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Agenda

1. Tips for RISC-V programing
2. RISC-V Calling Convention
3. RISC-V Compressed Instruction Set (related to project 1.1/1.2)




Tips for RISC-V programing

Do check Venus tutorial videos provided on the course page

CS 110
Computer Architecture

Tutorial: Introduction to Venus
(Part 1)

Instructors: Séren Schwertfeger & Chundong Wang
TA: Ze Song

https://robotics.shanghaitech.edu.cn/courses/ca/20s/

School of Information Science and Technology SIST

ShanghaiTech University




Tips for RISC-V programing

Registers:
* Always use ABI name of registers in assembly codes

* Plan the usage of registers wisely
* Do stick with calling conventions

#H 7k EORE il FHERASRERE?
Register | ABI Name | Description Preserved across call?
x0 zero Hard-wired zero S8 5mE3 0 —

xl ra Return address (R [E #e4t No

x2 5p Stack pointer  HRIEH Yes

x3 Ep Global pointer £ ®iEEt s

x4 tp Thread ponter 635354t

x5 t0 Temporarvialternate link register ﬁﬂ:]'-‘ﬁﬁ‘.ﬁ No ERABEEES
x6-T t1-2 Tn:l|h.1r1|||~. 5 e B % 7 % No

x8 al/fp saved register/frame pointer REBGEE Yo MithE
x9 51 Saved regisier  REHGTHR Yes
x10-11 al-1 Function argumentsireturn values g8 4%  No AEEHE
r12-17 | a2-7 Function arguments & M S8 N

x18-27 | s2-11 Saved regisiers RBEHT S Yes
x28-31 | t3-6 Temporaries e A% No




Tips for RISC-V programing

Label:

* Used by Assembler in calculating offset for branch/jump

addi
addi
addi

4 loop:

beqg
add
addi

Jjal

Y oexlt:

S0,
=1,
0,

S0,
=1,
=0,
i,

zero, [
zero, 1
zero, ab
tl, exit
=1, =l
=0, 1
loop

PC

Oxc

0x10

Ox14

Ox18

Machine Code

O0x00000413

0=x00100453

0x01EQ0253

0x00540863

0x009454B3

0x00140413

0xFFSFFO&F

Basic Code
addi x8 =x0
addi x9 x0 1
addi x5 x0 30
beg =8 x5 1@
add =5 =5 =5
addi =8 =8 1

7al =0 -12

Original

addi s0,

addi =1,
addi t0,
o=g =0,
add =1,
addi =0,

jal =0,

Code

zero, 1

zerc, 30

td, exit

sl, =1

50,1

loop



Tips for RISC-V programing

Zero-extended or Sign-extended:
* All about 2’s complement

1b [ Load Byte R[rd] =
{56'bM[(7),M[R[rs] [+1mm](7:0)}
lbu I Load Byte Unsigned R[rd] = {56'bO,M[R][rs] [+1mm](7:0)}

* Consider not only how it effects the behavior of an instruction,
* But also how it effects on the input requirement of an instruction.



RISC-V Calling Convention

Caller & Callee
* Caller invoke callee

* Caller should save Caller-Saved registers (to memory) before the call.

* Callee should save Callee-Saved registers at the beginning of its execution and restore them before
return.

Steps of function call
1. Caller put parameters into registers a0-a7.

Caller put next line’s address into ra and jump to the function label. (using jal)
Callee pushes s0-s11, sp onto stack.

Callee execution.

Callee extract value from stack.

o A WN

Callee jump to ra’s address.



RISC-V Calling Convention

REGISTER NAME, USE, CALLING CONVENTION @
REGISTER NAME USE SAVER
%0 Zero The constant value 0 N.A.
xl ra Return address Caller
X2 Sp Stack pointer Callee
X3 gp Global pointer -
x4 tp Thread pointer --
RS- t0-t2 Temporaries Caller
%8 s0/fp Saved register/Frame pointer Callee
%9 sl Saved register Callee
x10-x11 a0-al Function arguments/Return values Caller
x12-x17 az-a’l Function arguments Caller
x18-x27 s2-sll Saved registers Callee
x28-x31 £3-t6 Temporaries Caller




RISC-V Calling Convention

.

.

Saved return
address (if needed)

Saved argument
registers (if any)

Saved saved
registers (if any)

Local variables
sp (if any)

Before call During call After call



RISC-V Calling Convention

Tips:
o |f you are not modifying s0-s11, you won’t need to save/restore them.

(¢]

a0-a7 are your friends, you are welcome to do stuff to the arguments in-place.

(¢]

t0-t6 are also your friends.

(¢]

s0-s11 are your friends, if you are more of a caller.

(¢]

ra, sp, gp, tp are your father, be careful with them.




RISC-V Compressed Instruction Set
(Related to project 1.1/1.2)

Length of instruction:

Format Meaning 1514 13 12 11 109 8 7 6 5 4 3 2 1 0
° 16-bit instead of 32-bit CR Register funct4 rd/rsl rs2 op
CI Immediate funct3 | imm rd/rsl imm op
Al |g nment of PC: CSS Stack-relative Store | funct3 imm rs2 op
. CIW Wide Immediate funct3 imm rd’ op
° 2-byte instead of 4-byte CL Load funct3 imm rsl’ imm rd’ op
CS Store funct3 imm rsl’ imm rs2’ op
Immediate: CB Branch funct3 offset rsl’ offset op
> Smaller CJ Jump funct3 jump target op
Registers accessible: 31 27 26 25 24 20 19 15 14 12 11 ) 6 0
o Limited R func.ﬁ 152 sl funct3 rd Opcode
| imm[11:0] rsl funct3 rd Opcode
S mmm|11:5] rs2 sl funct3 1mm|4:0] opcode
SB imm|[12[10:5] rs2 rsl funct3 | mmm[4:1]11]| opcode
U imm|31:12] rd opcode
uJ imm|[20(10:1|11[19:12] rd opcode




RISC-V Compressed Instruction Set

For what? : 4 SPECint2006 Compression Results
> To save static code space for RISC (relative to “standard” RVC)
low-end embedded devices, or
= To reduce cache footprint for o onhddres o AddEs
high-end commercial 165%
workloads 160% 160%
140% — 128%34% 130% 0 L 180% 327 134%
120% 120% 124% 123%
Save 25% space compared to e I B B B
standard RV32 code. oo o BB e BB 100%
SO%J ‘ ‘ . . . . . 80% - l
"LO \{b‘b &L ,\,'?- Vv nll ® RV64C RVv64 X86 64 ARMVS MIF’SB4
& ¢TSS EE
= MIPS delayed branch slots increase code size
Credit: = RV64C only 64-bit address ISA with 16-bit instructions
2" RISC-V Workshop, Berkeley, CA = Thumb?2 only 32-bit address ISA smaller than RV32C



RISC-V Compressed Instruction Set

RVC uses a simple compression scheme that offers shorter 16-bit versions of common 32-bit
RISC-V instructions when:

o the immediate or address offset is small, or

> one of the registers is the zero register (x0), the ABI link register (x1), or the ABI stack pointer (x2), or
> the destination register and the first source register are identical, or
> the registers used are the 8 most popular ones.

The lowest 2 bits of an instruction:
o 11 - not RVC

° 00,01, 10 - RVC



Integer Register-Register Operations

15 12 11 76 2 1 0
funct4 rd/rsl rs2 op
4 5 5 2
C.MV destz£0 sre£(0) CoO
C.ADD dest=£0 sre£() Co0

These instructions use the CR format.
C.MV copies the value in register rs2 into register rd. C.MV expands into add rd, x0, rs2.

C.ADD adds the values in registers rd and rs2 and writes the result to register rd. C.ADD expands
mmto add rd, rd, rs2.



RISC-V Compressed Instruction Set

RVC allows 16-bit instructions to be freely intermixed with 32-bit instructions, with the latter
now able to start on any 16-bit boundary.

~ Registers Memory Cache VDB
Step Prev Reset Dump Trace

Address +0 +1 +2 +3
BC Machine Code Basic Code Original Code 0x00000018 & o ar o
0x00000413 addi =8 =0 0%00000014 12 04 1 00
Oxd 0x00100483 addi =9 =0 1 addi s1, zero, 1
O0x00000010 B3 84 94 oo
Ox38 Dx01E0Q0283 addi =5 x0 30 addi t0, zero, 30
O0x0000000C 63 08 54 oo
Oxe O0x005403¢e3 beg =8 =5 16 beq =0, t0, exit
0x00000008 93 02 E0 01
O=x10 O=x00%484B3 add =9 =9 x9 add =1, s1, =1
0x00000004 93 04 10 0o
Oxl4 0x00140413 addi =8 =8 1 addi s0, s0,1
O0x00000000 12 04 00 o]

Oxl8 UxFFSFFOEF Jjal =0 -12 jal =0, loop




RISC-V Compressed Instruction Set

RVC allows 16-bit instructions to be freely intermixed with 32-bit instructions, with the latter
now able to start on any 16-bit boundary.

Registers Memory Cache

Address

0x00000013

0x00000014

0=x000003010

0x0000000C

O=00000008

0=x00000004

Ox00000Q000

VDB
+0 +1 +2 +3
0o 0a 00 0o
0o 0a 00 0o
0o 0o I 00 0o

=
=]

0o I I 00

0o

00 I I 0o

o]
(=]

W e | oo o § e
=
=]

oo

[}
(=
I G G SE—

.text

bar
foo
bar
foo
bar
foo
bar

(RV32)

(RV32, not 4-byte aligned)




Q&A / End of discussion

Thank you for attending the discussion!

Wish you good luck doing homework/projects/exams!
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