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x86

Privalumai:
@ Suderinamumas per paskutinius 40 mety
@ Greitas naujo ir seno kodo vykdymas
@ GreicCiausios sistemos
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x86

Trukumai:
@ Dideli lustai (kristalai)
@ Daug tranzistoriy — didele iSsklaidoma galia
@ Senos funkcijos palaikomos tik dél suderinamumo
@ Funkcijos dubliuojasi
@ Daug funkcijy nenaudojamos daugelyje programy

@ Daug specializuoty operacijy or registry — keblumai
kompiliatoriy konstruktoriams

“AMD’s 80x86 architect, Mike Johnson, famously quipped, “The
x86 really isn’t all that complex—it just doesn’t make a lot of
sense”

(Waterman 2016)
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Argumentai RISC naudai

@ “Semiconductor memories are both fast and relatively
inexpensive” (Patterson et al. 2003)
@ “it is difficult to have "rational” implementations” (ibid.)

e IBM 370: Peuto and Shustek have discovered that a
sequence of load instructions is faster than a load multiple
instruction for fewer than 4 registers; this covers 40% of
cases in typical programs (Patterson et al. 2003; Peuto et al.
1977)

e Patterson found that for VAX 11/780 replacing complex
INDEX instruction (calculates address of an array element,
checks bounds) by several simple instructions (COMPARE,
JUMP LESS UNSIGNED, ADD, MUL) can calculate the same
function 45% faster (in special cases, 60% faster!) (Patterson
et al. 2003)
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Argumentai RISC naudai

@ “measurements of a particular IBM 360 compiler found that
10 instructions accounted for 80% of all instructions
executed, 16 for 90%, 21 for 95%, and 30 for 99%”"!
(Patterson et al. 2003; Alexander et al. 1975).

@ “pushing a register on the stack with PUSHL RO is slower

than pushing it with the move instruction MOVL RO,-(SP)
on the VAX 11/78” (Patterson et al. 2003)

IBM 360 had 8 bit opcodes, so would have no more than 256 different
instructions — with various operands (“IBM System/360 Principles of
Operation”, p. 14)
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RISC

Techniniai ypatumai:

RISC CISC

Instructions Simple: Load/Store Complex tasks for mul-
regs, operations only tiple data types, both in
in regs regs and in memory

Instr. formats Fixed length, two main
types: load/store &
R :=R op R

Registers 16-32 general purpose

Variable length, may
types: load/store,

R :=R op R,

R := R op Mem,

R := Mem op Mem
Specialised or 8-16
general purpose

Adapted from: (Jamil 1995)
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RISC

Dizaino principai:

RISC

CISC

Design objective

Implementation

Caching

Compiler design

Philosophy

Trade off program
length, minimise time
to execute instruction
Hard-wired

Essential (at least for
code)

Find best instruction
ordering & register
allocation

Move all (complicated)
functions to software

Minimise program
length, maximise
work/instruction
Microprogrammed

Useful (= nowadays,
essential)

Find best/right
instructions

Move any useful
software function into
hardware

Adapted from: (Jamil 1995)
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Kai kurie RISC kompiuteriai

Praeityje...
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Kai kurie RISC kompiuteriai

Ir, tikriausiai, ateityje...
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4 RISC

@ Atvira RISC tipo architektira :)

@ Prieinama atviry licenzijy pagrindu

@ Nereikalauja mokesciy uz naudojima

e Eilé kompanijy gamina arba ruosiasi gaminti aparatura
(“gelezi”).

@ Prieinami atviro kodo jrankiai (kompiliatoriai, asembleriai,
0S).
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RISC-V variantai

@ 3 galimi adreso plociai:

e RV32

o RV64

e RV128
@ Daug ispléetimo galimybiy:

o I - base integer ISA
M - hardware multiply and divide
A — atomic synchronisation support
F - single precision floating point
D - double precision floating point

RV32G = RV32IMAFD
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RISC-V variantai

@ 3 galimi adreso plociai:
e RV32
o RVe4
e RV128
e EgzotiSkesni iSplétimai:
o S — Supervisor mode is implemented
e Q — Quad-precision (128 bit) floating point is supported
o C - Compressed (i.e., 16 bit) instructions are supported
o E - Embedded microprocessors, with only 16 registers

RV32G = RV32IMAFD
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RISC-V variantai

@ 3 galimi adreso plociai:

e RV32

o RV64

e RV128
o IsSplétimai ateiciai:

o L - Decimal arithmetic instructions
V - Vector arithmetic instructions
P — Packed SIMD instructions
B - Bit manipulation instructions
T - Transactional memory support

RV32G = RV32IMAFD
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@ 32, 64 arba 128 bity virtualus adresas

@ Jauniausias baitas ties jauniausiu adresu (little-endian)
e Palaikomas neislygintas pri¢jimas prie atminties

@ Virtuali atmintis: puslapiavimas

@ Jvestis/iSvestis: atvaizduota j atmintj
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RISC-V registrai

@ 32 bendros paskirties registrai

@ jei palaikomi slankaus kablelio skaiciai, dar 32 slankaus
kablelio registrai.

@ “it would be possible to define a non-standard subset
integer RISC-V ISA with 16 registers” (Waterman et al. 2014)

@ Registry plotis 32, 64 arba 128 bitai (lygus adreso plociui)
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RISC-V registry rinkinys

31 0 31 0
x0/zero x16
x1 x17
x2 x18
x3 x19
x4 x20
x5 x21
x6 x22
x7 x23
x8 x24
x9 x25
x10 x26
x11 x27
x12 x28
x13 x29
x14 x30
x15 x31
32 32
31 0
pc
32

RV32I Programuotojui matomi registrai (Waterman 2016)
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Komandos

visos pagrindinés komandos yra 32 bity plocio
turi buti ties zodzio riba
... bet 16 bity supakavimas gali ribg susmulkinti iki 16 bity
RV64 ir RV128 komandos taip pat 32 bity
RISC-V yra trijy adresy masina:
add x4,x5,x7 # x4 = xb + X7

@ 16-bit instructions are optionally supported to compress
code (the “C” extension), but they are synonyms of the
standard 32-bit instructions

(Porter 2018)
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Komandy formatai

31 25 24 20 19 15 14 12 11 76 0
\ funct? | 12 [ sl Jfunct3][ rd | opcode |R-type
\ imm[11:0] | rs1  [fmct3] rd [ opcode |I-type
[ imm[1:5] [ rs2 [ rsl [ funct3 [ imm[40] [  opcode | S-type
\ imm [31:12] | rd [ opcode | U-type

(Waterman et al. 2014)
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Komandy tipai

@ R-tipo instrukcijos:
add x3,x5,x6 # x3 = xb + x6
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Komandy tipai

@ R-tipo instrukcijos:
add x3,x5,x6 # x3 = xb + x6
@ I-tipo instrukcijos:
addi x4,x6,123 # x4 = x6+123
1w x4,8(x6) # x4 = Mem[8+x6]
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Komandy tipai

@ R-tipo instrukcijos:
add x3,x5,x6 # x3 = xb + x6
@ I-tipo instrukcijos:
addi x4,x6,123 # x4 = x6+123
1w x4,8(x6) # x4 = Mem[8+x6]
@ S-tipo instrukcijos:
sw x4,8(x6) # Mem[8+r6] = x4 (word)
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Komandy tipai

@ R-tipo instrukcijos:

add x3,x5,x6 # x3 = xb + x6
@ I-tipo instrukcijos:

addi x4,x6,123 # x4 = x6+123

1w x4,8(x6) # x4 = Mem[8+x6]
@ S-tipo instrukcijos:

sw x4,8(x6) # Mem[8+r6] = x4 (word)
@ B-tipo instrukcijos (S tipo variantas):
blt x4,x6,loop # if x4<x6, goto offset + pc
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Komandy tipai

@ R-tipo instrukcijos:

add x3,x5,x6 # x3 = xb + x6
@ I-tipo instrukcijos:

addi x4,x6,123 # x4 = x6+123

1w x4,8(x6) # x4 = Mem[8+x6]
@ S-tipo instrukcijos:

sw x4,8(x6) # Mem[8+r6] = x4 (word)
@ B-tipo instrukcijos (S tipo variantas):
blt x4,x6,loop # if x4<x6, goto offset + pc
@ U-tipo instrukcijos:
lui x4,0x12AB7 # x4 = value<<12
auipc x4,0x12AB7 # x4 = (value<<12) + pc
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Komandy tipai

@ R-tipo instrukcijos:

add x3,x5,x6 # x3 = xb + x6
@ I-tipo instrukcijos:

addi x4,x6,123 # x4 = x6+123

1w x4,8(x6) # x4 = Mem[8+x6]
@ S-tipo instrukcijos:

sw x4,8(x6) # Mem[8+r6] = x4 (word)
@ B-tipo instrukcijos (S tipo variantas):
blt x4,x6,loop # if x4<x6, goto offset + pc
@ U-tipo instrukcijos:
lui x4,0x12AB7 # x4 = value<<12
auipc x4,0x12AB7 # x4 = (value<<12) + pc

@ J-tipo instrukcijos (U tipo variantas):
jal # call: pc = offset + pc; x4 = ret add
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Adresavimo rezimai

Tik 2 adresavimo rezimai!
@ betarpiskas (operandas komandoje)
@ netiesioginis, naudojant registrg ir postamj
Betarpiskos reikSmés:
addi x5,x0,21

lui x6,x0,0x1234
addi x6,x0,0x5678 # x6 = 0x12345678
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Atminties komandos

Instruction Format Meaning

1b rd, imm[11:0] (rsl1) I Load byte, signed

1bu rd, imm[11:0] (rs1) I Load byte, unsigned

1h rd, imm[11:0] (rsi1) I Load half-word, signed
lhu rd, imm[11:0] (rs1) I Load half-word, unsigned
1w rd, imm[11:0] (rs1) I Load word

sb  rs2, imm[11:0] (rsl) S Store byte

sh rs2, imm[11:0] (rs1) S Store half-word

sw rs2, imm[11:0] (rs1) S Store word

fence pred, succ I Memory ordering fence
fence.i I Instruction memory ordering fence

(Waterman 2016)
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Registre x0 visada yra 0, o raSymas j Sj registrg ignoruojamas.
Tarpregistriné MOV komanda nebereikalinga!

add x6,x7,x0
naudojama vietoje

mov x6,x7
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Registras x1 pagal susitarima naudojamas grizZimo adresui,
kvieciant paprogrames

Grjzimo komanda tampa tiesiog jr x1 (Jump using Register)

Rekursinéms paprogrameéms x1 reikia iSsaugoti steke!
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MUL

Jaunesnieji sandaugos bitai visada tie patys tiek

dauginamiesiems su zenklu, tiek dauginamiesiems be zenklo =
tereikalinga viena komanda MUL jaunesniajai daliai:

mul x4,x9,x13 # x4 = x9*%x13
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MUL

Jaunesnieji sandaugos bitai visada tie patys tiek

dauginamiesiems su zenklu, tiek dauginamiesiems be zenklo =
tereikalinga viena komanda MUL jaunesniajai daliai:

mul x4,x9,x13 # x4 = x9*%x13

Vyresnioji dalis skiriasi operandams su zenklu ir be zenklo,
todel jai reikia 3 komandy:

MULH - operandai su Zenklu
MULHU - operandai be Zenklo

MULHSU - vienas operandas su Zenklu, kitas - be Zenklo
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MUL

Jaunesnieji sandaugos bitai visada tie patys tiek

dauginamiesiems su zenklu, tiek dauginamiesiems be zenklo =
tereikalinga viena komanda MUL jaunesniajai daliai:

mul x4,x9,x13 # x4 = x9*%x13

Vyresnioji dalis skiriasi operandams su zenklu ir be zenklo,
todel jai reikia 3 komandy:

MULH - operandai su Zenklu

MULHU - operandai be Zenklo

MULHSU - vienas operandas su Zenklu, kitas - be Zenklo

Rekomenduojama operacijas vykdyti Sia tvarka, tada aparatura
galés jas apjungti:

mulh x4,x9,x13 # compute upper half

mul x5,x9,x13 # compute lower half

# The product is now in the register pair x4:x5

Saulius Grazulis

RISC architektaros

Vilnius, 2020 18/24



JMP

Komanda JMP visada iSaugo grizimo adresg registre (t.y.
vienintelé komanda yra jal).

Bet, jei Sis adresas nereikalingas, kaip registra galima nurodyti
x0 )
jal x0, loop
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Stekas. x2

o Steko registras pagal susitarimg yra x2; stekas auga zemyn
16 baity porcijomis.

e Kintamieji steke gali buti pasiekiami, naudojant nedidelius
teigiamus poslinkius nuo x2
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e Kvietimo susitarimas: globaltis kintamieji patalpinami
viename atminties bloke, ir j Sio bloko pradzig rodo x3

@ x3 naudojamas pagal susitarimag

e Atskiri kintamieji pasiekiame su nedideliais poslinkiais x3
atzvilgiu

@ Globaliy kintamyjy registras inicializuojamas programos
pradzioje ir paprastai nekeiciamas
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Kiti registrai

@ Registras x4 — gijos vietiniai kintamieji

@ Registrus x8,x9,x18-x27 turi iSsaugoti iSkviestoji
paprograme (“s0-s11”)

@ Registrai x5-x7,x28-x31 laikomi laikinais ir paprogrameés ju
neissaugo (“t0-t6”)

@ Registrai x10-x17 naudojami argumentams perduoti
(“a0-a7”) 2

2Slankaus kablelio parametrai perduodami slankaus kablelio registruose
fn, jei Sie yra.
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Pavyzdys: daugelio zodziy sudétis

1i to
1i t1
1i t2
1i t3

add tb5,t1,t0

sltu t4,t5,t0 # Determine the carry bit.

add t6,t2,t3

add t6,t6,t4 # Add the carry bit

# t6 now contains the double-machine-word (64 bit) sum.
# Exit to the caller:

1i a0
1i a7
ecall

,0x12345678
,O0xFFEDCBA9

,0x1F
,0x44

,0
,93

ebreak
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Pavyzdys: daugelio zodziy sudétis

1i t0,0x12345678

1i t1,0xFFEDCBA9

1i t2,0x1F

1i t3,0x44

add tb,t1,t0

add t6,t2,t3

bgeu t5,t0,nocarry # Determine the carry bit.
addi t6,t6,1 # Add the carry bit

nocarry:

# t6 now contains the double-machine-word (64 bit) sum.
# Exit to the caller:

1i a0,0

1li a7,93

ecall

ebreak
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