example (51z&)

o RMDORISC-VDan4 5o

3
EO—RILESESH %ﬂ%ﬂ@nnx
ARSI PO Ndtogiadic Ver'llog HDLMDa—RZE LT,

TOHRRZTRE

add x10, x4, x5 # x10 = (g + h)
add x11, x6, X7 # x11 = (1 + Jj)
sub x3, x10, x11 # f = x10 - x11

31 27T 26 25 24 20 19 15 14 12 11 T § 0
funct7 rs2 rsl funct3 rd opcode
0000000 rs2 s 000 rd 0110011
0100000 rs2 rsl 000 rd 0110011
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Answer

add x10, x4, x5 # x10 = (g + h)
add x11, x6, x7 # x11 = (i + Jj)
sub x3, x10, x11 # f = x10 - x11
31 27 26 25 24 20 19 15 14 12 11 7 6 0
funct7 rs2 rsl funct3 rd opcode R-type
0000000 rs2 rsl 000 rd 0110011 ADD
0100000 rs2 rsl 000 rd 0110011 SUB

module m_top();

reg [31:0] r_il, r_i2,

initial begin
r il <= {7°bo000e0o,
r_i2 <= {7°bo000e0o,
r_i3 <= {7°b0100000,

end

initial #1 begin

end
endmodule

r_i3;

5745,
5°d7,
57d11,

$display("il: %b %x", r_il,
$display("i2: %b %x", r_i2,
$display("i3: %b %x", r_i3,

5°d4, 3°beeo, 5°dioe,
5°d6, 3°beee, 5°dil,

5°d10, 3°b0eo,

r_il);
r_i2);
r_i3);

5°d3,

7°b0110011};
7°b0110011};
7°b0110011};

il: 00000000010100100000010100110011 00520533
i2: 00000000011100110000010110110011 ©07305b3
i3: 01000000101101010000000110110011 40b501b3
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Integer (%) Representation

\
« FIIL FELLE OXRBFEEZS. %%
« REFEDHZRIMTETEINL.
o BUZ2EMDFAFELHTRIET HICIX
e FIZIE, 30 THNIX, 11 ELTTREYREROD (BATD/INILEK
MIODIZEIZIFI0ES. 2DIGEICIF2EHHEZTT).
e FHRIDEST-EVFE0TIEDS.
¢ BEVRTHMNIL, 0~255 M2H6TEFENDBEMERIETES.
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Integer (%) Representation

A

o FFEDOTHEXIME (sign and maghitude) [(CKAHFEMFETHD R %%

o 11, THNIZE, 1011 ELTTFHRIEVRERD B.

- 1=2L, xEREVFERWTHEZRT (FEEYL). FEEVYRAO0THN
(XIE#, ITHNILE#LETS.

« BEo-EvrEOTIENHS.

« SEVYRTHMNIL, - 127 ~127 £TO 255 FH DB HERINTES

+1110 © | 6 6 6|1 |06 |1 1

- 1110 1 0 0 0 1 0 1 1

+127 +0

-9 -127

™

~ ==
Qﬁﬁl 20
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Integer (%) Representation

« 2MD#HH (two's complement) IZ&k 5 R

S EHDRIT

o EHDEVIERERSE, 1Z2MALLDZE#HETD.
« BEVRTHMNIL, - 128 ~127 FTH 256FFFDEHERIATES

0000
0000
0000

00002
00012
00102

0111
0111
0111

11012
11102
11112

Q10
+110

+210

+12510
+12610
+12710

0L1~127MIESK

K CSC.T341 Computer Logic Design, Department of Computer Science, TOKYO TECH

1111 111e2
1111 11012

1000 00102

1000 00012
1000 00002

-110

-210

-12510
-12610
-12710

1~127DEHDE VR ER

(1DmEAKER)

1111 11112 = -11e
1111 11102 = -21e
1000 00112 = -12510
1000 00102 = -12610
1000 00012 = -12710
1000 00002 = -12810

EvhRERIC1ZMATRAEH

A

21



Integer (%) Representation

« 2MD#HH (two's complement) IZ&k 5 R

o EHDEVIERERSE, 1Z2MALLDZE#HETD.
« BEVRTHMNIL, - 128 ~127 FTH 256FFFDEHERIATES

0000 00002 = 0O1e
0000 00012 = +11e
0000 00102 = +210
0111 11012 = +12510
0111 11102 = +1261e0
0111 11112 = +12710

0L1~127MIESK
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S EHDRIT

1111 11112 = -11e
1111 11102 = -21e
1000 00112 = -12510
1000 00102 = -12610
1000 00012 = -12710
1000 00002 = -12810

EvhRERIC1ZMATRAEH

\
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Integer (%) Representation

A
« 2D % (two's complement) FRIZD 51 2%
« ETHEVMRESETIEMASE, EENRET S.
» XEFMEYMIFSEVREEEN, OTHNITES, ITHNITERK.
o FFEHL5R(sign extension)EFEIENHE YRRZIELTNEE, F5
EvhrzERHLTHIETIEELL.
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Example (51z&)

\
. 16E JI‘@ZL;&@ 210 & 210%32[2 JF@ZL?&'»&*@'@J: _n 2\%
LIF2DMHATREHASINTLS.
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Answer

\
* 16|:‘J|‘0)2L$&0) 210 & 210%32|:‘J|‘0)2 ﬂ& %*@-@-J—; -—?hag\%
LIF2DMHATREHASINTLS.

16EVRD2EHD 210 0000 0000 0000 0010
16EVRD2EHD -20 1111 1111 1111 1110

32EVRD2HEEERLD 210 0000 00O 0O DOVO VOO 0OV VPO 0010
32EvYbD2ERD -210 1111 1111 1111 1111 1111 1111 1111 1110
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Verilog HDL T2 ###1EL TR R

« DANENDIEEDTEEZ wire sighed &£EFBHET, 20D

DFSHEBHMELTHRONS.

code@95.v

module m_top();
reg [15:0] r_data = 16'b1111111111111110;
wire signed [15:0] w_data = r_data;

initial #1 begin
$display("%6d", r_data);
$display("%6d", w_data);
end
endmodule

65534
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Verilog HDL T2 DR IZD FF =LK

3
« FFEHLIE(sign extension)EMFIENHE VRREEDOSTNEIL, FEE
VhEE R THIET HLIL KLY

¢ 2DWBRBEDIEVFDEHZI2ZE VD EBBICFSHLET 515
w_data2 = {{16{w datal[15]}}, w datal};

code@96.v | module m_top();
wire signed [15:0] w_datal
wire signed [31:0] w_data2

16'b1111111111111110;
{{16{w_datal[15]}}, w_datal};

initial #1 begin
$display(“%5d %32b", w _datal, w_datal);
$display("%5d %32b", w_data2, w_data2);
end
endmodule

-2 1111111111111110
-2 111171711711717117171171711211717111111111190
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Adder and Subtractor

« MEHFZAVT, BEIBHIETN—FVIT7EZHHNITES
« 4-bit Ripple Carry Adder

s=a+b @ s=a-b 1
lc1n[0] -3+ (-b) lcin[@]
a[0]— _ a[0] —
o) FAG |~ s[0] =a+ (~b + 1) o .
T b[e]
{cin[1] {cin[1]
a[l]— a[1]—
FAL 1—s[1] FAL |+ s[1]
b[1]— b[1]—>o—
lcin[2] lcin[2]
al[2]™™ . al[2] —
b[2] —sl2 e FA2 | —s[2]
— b[2]
lcin[3] | cin[3]
al[3]— fra a[3]—
(3] e o P s
— b[3]

‘ﬁj e et
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ACRIIL—LDTEARL— 3>

o LUT TERSNLIEBBEREZHERTLHE.
* Clocking Wizard #{#->T 20MHz O/ OvI{EB 45K T 5 HE.

Activities

&S localhost 13389 - U~ FAT M TEE

File Edit View Search Terminal Help
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