SOME ASSEMBLY REAVIRED

e What's up with immediates

SHOULDN'T WE | DO 1 Lok

o | ets Compile

o | ets OP+imize

Midterm is one week from +oalay!

Open book, open hotes, open internet
(ho communications however)
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=
IMMEDIATE ENCODINGS I’lin

S

Many RISC-V instructions encode a constant value as port
of the instruction. unlike other ISAs, the encodir\a ok
constants is not uniform The IHype instructions encode
their immediate operand as follows:

11109 8 7 6 5 4 3 2 1 0 EXGMP‘eG'-
addi 1b
andi lbu
ori 1h
slti lhu
sltui 1w
xori
| I I I I | I [ | I I T T T T I I T T T T T T T T T T
I-type: 1 | | | I|mr|T.‘1|2 | 1 | | | r|’S1| | fL:nC|3 | |rd| | | |Op|(:0|de| |
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=
IMMEDIATE ENCODINGS I’lin

Moany RISC-V instructions encode a constant value as port
of the instruction. Unlike other ISAs, the encoclina ok
constants is not uniform. The -type instructions encode
their immediate operand as follows:

43210 Examplesz
slli
srli
srai
I-type: (O ? 0(0(0|0(0 :n%ﬁ5: : fsi : ﬁ%%B : }d: : : ?p#oﬁé :

31 30 29 28 27 26 25 24 23 222120191817 161514 13121110 9 8 7 6 5§ 4 3 2 1 O

But there are excePJrionc;!
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P
LUT's TMMEDIATE VALVE L]

—
The immediate-tield encoding of 1ui and auipc also

seems 9+raiﬁh+f—or'ward, but, as discussed last lecture, the

immediote values might not be what you expect due to the
sign-extension of its companion addi instruction.

191817161514 1312 1110 9 8 7 6 5 4 3 2 1 0 ) Remember If bit | of the
Examples large constant is set, then
lui you add | +o the LUI/AUTPC
a u i p C immedld+e value.
/
| I I I I | I [ | I I I I | I [ | I I T T T T T 1T T T " "T"71
U-type: imm20 rd opcode
1 | | | | 1 | | 1 | | | | 1 | | 1 | | 1 1 1 | 1 1 1 1 1 1

31 30 29 28 27 26 25 24 23 2221 201918 17161514 13121110 9 8 7 6 5 4 3 2 1 0
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P\
TMMEDIATE OFFSETS FOR STORES Th

s
RISC-V store instructions include an offset, but it is not
encoded in an obvious way. Note that there is no need for

a rd register in a store, but both rsl and rs2 are needed

it the encodings are used consistently.

Examples: The assembler will +ake care
1109 8 7 6 5 43 210 b of filling in the immediate

S fields, of the instruction. Tt
sh has some impact on the H/W
SW design ‘/

I 1T 1T 1T 11 T T rr T LI I 1T T 1

S-type: imm7 rs2 | r|S1| | ft.:nc|3 imm5  [0[1]0(0|0]1(1
1 1 1 1 1 1 1 1 1 1 1 1 1 |

31 30 29 28 27 26 25 24 23 222120191817 1615141312110 9 8 7 6 5§ 4 3 2 1 0
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P\
IMMEDIATE OFFSETS For BrancHes |||

S
The offsets of RISC-V branch instructions use the same
format as a stores, but the offFset encoding is hoh-obvious.
Again, there is no need for a rd register; only rsl and rs2 are
used. Branch ofksets can only be even In fact, all instructions
must be aliﬁned to half-word boundaries.

Examplesz
12110 9 8 7 6 5 4 3 2 1 0
beq bne
0 blt bltu

)
UL Ny

S;-type: imm7 rSZ rs1 fun03 I|mm5 1{110({0|0|1]1

|||||| L1
313029282726252423222120191817161514131211 109 8 7 6 5 4 3 2 10
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crazy JUMP OFFSETS I;ITIT

S
The obfsets of RISC-V jump instructions use the same
U-Format as 1ui/auipc, but the offset encoding is even
stranger. Jump offsets, like branch offsets can only be even

2019 18 171615141312 1110 9 8 7 6 5 4 3 2 1 0 Emple‘-

ial Another bit-diddling
0 ja job for the assembler
H /
<>
O8O
S e .
KKK I K> >
O KK S >
SRRIRZRRS
KK X >
SRR
oS
U -t ||||||||!||||||||||l-dlllllldnn
J-ype'||||||||:m|;nZ|0||||||||||r||||Op|CO|e||

31 30 29 28 27 26 25 24 23 222120191817 1615141312110 9 8 7 6 5 4 3 2 1 0
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=\
WY ASSEMBLE? COMPILE Th

There are a lot of details involved when mapping an
ac;c;emlaly languoge program o bits in memory. But, this
mapping can be automated Compilers Pr'ovicle a means for
hiding the details ok assembly longuage. Lets, look at a
simple recursive prrogrom:

int factorial(x) {
if (x < 2)
return Xx;
return x * factorial(x-1);

}

int main() {
return factorial(7);

}
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9/I5/2022

Goto

https:// csbiounc.edu/ mcmillan/indexpy?run=rv

This compiler does nly code
3ener'a+ion. I+ bypascses the Iinkinﬁ
9+aae,

The assemlaly code that it
generates con be Pas’red direcﬂy
into the simulator

Cut and paste your C-code and
press [Compi\e]
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THE MINIRTISC-V C-COMPILER

.align 4

.text

.globl factorial

.align
factorial:

4

addi x2,x2,-64
sw x8,60(x2)
addi x8,x2,48
sw x1,24(x2)
sw x27,28(x2)

mv x27,x12

1i x30,2

bge x27,x306,L.2
addi x10,x27,0
jal x@,L.1

L.2:

addi x12,x27, -1
jal x1, factorial
addi x30,x10,0
mul x10,x27,x30

L.1:

1w x1,24(x2)
1w x27,28(x2)
1w x8,60(x2)
addi x2,x2,64
jalr x0,x1,0

9/I5/2022

A larger than necessary stack
O frame with o frame pointer”.

While all the asc;emlaly code ﬂenercﬂred is valid. 1+
does not Pr‘ovicle any GuPPor‘+ For iniJrializinﬂ

main:

L.4:

.globl main

.align 4

addi x2,x2,-48
sw x8,44(x2)
addi x8,x2,32
sw x1,24(x2)

1li x12,7
jal x1,factorial
addi x30,x10,0

1w x1,24(x2)
1w x8,44(x2)
addi x2,x2,48
jalr x0,x1,0

.align 4

before startup. Rerun the compiler with
nclude crt0.s" selected.

Cow?‘%-FmIZOZZ



THE € RVNTIME STARTVP CODE

reset: 1lui sp, Oxc00eo # initialize stack pointer
addi sp, sp, 0xffo _‘
jal ra,main # call main

*halt: j halt

HUHHHHHHH AR R R HH AR R HH AR

This small section of code initidlizes the stack Poir\+er‘
ond calls the function 'main'.

This code is loaded into the kernel memory section

Note that the lui/addi involves a constant with bit I set.
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RvN 1T :

reset: lui sp,0xco000 # initialize stack pointer

S D The code should assemble

*halt: 3J halt
hd run.
.text
.globl factorial
.align 4
factorial:

addi x2,x2,-64
sw x8,60(x2) .

s i rhe simulator keeps
su x2;,28(x2)

mv x27,x12

L track of the number of

addi x10,x27,@
jal xe,L.1

= addi x12,x27,-1 ir\9+ruc+ior\9 8xecu+ed. (lgl)

jal x1,factorial
addi x30,x10,0
mul x10,x27,x30

1 B 1
1w x1,24(x2) X
1w x27,28(x2) e
n[MuItlstep][m [[MemoryDump”OxDOOOOOOO |[Advanced v ] HOW cou‘d We Coun"- +he
Registers, Instruction Count = 131, Memory References = 177 pc: [0xe000000C ]
x@/zero: [@x00000000] x1l/ra: [@9x2000000C ] x2/sp: [@xBFFFFFFQ] x3/gp: [0x20002000 ]
x4/tp: [@0x00000000] X5/t0: [@x00000000] x6/t1l: [0x00020000] x7/t2: [0x00002000] number O,p Ca"g +O
x8/fp/se: [@x00000000] x9/s1: [@xP0000000] x10/30: [@xe00e1380] x11/al: [@x@0000000]
x12/a2: [@x00000001] x13/a3: [@x00000000] x14/a4: [0x20000000] x15/a5: [@x@0000000]

‘ : .
x16/a6: [@x00000000] x17/a7: [@x00000000] x18/s2: [0x00000000] x19/s3: [0x00000000] ac+orla| ?
x20/s4: [@x00000000] x21/s5: [@x00000000] x22/s6: [0x00000000] x23/s7: [0x00000000] .

x24/58: [0x00000000] x25/59: [@x00000000]  x26/s10: [0x00000000]  x27/s11: [@x00000000]

x28/t3: [@x00000000] X29/t4: [@x00000000] x30/t5: [0x20001380] x31/t6: [0x00000000]
Address Contents Instruction
2x0221006C @x02C12403 1w x8,44(x2)
2x00210070 2x03010113 addi x2,x2,48
2x00010074 2x00008067 jalr x@,x1,@
b * halt: j halt
10 [Invalid]
14 [Invalid]
13 [Invalid]
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ANOTHER EXAMPLE

Counts ones:

int countOnes(unsigned int x) {
if (x == 0)
return x;

return (x & 1) + countOnes(x>>1);

}

int main() {
return countOnes(1023);
}

What does this function
do?

Compile and test it

How would you improve
it

Speed?

Size?
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NEXT TIME

We look. into the hardware

9/I5/2022
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