P N
TNSTRUCTION SET ARCHITECTURE (ISA) |||

Er\codinﬂ of instructions raoises some inJrer‘eerir\ﬂ choices..

e Trade Offs: Per?ormance, compachec:-s, Pr‘oar'ammabil'ﬁ'y
o uhiPormHy. Should different instructions

o Be the same size (humber of bits)?
o0 Toke the same amount of time to execute?
o Trend: Unitormity. Akkords simplicity, speed pipelining
o Complexier. How many diffFerent instructions? What level
oPer‘a’riohs?
o Level ok support for particular software operations: array
indexin@ procedure calls, "polynomiol evaluate', etc
o 'Reduced Instruction set Computer
(RISC) philosophy: simple instructions, optimized For speed
® Mix ok Engineering & Art.

08/25/2022 Comp 3l - Fall 2022 |



RISC-V PROGRAMMING MODEL

A REPRESENTATIVE RISC MACHINE

Processor State
(inside the CPV)
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Addresses

O
4
8
I
20

Main Memory

Ny

31 0

32| 1|0

32 bit “words”

(4 bytes)

next instruction

a4

Ih Comp 31 we'll use a subset ofF
the RISC-V core Instruction set
as an example ISA (RV32).

Fetch/Execute Ioop.

Ffetch Mem[PC]

o execute Fetched instruction
(may change pcl)

PC =PC + 4

e repeat

RISC-V uses BYTE memor-y
addresses. However, each
instruction is 32-bits wide. Each
word contains four 8-bit bytes.
Addresses of consecutive
instructions (words) differ by 4.

Comp 3l - Fall 2022



P N
RISC-V MEMORY NITS 1]

¢

® Memory locations are addressable in different sized chunks
o 8-bit chunks (Iaeres)
IG-bit chunks (shorts)

O I I
I \
o 32-bit chunks (words) word by+e3 by+e2 by-l-el Iay+eo
o0 G4-bit chunks Addr — : :

short2 shortO

|

(longs/doubles) O
e We dso f—requehﬂy need 4
8-

occess to individual bits!

(instructions help with this) &

e Every BYTE has a unique address
(RISC-V is a bere-addressalale machine)
® Most instructions are one word
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CONCOCTING AN TNSTRVCTION SET

move  flour,bowl

add milk, bowl
Nerd Chef add egg, bowl
at work. move  bowl,mixer

rotate mixer

—

First Problem Set is Posted
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RISC-V REGISTER NITS

® There are 32 hamed registers [xO, 1, .. x3/]
X0 is special. It always contains ‘0" and, when
used as a destination, the result is iar\or‘ed

® The oPer'ands of most instructions are registers

® This means to operaJre on a variables in memory you must:
o Load the value/values From memory into a register
o Perform the instruction

o Store the result back into memory _ AKA a
Load-Store
o ﬁoina to and From memory can be expensive Architecture’

(4% to 20x slower than operating on a reaiGJrer)

® Net effect: Keep variables in registers as much as Possible!

® By convention most registers are dedicated to ‘;Peci{:ic tasks
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Basic RTSC-V INnsSTRVCTIONS

® Instructions include various 'Felds"' that encode combinations of
OPCODES and arguments

o speciadl +elds enable extended functions

e several 5-bit OPERAND Felds, for specitying the sources and
destination of the operation usually one of the 32 registers

® Embedded constants (‘immediate" values) of various sizes,

The basic da+a-|9rocessina instruction formats:

31 30 29 28 27 26 252423 222120191817 161514 13121110 9 8 7 6 5 4 3 2 1 0
T T T T T T T T T T T T T T T T T T T T T T T T T T
R-type: func7 rs2 rs1 func3 rd opcode
1 ] ] ] ] 1 1 1 1 1 1 1 1 1 ] ] 1 1 1 1 1 1 1 1 1 1
31 30 29 28 27 26 252423 222120191817 161514 13121110 9 8 7 6 5 4 3 2 1 0
| I I 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: imm12 rs1 func3 rd opcode
1 ] ] ] ] 1 ] | 1 ] ] 1 1 1 1 ] ] 1 1 1 1 1 1 1 1 1 1
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N
R-TYPE DATA PROCESSING 1]

—
Instructions that process three-register arguments:
31|30|29|28|27|26|25 24|23|22|21|20 19|18|17|16|15 14|13|12 11|10I9|8|7 6 543 2 10
R-type: func? rs2 rs1 func3 rd 0(111{0|0(1]1
1 1 1 1 1 1 ] 1 1 1 1 1 1 ] 1 1 1 1 1 ]
[ADD - 0000000 3
SUB - 0100000 } 88(1) :'QELD/SUB
t—- ooooon {21034
100 - XOR
SRL - 0000000
SRA - 0100000 ]% _'gg"/ SRA
0000000 {1 1_AND
addx1, x2, x3
mredeemre  R-type instructions
P have the Following template: ls encoded as:
) S 0000 0000 0011 0001 0000 0000 1011 0011

OPfunc3 rd,rs1,rs2
Bx00310b3
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ARITHMETIC TNSTRVUCTIONS

A= X5 «— X6 + X7
d d d X 5 ) X 6 ) X7 /g Registers can contain either 32-bit unsigned values
or 32-bit 2's-complement signeal values.
A~ Xo «— X7 - xX28

SUb X6,X7,X28 /g %ggﬁ%ﬁtg@e&v@sw%bﬂ

A— X28 «— x5 * x6
mu 1 X2 8 ) X 5 , X 6 /g Register contents are treated as signed-values and multiplied together-
The lower 32-bits of the result are saved in the destination

A— X7 «— %28 / %G

diV X7,X28’X6 /g The First source register is divided by the second. The result is saved
in the destination. A divisor of O sets the destination to all ts

A~ Xo «— X28 % %@
Fem X6’X28’X6 /g The remainder left after dividing by the First operand by the second
is stored in the destination. A divisor of O sets the result to the
dividend.

Recall that the results of arithmetic operations can overHow, or in some
cases arent even possible, such as clividinﬂ by O. These RISC-V instructions
act exac+|y ke the C—lanauaae opera+or'«;. A user must write code that
detects the overflow condition. Just as they heed to do in C.
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Looic TNSTRUCTIONS

L ogical operations on words
operate ‘bitwise', that is they

are aPPIied to correspondina

bits of b M source operands X6 : | 0000 0000 0000 0000 1111 1111 00O 0060

X7 : | 0000 0000 0000 00O 1111 66O 1111 0060

and x5, x6, x7 x5: | 0000 0000 0000 0G0 1111 0000 00O 000L
or x5,x6,x7 x5: | 0000 0000 0000 0000 1111 1111 1111 0000
—C |
Xor X5,%6,X7K coed ) x5: | 6000 0000 00oe eeee eeee 1111 1111 0006
‘exclusive-or*
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P
I-TYPE DATA PROCESSING Th

Ihstructions that process one register and a constant:

31 30 29 28 27 26 25 24 23 22 21 201918 17161514 13121110 9 8 7 6 5§ 4 3 2 1 0
1T 1T 17T 17T 1T 1T T T T 1 LI I 1 LI B B

I-type: imm12 rs1 func3 rd 0|10({1]0(0f1|1
1 1 1 1 1 1 1 ] 1 1 1 1 1 1 1 1 1 1 1 1 1
Notice there is no 000-ADDI
SUBI instruction 001 - SLLI
Why? 010 - SLTI
\ 011 - SLTUI
./ 100 - XORI
101 - SRLI/SRAI
110 - ORI
111 - ANDI

andi x5,x10,255

l-+ype instructions
have the -Pollowing template: ls encoded as:

0000 1111 1111 0101 0111 0010 1001 0011

OPfunc3 rd,rs1,imm12
Ox0ff57293
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P
SHIFTY SWIFT TMMEDIATES L]

—

RISC-V Provialec; only 12-bits for 9Peci1:yinﬁ an immediate constant

value. The value is consistently treated as a -;ianed 2s-complement
number, thus Providinﬂ an immediate ronge of [-2048, 2047]. shifts,
are an excepl'ion Yo this rule. shifts (sl srli, srai) are limited to the

range Lo,3], and this limited range is used to encode the difference

between srli and srai

31 30 29 28 27 26 25 24 23 22 21 201918 17161514 13121110 9 8 7 6 5§ 4 3 2 1 0

R-type:

func7
| |

shamt rs1 fl.:nc|3 rd 0l10{1/0]|0(11]1

What is the difference
between SRLI and SRA?
Hntkx=a>>1bvsx=0a7> I

A

N

001 - SLLI

T srali x6,x5,16

s’ Why ho SLA?
§p /

08/25/2022

ls encoded as:

SRLI - 0000000 } 101
SRAI - 0100000

0100 0001 0000 0010 1101 0011 0001 0011

0x4102d313
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P
LEFT SWIFTS 11

Left shifts ef—f—ecﬁvely multiply the contents of a
register Iay 2° where s is the shirt amount.

slli x10,x10,7 # ©x00751513

X190 before: | 0000 0000 0000 0000 00BO 0BBO 0BBO 0111 | =7

&_
x10 after: | 9600 000 00e0 0eve @0ee @811 1000 0006 |=7* 27 =896

08/25 /2022 Comp 3l - Fall 2022



RIGHT SHIFTS

Ll

S

Right shifts behave like c/ividirlg the contents of a register
by 2° where s is the shift amount, if you assume the

contents of the real;’rer are unsigned

srli x11,x11,2

X11 before: | 0000 0000 0000 0000 0OBO 0100 0OOO 0000

=0

X11 after: | 0000 0000 0000 0000 OOOO 0001 VOO0 0060
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P
ARITHMETIC RIGHT SHIFTS Th

Arithmetic right shifts behave like c/ividing the contents of
a register by 2° where s is the shift amount, if you
assume the contents ofF the reﬁis+er are signec{

sral x10,x10,2

x10 before: | 1111 1111 1111 1111 1111 1100 0000 0006
—— 3
xX10 after: | 1111 1117 1111 1111 1111 1111 000oO 0000

-1024

-1024 | 22 = -256
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P
COMPARISON TNSTRUCTIONS L]

® RISC-V has one basic comparison instruction:

set IF Less Than that comes in 4 variations

o SLT set if less +Hhan; R-type
o sSLTU set if less than 'unsigned’; R-type
o SLTI set if less than immediate; -type

O sLTu setif less than 'unsigned immediate; I-+ype
e Sets rd to I iF the contents of rsl is less than the contents of
the second oPerand and to 'O’ otherwise.

Don't Il
need other
31 30 29 28 27 26 25 24|23|22|21 I20 19|18|17|16|15 14 13 12 11 I10I 9 : 8 | 7 6 54 3 2 10 comparieow;?
R-type: |0|0|o[o]0|of0| rs2 rs1 |01 d |o|1[1]0]0]1]1 /.

0 - signed
1 - unsigned
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1 11 1 | I I | | I I | -"
ltype: | mmiz | st o4 rd  |ofo|1]o]o]1]4 }
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P\
MISSING COMPARISONS 11

Using SLT ond sLU you can create many other
comparisohs, such as the examp\es below:

Comparison Instruction
Setrd ifrs<0 slt rd,rs,x0
Setrdifrs>0 slt rd,x0,rs
Setrdifrs <>0 sltu rd,x0,rs
Setrdifrs >=rt slt rd,rt,rs

Comparisons are used to evaluate "conditional exPressions"
such as the test ofF an iF statement or a while IooP.
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NEXT TIME

e We wil examine more instruction
erpes and caPabiliJries

O Branchinﬁ

o Jump and Link
o I_oadina From and storing

to memor-y

O Specioﬂ instructions
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