e v v VvV WU g e

° [ o
° ° ° o © © 0 o 4 o )
PAIHOC -.,°.o°......o.' ®
BACH KHOA HA NOI * e 4 o ® o o ® 9 o © O
HANOI UNIVERSITY . . ° ° L e ©® ® ® 9 [ o © o O
BACH KHOA OF SCIENCE AND TECHNOLOGY . . ° ® ° Y o ° [ ] ® ® o O .
. ° ° °

KIEN TRUC MAY TiNH

Computer Architecture

Course ID: IT3030, IT3034, 173283




Noi dung hoc phan

OO0OO0O0O0O000oO0

nuong 1.
nuong 2.
nuong 3.
nuong 4.
nuong 5.
nuong 6.
nuong /.

nuong 8.

Gid&i thiéu chung

Hé thong may tinh

Kién trdc tap l1énh

S6 hoc may tinh

Bo xur ly

B nh&d may tinh

Hé thong vao-ra

Cac kién truc song song




Kién trdc may tinh

Chuong 3
KIEN TRUC TAP LENH




3.1. Gidi thiéu chung

3.2. LEnh hop nglr va toan hang

3.3. Cac lénh logic

3.4. Dich cac cau Iénh diéu khién

3.5. Lap trinh mang di liéu

3.6. Chuong trinh con

3.7. Ma may

3.8. Cac kién truc tap Iénh pho bién (doc thém)




3.1. Gidi thiéu chung

« Kién truc tap Iénh (Instruction Set Architecture):
cach nhin may tinh bd&i ngudi 1ap trinh
» Giao dién gi(ra phan mém va phan cirng
= PDuoc xac dinh badi tap 1énh va vi tri toan hang
« Cac kién trac thong dung: Intel x86, ARM, RISC-V, ...
= Vi kién truc (Microarchitecture): cach thuc hién
ki€n tric tap 1énh bang phan cirng
= Puoc trinh bay trong Chuong 5




Ngbén nglr trong may tinh

= Ngon nglr may (machine language):

= Ngon nglr dé phan cirng may tinh hiéu duoc

= Con goi la ma may (machine code)

- Cac lénh duoc m3 hoa bang cac bit O va 1

= BO xt&r ly doc va thuc hién cac Iénh ma may
 Hop nglt (assembly language):

= M6 ta cac Iénh may vé dang cac ky hiéu dé con

nguoi dé dang doc duoc




Mo hinh [ap trinh ciia may tinh

CPU

| PC

| IR

Pon vi
diéu khién

Bus hé théng

bPon vi
sO hoc va logic

Tap thanh ghi

>

B& nh& chinh

[énh

Iénh

Iénh

Iénh

dir liéu

dir liéu

dir liéu

dir liéu

Mo-dun vao-ra




CPU tim nap |énh tu bo nhé

« BO dém chuong trinh PC (Program
Counter) |a thanh ghi cia CPU gitlr
dia chi cta Iénh can nap vao dé thuc
hién

« BO xtr ly phat dia chi tir PC dén b6
nhd, [énh duwoc nap vao thanh ghi
lénh IR (Instruction Register)

« B xtr ly thay d6i ndi dung PC dé trd
dén Iénh tiép theo:
« Tuan tu: PC tang |én dé tro dén lénh ké
tiép
= Ré nhanh hoac nhay: PC nhan dia chi
dich, tré dén Iénh duoc ré toi

Bo6 nho’ chinh

|énh

|énh

™~ |énh duwoc

nap vao

|énh ké tiép

N

|énh

N

|énh

N

|énh

dia chi dich ——

|énh duoc
ré toi




Giali ma va thuc hién |énh

» BO xtr ly gidi ma 1énh da duoc nap vao va phat cac
tin hiéu diéu khién thuc hién thao tac ma Iénh yéu
cau

« Cac kiéu thao tac chinh cta lénh:

= Trao do6i dir liéu gitra CPU v&i bdé nhd chinh hoac vai
cong vao-ra

« Thuc hién cac phép toan s6 hoc hodc phép toan logic
voi cac dir liéu (duwoc thue hién bdi ALU)

= Chuyén diéu khién trong chuong trinh (ré nhanh, nhay)




CPU doc/ghi dur liéu bé nhé

= V&i cac |énh trao doi dir liéu vai bd nhd,
CPU can biét va phat ra dia chi ctia ngan
nh& can doc/ghi
= Dja chi d6 co thé la:
- Hang s6 dia chi duoc cho truc tiép trong Iénh
- Gi tri dia chi nam trong thanh ghi con trd
= Pia chi = Dija chi co s& + gia tri dich chuyén

nnnnnnn




Hang s6 dia chi

» Trong lénh cho hang sé dia BG nhd chinh

chi cu thé
A 2 ’ . s o e 2 dir lié

= BO xir ly phat gia tri dia chi d;fu
’ A p PRI v N g ? Ieu

nay dén bé nhd dé tim ra Hang so dia chl - en can doc/ahi
ngan nh& dir liéu can dir liéu
doc/ghi dirlicy
dir liéu
dir liéu




Str dung thanh ghi con tro

= Trong Iénh cho biét
tén thanh ghi con tro

= Thanh ghi con tro chira
gid tri dia chi

» BO xtr ly phat dia chi
nay ra dé tim ra ngan
nhé dir liéu can
doc/ghi

B6 nho’ chinh

di¥ liéu

Thanh ghi

di¥ liéu

» dit liéu can doc/ghi

di¥ liéu

di¥ liéu

di¥ liéu

di¥ liéu




St&r dung dia chi co s& va dich chuyén

» Dia chi co s& (base address): dia
chi cia ngan nhé co s&
= Dich chuyén dia chi (offset): gia s6
dia chi gi(ra ngan nh& can doc/ghi
so vOi ngan nh& co so
» Dia chi ctla ngan nhé can doc/ghi
= (dia chi co s&) + (offset)
« C6 thé sir dung cac thanh ghi dé
quan ly cadc tham so nay
= Trwong hop riéng:
= Dia chi co s& = 0 2 offset chinh |3
dia chi ngan nh¢&
= Offset = 0 = ngan nh& can doc/ghi 13
ngan nh& co s&

B6 nho’ chinh

Ngan nhd co so

Dia chi co s& -
> di¥ liéu
[ di¥ liéu
offset
| di¥ liéu

dit liéu can doc/ghi

~

di¥ liéu

di¥ liéu




Ngan xép (Stack)

« Ngan xép la vung nh& dir liéu c6 cau trac LIFO
(Last In - First Out vao sau - ra truéc)

« Ngan xép thuong dung dé phuc vu cho chuong
trinh con

« DAy ngan xép la mot ngan nh& xac dinh

= Dinh ngan xép 13 théng tin nam & vi tri trén cung
trong ngan xép

« Dinh ngan x&p co thé bij thay doi

= Ngan xép duoc dung trén cac kién triac pho bién
(VD: Intel x86)




Con tro ngan xép SP (Stack Pointer)

= SP |3 thanh ghi chira dia chi
cua ngan nh& dinh ngan xép
« Khi cat thém thong tin vao
ngan xép:
= Gidm ndi dung cua SP
« Khi lay thong tin ra khoi
ngan xép:
= Tang noi dung cua SP
= Khi ngan xé&p réng, SP tré
vao day

Ngan xép

»| Dinh ngan xép

Day ngan xép

chiéu
dia
chi
tang
dan




Thi tu luu trir cac byte trong bé nhd chinh

» BO nh& chinh duoc danh dia chi cho tung byte
= Hai cach luu trir thong tin nhiéu byte:

« Dau nho (Little-endian): Byte c6 y nghia thap duoc luu
trlr & ngan nhd ¢o dia chi nho, byte c6 y nghia cao duoc
luu trr @ ngan nh& coé dia chi lon.

« Dau to (Big-endian): Byte c6 y nghia cao duoc luu tritr &
ngan nh& cé dia chi nho, byte c6 y nghia thap duoc lvu
trlr & ngan nhdé ¢o dia chi lén.

« Cac san pham thuc té:

= Intel x86, RISC-V: little-endian

= Motorola 680x0, SunSPARC: big-endian

« ARM: little-endian hodac big-endian (tuy phién ban)




Minh hoa lvu trir trong bo nhé chinh

NOi dung word nhé = Ox1A 2B 3C 4D

Ox1A | 0x1001000
0x2B | 0x10010
0x3C*| 0x1001000A

0x4D | 0x1001000B

big-endian

1C 2D : A5 Bé

XQ F3 i C4 85

1A ZB\/C\/AfD

/

)2;/34 E 56\58(‘\

025AE58F554

Dia chi word nhé = 0x10010008

0x10010000
0x10010004
0x10010008

x1 00C

“0x4D

“0x3C

“0x2B

Ox1A

0x10010008
0x10010009
Ox1001000A
0x10010008B

little-endian

Lwu y: Bia chi word nhé la dia chi cua byte nhé ddu tién cua word nho dé




Tap lénh

» Mai bé xtr ly duoc thiét ké theo mot tap [énh xac
dinh

« Tap lIénh thudng cé hang chuc dén hang tram Iénh

= Mai Iénh may (ma may) 1a mét chubi cac bit (0,1)
ma bo xtr ly hiéu duoc dé thuc hién mot thao tac
xac dinh.

= Cac lénh duoc md ta bang cac ky hiéu goi nhé
dang text, dé chinh |a cac Iénh cua hop nglr
(assembly language)




Dang |énh hop ngtr

= M3 C:
a =Db + c;
= Vi du Iénh hop nglr:
add a, b, ¢ # a = Db + c
trong do:
= add: ky hiéu goi nh& chi ra thao tac (phép toan) can thuc
hién.
= Chu y: méi Iénh chi thuc hién mot thao tac
« b, c: cac todn hang ngudn (source operands)
= a: toan hang dich (destination operand)
« phan sau dau # 13 |&i gidi thich (chi c6 tac dung dén hét
dong)




Cac thanh phan cta I[énh may

Ma thao tac Dia chi toan hang

» M3 thao tac (operation code hay opcode): ma héa cho thao
tac ma bo xur ly phai thuc hién
« Cac thao tac chuyén dir liéu
« Cac phép toan s6 hoc
= Cac phép toan logic
« Cac thao tac chuyén diéu khién (ré nhanh, nhay)
= Dia chi toan hang: chi ra noi chira cac toan hang ma thao
tac sé tac dong
= Toan hang co thé la:
= Hang s6 nam ngay trong Iénh
= NOi dung ctia thanh ghi = can biét tén (s6 hiéu) thanh ghi
= N6&i dung ctia ngdn nhd (hodc cong vao-ra) = can biét dia chi




So lwong dia chi toan hang trong Iénh

» Ba dia chi toan hang:
=add rl, r2, r3 # rl = r2 + r3
= SUr dung pho bién trén cac kién tric hién nay
= Hai dia chi toan hang:
= add rl, r2 # rl = rl + r2
= S dung trén Intel x86, Motorola 680x0
= M6t dia chi toan hang:
= add rl # Acc = Acc + rl
« Duoc str dung trén kién trac thé hé trudc
» 0 dia chi toan hang:
= add
« Cac todn hang déu duoc ngam dinh & ngan xép
= Khéng théng dung




Cac kién truc tap lénh CISC va RISC

» CISC: Complex Instruction Set Computer
= May tinh v&i tap Iénh phire tap
= Cac bo xtr ly: Intel x86, Motorola 680x0

= RISC: Reduced Instruction Set Computer
= May tinh v&i tap Iénh thu gon
= MIPS, ARM, RISC-V, ...
= RISC doi nghich véi CISC
« Kién truc tap I1énh tién tién




Cac dac trung cua kién triac RISC

« SO lwong 1énh it

« Hau hét cac Iénh truy nhap todn hang & cac thanh ghi

= Truy nhap bd nhé bang cic 1énh LOAD/STORE
(nap/Iuu)

= Thot gian thuc hién cac Iénh [a nhu nhau

« Cac lénh cé do dai co dinh (thuwong 1a 32 bit)

= SO lwrong dang Iénh it

= Co it phuong phap dinh dia chi toan hang

» C6 nhiéu thanh ghi

» HO tro cac thao tac ctia ngdn nglr bac cao




Kién truc tap Iénh RISC-V

= RISC-V (RISC Five) - thé hé th& 5 cta kién truc RISC
« Puoc phat trién bai UC Berkeley (2010)
» Duoc quan ly bai RISC-V Foundation (riscv.org) (2015)
« Kién trac tap 1énh mé (open standard ISA), dién hinh cho
kién tridc tap 1énh hién dai
« Kién truc 32-bit, 64-bit, va 128-bit
« Cac phan tiép theo trong chuong nay sé nghién clru kién
trac tap Iénh RISC-V 32-bit
« Tai liéu:
= Chapter 2 - COD RISC-V Edition
= RISC-V Instruction Set




3.2. LEnh hop nglr va toan hang

add

= Vi du Iénh hop ngur:

a/

thao tac

\

7 \

cac toan hang |01 giai thich

/

#f a=D>b + c

« Phép toan s6 hoc

« Chuyén di liéu

= Phép toan logic

» Ré nhanh cé diéu
ki€én

= Ré nhanh khéng
diéu kién

Thanh ghi
Hang s6
Ngan nhd




Tap thanh ghi cua RISC-V 32

= RISC-V 32 c6 tap 32 thanh ghi 32-bit
= tr xO dén x31 (m3a hda bang 5-bit)

= Qui udc goi dir liéu trong RISC-V:

« DUr liéu 32-bit duoc goi la “word”

= DU liéu 16-bit duoc goi la “halfword”

= DUr liéu 64-bit duoc goi la “doubleword”




Tap thanh ghi cua RISC-V

Tén . Tén thajlh.g,hi Cong dung
thanh ghi | theo s6 hiéu
zero x0 constant value O, chira hang s6 =0
ra x1 return address, ch(ra dia chi tr& vé
sp X2 stack pointer, con tré ngan xép
gp X3 global pointer, con tré toan cuc
tp x4 thread pointer, con tro luéng
t0-t2 X5-x7 temporaries, chira cac gia tri tam thoi
sO/fp X8 saved register/frame pointer, luu bién/con tré khung
sl X9 saved register, thanh ghi luwu bién
a0-al x10-x11 function arguments / return values,
tham s6 vao cutia tha tuc/cac gia tri trd vé cda thu tuc
x12-x17 function arguments, tham sé vao cula thu tuc
x18-x27 saved registers, luu cac bién
x28-x31 temporaries, cac gia tri tam thoi




Tap thanh ghi (tiép)

= Cac thanh ghi cé thé duoc goi theo tén:
Zero, ra, to, t1, ... hoac x0, x1, x5, x6, ...
= Cac thanh ghi c6 chire nang xac dinh, vi du:
= zero: ludén ludn gilr hang sé6 = 0
= s0-s11: dwoc stir dung gilr cac bién
= t0-t6: duoc sir dung gitr cac gia tri tam thoi
= sp: con tré ngan xép




Lénh s6 hoc v&i todn hang thanh ghi

» Lénh add, Iénh sub (subtract) chi thao tac v&i toan

hang thanh ghi
= add rd, rsl, rs? # rd = rsl + rs?2
= sub rd, rsl, rs? # rd = rsl - rs?2
* VidumaC:
a =b - c;

f = (g+h) - (2 + 73);
- giathiét: a, b, ¢, f, g h, i, jnam & s0, s1, s2, s3, s4, s5, s6, s7
= M3 hop ngr RISC-V:

sub s0, sl, s2 # a =b - c

add t0, s4, s5 # t0O = g + h

add tl, so6, s7 # tl = 1 + 7

sub s3, t0, tl # £ = (g+h)-(i+7)




Toan hang hang sé (immediate)

- Todn hang hang s6 duoc xac dinh ngay trong |énh
addi rd, rsl, imm # rd = rsl+SignExt (imm)
- imm la hang sd nguyén cé dau 12-bit [-2048, +2047]
» SignExt (imm) : imm dwgc mé rong thanh 32-bit theo s6 c6 dau

= M3 C:
a = a t+ 4;
b =a - 12;
= M3 hop ngr RISC-V:
# sO0 = a, sl =D
addi s0, s0, 4
addi sl1, s0, -12

= at+4

¥ a
# b = a-12

- Luu y: Khong c6 Iénh trir (subi) véi hang s6

i
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Toan hang ¢ bo nhé

« Muén thuc hién phép toan s6 hoc v&i toan hang & bo nha,
can phai:
= Nap (load) gia tri t&r bd nhé vao thanh ghi
= Thuc hién phép toan trén thanh ghi
« Luwu (store) két qua tir thanh ghi ra bd nhé
= BO nhd duoc danh dia chi theo byte
= RISC-V str dung 32-bit dé danh dia chi cho cac byte nh& va cac
cong vao-ra
= Khéng gian dia chi: 0xO0000000 - OxFFFFFFFF
= Méi word cé do dai 32-bit chiém 4-byte trong bd nhd, dia chi cta
cac word |a boi cua 4 (dia chi ciia byte dau tién)
« V&i kién trac RISC-V, bo nh& lwu trir theo thir tu ddu nhé
(little-endian)




Minh hoa byte nhé va word nhd

No6i dung (Hexa)

| BACH KHOA |

Noi
dung

0x01

0x23

0x45

0Ox67

0x89

OxAB

0OxCD

OxEF

Ox1A

0x2B

0x3C

0x4D

Dia chi
byte nh¢

0x0000 0000
0x0000 0001
0x0000 0002
0x0000 0003
0x0000 0004
0x0000 0005
0x0000 0006
0x0000 0007

OXFFFF FFFB
OXFFFF FFFC
OXFFFF FFFD
OXFFFF FFFE
OXFFFF FFFF

232 bytes

Dija chi clia word nhd la dia chi cha byte dau tién

trong word nh& dé

67 i 45 23 i 01

EF | CD | AB : 89

4D i 3C i 2B | 1A
239 words

Pia chi
word nhé

0x0000 0000
0x0000 0004
0x0000 0008
0x0000 000C
0x0000 0010
0x0000 0014
0x0000 0018

OXFFFF FFF4
OXFFFF FFF8
OXFFFF FFFC




Lénh Iw (load word)

« Nap (doc) word dir liéu 32-bit tir bé nh& dua vao
thanh ghi

lw rd, i1mm(rsl) # rd = mem[rsl+imm]

= rs1: thanh ghi ch(ra dia chi co s& (base address)

= imm (immediate): hang sé dich chuyén dia chi (offset)
-> dia chi ctia word dir liéu can doc = dia chi co s& + imm
= rd: thanh ghi dich, noi chra word dir liéu duwoc nap vao
= Gia tri dia chi co s& va imm déu chia hét cho 4




Minh hoa Iénh Iw (load word)

lw rd, 1mm(rsl) B6 nh&

Dia chi co so

«———Ngan nh& co so

uep Suel 1Yo eig

Dia chi word nhé dir liéu | .
> dir liéu

“T———Word nhé dir liéu

/

dir lieu




Vi du [énh Iw

1w t0, 12(s3)

BO nh&

Thanh ghi/ca/{or/\ Dia chi
s3(10:01:00: 30 T 1C | 2D | A5 | B6 [(0x10010030

40 | F3 i C4 ' 85 | 0x10010034

— 0xC=12 5 5 5
6A | BC : 64 : 21 | 0x10010038
i' 1A | 2B { 3C | 4D | 0x1001003C
Thanh ghi dich 12 © 34 i 56 | BC | 0x10010040
R | 0 [ 25 EI6 DAl 02 | AE | 8F | 54 | 0x10010044
28 163 i BC:9E |0x10010048




Lénh sw (store word)

» Luwu (ghi) word dir liéu 32-bit tir thanh ghi ra bo nh&
sw rs2, imm(rsl) # mem[rsl+imm] = rs2

- rs2: thanh ghi nguén, chira word di liéu can ghi ra bd nhé
= rs1: thanh ghi ch(ra dia chi co s& (base address)

= imm (immediate): hang sé dich chuyén dia chi (offset)

- dia chi cta noi ghi word dir liéu = dia chi co s& + imm

= Gia tri dia chi co s& va imm déu chia hét cho 4




Minh hoa |énh sw

sw rs2, 1mm(rsl)

BO nh&

Dia chi co so

offse

(imm)

Dia chi word nh¢ |

v

——Ngan nh& co so

t

uep Suel 1Yo eig

v

—— Word nh¢

/

dir lieu




Vi du Iénh sw

t1]12 3456 AB |

B6 nho
Thanh ghi %{5/\ Dia chi
s3] 10 1 01 00 : 30 ‘.=1C§2D§A5§Bé@

40 | F3 : C4: 85 | 0x10010034
e L6A BC 64 21 | 0x10010038
5F 36 | 27 | D1 | 0x1001003C
4B i 2E : 74 | BC | 0x10010040
“»[12 34 56 | AB | 0x10010044
Thanhghinguon 125 63 | BC . 9E |0x10010048




Vi du todn hang bo nh& (1)

= Ma C:
// A 1a mang cac phan tir sO nguyén

32-bit s6 = dia chi co s

g =nh + A[8];
= Chogds4, hdss
= s6 chira dia chi co s& cia mang A

= Ma hop nglr RISC-V:
# Chi so 8, do do offset = 32
lw t0, 32(s6) # t0O = A[8]
add S4k/g5, 55\\# g = h+tA[8]
offset Thanh ghi co s&

Chu y: offset phai 13 hang s8, c6 thé duwong, am,
_hodc bang 0

E'//

A

A[O]

A[1]

A[2]

A[3]

Al4]

A[5]

A[6]

A[7]

A 4

A[8]

A[9]

A[10]

| BACH KHOA |




Vi du todn hang bo nh& (2)

= M3 C:

// A 1a mang cac phan tir s6 nguyén

32-bit s6 = dia Chifd‘Sé; ALO)
A[l2] = h + A[8]; Al1]

= Choh&s5
= s6 chira dia chi co s& cia mang A 32
48 :

. Ma hop ngit RISC-V: AL7)
lw t0, 32(s6) # tO = A[8] iy
add t0, s5, tO0 # t0 = h+A[8] .
sw t0, 48 (s0) # A[12]=h+A[8] A[12]




Thanh ghi v&i Bo nhé

= Truy nhap thanh ghi nhanh hon boé nhé
» Thao tac dit liéu trén bé nhé yéu cau nap (load) va
luu (store)
« Can thuc hién nhiéu |énh hon
» Chuong trinh dich s& dung cac thanh ghi cho cac
bi€n nhiéu nhat co thé
« Chi str dung bé nhé cho cac bién it dugc sir dung
= Can toi uu hoa sir dung thanh ghi




Nap hang s6 vao thanh ghi

= Trudng hop hang sé nguyén cd dau 12-bit (nam
trong khoang [-2048, +2047])> s dung Iénh addi

= M3 C:
// int 1a s6 nguyén c6 dau 32-bit

int a = 5;
int b = -240;
= M3 hop ngr RISC-V
addi s0, zero, 5 # sO =5
addi sl, zero, -240 # sl = -240

= Trong trudng hop hang s6 can nhiéu hon 12-bit >
khong thé sir dung cach nay




Nap hang sé 32-bit vao thanh ghi

= Trong truong hop hang s6 32-bit = str dung [énh
lui va |énh addi
» Lénh lui (load upper immediate)
lui rd, upimm
- Pua hang s6 upimm vao 20 bit cao cta thanh ghi dich
« 12 bit thap cua thanh ghi dich =0

rd upimm 0000 0000 0000
31 12 11 0




Vi du khaoi tao thanh ghi 32-bit

= M3 C;
int a = 0x21AB563C;

= M3 hop ngtr RISC-V:
lui s0,0x21AB5 # sO = 0x21AB5000
addi s0,s0,0x63C # sO0 = 0x21AB563C

0010 0001 1010 1011 0101 OOOO O0OOO 0000

0010 0001 1010 1011 0101 0110 0OO11 1100




Vi du khaoi tao thanh ghi 32-bit

= Néu bit 11 cua hang s6 32-bit I3 1, can tang gia tri phan bén
trai (20 bit cao) thém 1 khi str dung [énh 1ui

1
31 12 11 0

= M3 C;
int b = 0x12345EDC; //luwuy: OxEDC=-292
// 1110 1101 1100

= M3 hop ngtr RISC-V:/
lui s1,0x12346 #s1=0x12346000
addi sl,sl,-292 #s1=0x12346000+0xFFFFFEDC

# =0x12345EDC




3.3. Cac lénh logic

Cac |énh logic: Thao tac trén cac bit cua dir liéu

Phép toan Toan tu Lénh cua
logic trong C RISC-V

Shift left << slli
Shift right >> srli
Bitwise AND & and, andi
Bitwise OR | or, ori
Bitwise XOR A Xor, xXori
Bitwise NOT ~ XO0r, xXoril




Lénh logic: and, or, xor

and rd,
or rd,
xor rd,
Ma hop ngit

and s3,s1, s2
or s4,s1,s2

xor s5,s1,s2

rsl, rs2 # rd = rsl & rs?2
rsl, rs2 # rd = rsl | rs2
rsl, rs2 # rd = rsl © rs?2
N&i dung cac thanh ghi nguén
s1| 0100 : 0110 : 1010 : 0001 : 1100 : OO00 : 1011 : 0111
s2 | 1111 1111 1111 @ 1111 : 0000 : 0000 : 0000 i 0000
Két qua thanh ghi dich
s3
s4
s5




Lénh logic: and, or, xor

and rd,
or rd,
xor rd,
Ma hop ngit

and s3,s1, s2

or s4,s1,s2

xor s5,s1,s2

rsl,
rsl,
rsl,

sl

s2

s3

s4

s5

rs?2 # rd
rs?2 # rd
rs?2 # rd

N6i dung cac thanh ghi nguén

= rsl & rs’?
rs?2

= rsl

= rsl

VAN

rs?2

0100

0110

1010

0001

1100

0000

1011

0111

1111

1111

1111

1111

0000

0000

0000

0000

Két qua thanh ghi dich

0100

0110

1010

0001

0000

0000

0000

0000

1111

1111

1111

1111

1100

0000

1011

0111

1011

1001

0101

1110

1100

0000

1011

0111




Lénh logic: andi, ori, xori

s& nguyén 12-bit cé6 dau

# imm: hang

andi s6, s1, -1040 s6
ori s7,s1,-1040 s/

xori s8,s1,-1040 s8

andi rd, rsl, imm # rd = rsl & SignExt (imm)
ori rd, rsl, imm # rd = rsl | SignExt (imm)
xori rd, rsl, imm ¥ rd rsl * SignExt (imm)
N&i dung céc thanh ghi ngudn
s1({0010: 1011 : 0110 : 1010 : 0000 : 0011 : 1110 : 1001
imm | 111111111111 : 1111 : 1111 : 1011 : 1111 : 0000
Sign-extended (-1040)
M3 hop ngir Két qud thanh ghi dich




Lénh logic: andi, ori, xori

sb nguyén 12-bit cé déu

# imm: hang

andi rd, rsl, imm # rd = rsl & SignExt (imm)

ori rd, rsl, imm # rd = rsl | SignExt (imm)

xori rd, rsl, imm ¥ rd rsl * SignExt (imm)

N&i dung céc thanh ghi ngudn
s1({0010: 1011 : 0110 : 1010 : 0000 : 0011 : 1110 : 1001
imm | 111111111111 : 1111 : 1111 : 1011 : 1111 : 0000
Sign-extended (-1040)
M3 hop ngir Két qud thanh ghi dich

andi s6, s1,-1040 s6 | 0010 : 1011 : 0110 : 1010 : 0000 : 0011 : 1110 : 0000
ori s7,s1,-1040 s/711111 1111 : 1111 : 1111 : 1111 : 1011 : 1111 1001
xori s8,s1,-1040 s8| 1101 : 0100 : 1001 : 0101 : 1111 : 1000 : 0001 : 1001




Y nghia cla cac phép toan logic

nnnnnnnn

« Phép AND: gilr nguyén mot so bit trong word, x6a
cac bit con lai vé O
« Phép OR: gilr nguyén mot so bit trong word, thiét
ap cac bit con lai lén 1
« Phép XOR: gilr nguyén mot so bit trong word, dao
gia tri cac bit con lai
» Phép NOT: dao cac bit trong word
- P6i 0 thanh 1, va déi 1 thanh O
= RISC-V khéng cé 1énh NOT, dung |énh xori dé dao bit
= A XOR -1=NOT A

= xori sl1, sO0, -1 # sl = not sO

Luuy: -1 = OXxFFF dugc mé rong thanh OxFFFFFFFF




Phép dich bit

Dich trai logic

Dich phai logic

o-—+— —+— —F— +— > —— « . . > — —1> —> —

Dich phai s6 hoc

S+—> —+—> |1 —4> —1> . . . ——> — > —— —F—> —>>
A

|
gilt nguyén bit dau S

= Dich trdi k bit = nhan v&i 2k (két qud trong 32-bit)
= Dich phai k bit = chia cho 2k 13y phan nguyén




Lénh dich bit: sll, srl, sra

= s11 shift left logical (dich trai logic)
= 511 rd, rsl, rs2 # rd = rsl << rs?2
= Dich trai n6i dung rs1 va cat két qua sang rd
= rs2: chira so6 vi tri duoc dich

= srl shift right logical (dich phai logic)
= srl rd, rsl, rs2 # rd = rsl >> rs?2
« Dich phai n6i dung rs1 va cat két qud sang rd
= rs2: chira so6 vi tri duoc dich

= sra shift right arithmetic (dich phai sd hoc)
= sra rd, rsl, rs2 # rd = rsl >>> rs?2
= Gilr nguyén bit dau




= Gia stir cho néi dung cac thanh ghi:
- s0 = 000000013 (=194) ; s1 = OXFFFFFFFO (=-16)
= t0=3;t1=2
= Tim ndi dung s2, s3, s4 sau khi thuc hién cac |énh:
- s11 s2, sO, tO ¥ s2 = 19x8 = 152 = 0x00000098
« sr1l s3, s0, tl # s3 = phan nguyén cua 19/4 = 4
= sra s4, sl1, tl # s4 = -16/4 = -4 = OxFFFFFFFC
sO | 0000 ; 0000 | 0000 : 0000 ; 0000 | 0000 : 0001 : 0011 | 19
sl s2, s0, t0 s2 | 0000 | 0000 | 0000 | 0000 | 0000 | 0000 : 1001 | 1000 | 152
sl s3, 50, t1 s3 | 0000 | 0000 | 0000 | 0000 i 0000 | 0000 | 0000 | 0100 | 4
s1|1111 1111 1111 1111 1111 1111 1111 0000 | -16
_ srai s4,s1,tl s4| 1111 1111 1111 1111 1111 1111 1111 1100 | -4




Lénh dich bit: slli, srli, srai

= sl1l11
= srli
= Srail

Ma hop ngit

slli  tO0, s5, 7

srli t1,s5,17

srai t2,s5,3

rd,
rd,
rd,

s5

t0
t1

t2

rsl,
rsl,

rsl,

uimm

uimm

uimm

N6i dung thanh ghi nguén

# rd
# rd
# rd

rsl << ulmm

rsl >> ulmm

rsl >>> ulmm

uimm 13 hang sé nguyén khong dau 5-bit, chi ra dich bao nhiéu bit

[

]

1111

1111

0001

1010

0010

1011

1110

0111

J

Két qua thanh ghi dich

1000

1101

0001

0101

1111

0011

1000

0000

0000

0000

0000

0000

0}11

1111

1000

1101I

(

1111

1111

1110

0011

0100

0101

0111

1100




3.4. Dich cac cau Iénh diéu khién

= Cac ciu lénh diéu khién ré nhanh
= 1f
=if/else
= switch/case
= Cac cau lénh lap
= while
= do while

= for




Lénh ré nhanh

» Dang toéng quat

ré xuoi ré Nguo’c

sai  branch (dk) Label Label: <lénh duoc ré toi>
<|énh ké tiép>

Pling bung

. ~branch (dk) Label
Label: <Iénh duogrc ré toi> C<\Iénh ké tiép>

« Kiém tra diéu kién:
= Pung: ré tdi thuc hién |énh duoc danh nhan
= Sai: chuyén sang thuc hién 1énh ké tiép




Cac |énh ré nhanh cua RISC-V
beq rsl, rs2z, L1

= branch if equal

= Néu (rs1 == rs2) ré nhanh dén Iénh & nhan L1
bne rsl, rs2, L1

= branch if not equal

= néu (rsl !=rs2) ré nhanh dén lénh & nhan L1
blt rsl, rs2, L1 (hoac bltu)

= branch if less than

= néu (rs1 < rs2) ré nhanh dén lénh & nhan L1
bge rsl, rs2z2, L1 (hoac bgeu)

= branch if greater than or equal
i = néu (rs1 >=rs2) ré nhanh dén Iénh & nhan L1




Dich cau lénh i f

bne s3, s4, L1 # Néu i=j
add s0, sl, s2 # thi f=g+h |[Dicukién
. nguwoc nhau
Ll: sub s0, s0, s3 # f=f-1
(Chui y: Tén NHAN la do nguwoi ldp trinh tu ddt)




Dich cdu lénh 1 f/else

= Ma C:
1f (1==73)

= f,g,h,i,j&s0,sl,s2,s3,

else: sub

done:

f

= g+h;
else £ = f-h;

nhay qua nhanh else

(Jal x0,

done)

diéu kién ngwoc nhau




Dich cau lénh switch/case

default: amt = 0;
}

1f (button == 1)
else 1f (button == 2)
else 1f (button == 3)
else

Ma C:
switch (button) {
case 1: amt = 20;
case 2: amt = 50;
case 3: amt = 100;

break;

break;

break;

amt
amt
amt
amt

// twong duong véi sir dung cac cau lénh if/else

20;
50;
100;
0;




Dich cau lénh switch/case

Ma hop nglr RISC-V

# sO0 = button,

casel:
addi
bne
addi
beqg
caseZ:
addi
bne
addi
beqg
case3:
addi
bne
addi
beqg
default:
add
done:

t0,
sQO,
sl,
x0,

t0,
sQO,
sl,
x0,

t0,
sO,
sl,
x0,

sl,

sl = amt

zero, 1

t0, case?

zero, 20
x0, done

zero, 2

t0, case3

zero, 50
x0, done

zero, 3

t0, default
zero, 100

x0, done

Zero, zero

H= o H= o

S

t0 =1

button == 1? i1f not, skip to case?
if yes, amt = 20

and break out of case

t0 = 2

button == 2? if not, skip to case3
if yes, amt = 50

and break out of case

t0 = 3

button == 3? if not, skip to default
if yes, amt = 100

and break out of case

amt = 0

cudi moi nhdnh (trtr nhdnh cudi cting) cé mét 1énh nhdy vé nhdn done




Dich vong lap while

= Ma C:

_ gia thiét: s0

// xac dinh gid tri cua x
// sao cho 2% = 256

= 1;

= 0;

(p !'= 250)
p * 2
X + 1;

=p,sl=x

>

Yes

©
*
N

X+ 1

.




Dich vong lap while

= M3 hop ngtr RISC-V:

S6 |énh dwoc thye hién ?

# sO = p, sl = x
addi s0, zero, 1 f p = N°
add sl, zero, zero
addi t0, zero, 256 256 e
loop: p=p*2
beg+ s0, t0, done # p=256, thoat e
slli s0, s0O, 1 # p = p*2
addi sl1, sl1, 1 T = x+1
beq =zero, zero, loop # lap lai i
done:

ré nhanh khéng diéu kién dé quay lén

diéu kién ngwoc nhau




Dichvonglap do. . .while

= Ma C:

int p
int x
do {

p:
X:

// sao cho

X +
} while

// x&c dinh gid tri cua X

2% = 256

gia thiét: sO = p, s1 = x




Dichvonglap do. . .while

= M3 hop ngtr RISC-V:

# sO = p, sl = x

bne

done:

addi s0, zero, 1 #

add sl, zero, zero #

addi t0, zero, 256 #
loop:

slli s0, s0, 1 i

addi sl1l, sl1,

S6 |énh dwoc thye hién ?

p =1

= *2
x =0 E=>F<)+1
t0 = 250
p = p*2

Yes

diéu kién giong nhau




o N

Dich vong lap for - vi du 1 - viét ki€u while

= Ma C:
// add the numbers from 0 to 9
int sum = 0;
int 1i;
for (1=0; 1!'=10; i++) {
sum = sum + 1;

}
= M3 hop ngtr RISC-V:

# sO0 = 1, sl = sum
addi sl, zero, O # sum = 0
addi s0, zero, O # 1 =0
addi t0O, zero, 10 # t0 = 10
for: beq sO0, t0, done # Néu i=10, thoat
add sl, sl1, sO # Néu i<10 thi sum = sum+ti
addi sO0, s0, 1 # tang 1 thém 1
beq x0, x0, for # quay lai for




Dich vong Iap for - vi du 1 - viét ki€u do...while

= Ma C:
// add the numbers from 0 to 9
int sum = 0;
int 1i;
for (1=0; 1!'=10; i++) {
sum = sum + 1;

= M3 hop ngtr RISC-V:

# sO0 = 1, sl = sum
addi sl, zero, O # sum = 0
addi s0, zero, O # 1 =0
addi t0O, zero, 10 # t0 = 10
for: add sl, sl1, sO # sum = sum+i
addi sO0, s0, 1 # tang 1 thém 1
bne sO0, tO0, for # 1<10 quay lai for

done:




Vong lap for - vi du 2

= M3 C
int sum = 0;
int 1i;

for (i=1; 1 < 101; 1 = 1*2) {
sum = sum + 1;
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Vidu 2 cho vong lap for

= M3 hop ngr RISC-V
# sO = 1, sl =
addi s1,
addi sO,
addi tO,
bge s0, tO,
add s1, sl1, sO
slli sO0, sO, 1

sum
zero, O
zero, 1
zero, 101

loop: done

beqg x0, x0, loop

done:

H H O H= H= H FH HF

101

Néu i>= 101, thi thoat
néu i<101 thi sum=sum+i
1= 2*1

lap lai




3.5. Lap trinh mang du liéu

= Truy cap soO luong I&n cac dir liéu cung loai
« Chi s6 (Index): truy cap tirng phan tir cia mang
« Kich thudc mang (Size): s6 phan tlr cia mang




Truy cap cac phan tir 32-bit cia mang vdi chi so co dinh

Memory
Nap phan t& B[6] vao thanh ghi t3
lw t3, 24(s7) # t3 =B[6] <7
> B[O
t3 «] 0]
B[1]
C4t ndi dung t4 ra phan ti B[9] 36 24
sw t4, 36(s7) # B[9]=t4
t4 \\ “—  BI6]
—— " B[9]




Truy cap cac phan tir 32-bit cia mang vdi chi s6 dang bién

Nap A[i] vao thanh ghi t5: (s3 = i) Memory
slli ~ t0, s3, 2 #t0 = 4%
add 10, s6, t0 # 10 = dja chi cia A[i]
lw  t5, 0(t0) #t5 = A[i]
s6 . A[O]
t5 o
Al1]
4j 4
Cat ndi dung thanh ghi t6 ra phan tir A[j] (s4 =) - Al]
slli- t1, 4, 2 #tl=4%
add t1,s6,tl # 11 = dja chi cia AJ[j] _
sw  t6, 0(t1) # Alj]= t6 /H Alj]
t6 ——




Vi du vong lap truy cap mang dir liéu

= MaC
int M[200];

int 1i;

for (1=0; 1 < 200; 1 =1 + 1)
M[i] = M[1i] + 5;

// gld su dia chi co s& cua mang =
0x10023400
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Vi du vong 13ap truy cap mang dir liéu (tiép)

Ma hop nglt RISC-V
# s0 = array base address (0x10023400), sl = i
# khoi tao céac thanh ghi
lui s0, 0x10023 # sO0 = 0x10023000
addi s0, s0, 0x400 # sO0 = 0x10023400
addi sl, zero, O # 1 =0
addi t2, zero, 200 # t2 = 200
# vong lép
loop: bge sl1l, t2, done # 1 >= 200 then done
slli t0O, sl1, 2 # t0 = 1i*4
add t0, t0, sO # address of M[1]
1w tl, 0(t0) # tl = M[1i]
addi tl, tl, 5 # tl = M[i]+5
SW tl, 0(t0) # M[i] = M[i]+5
addi sl, sl1, 1 # 1 =1 + 1
beq x0, x0, loop # repeat
done:




Truy cap byte va ky tu

» Cac tap ky tu duoc ma hoa theo byte
= ASCII: 128 ky tu
= 95 ky thi hién thi, 33 ma diéu khién
= Latin-1: 256 ky tu
= ASCII va cac ky tw m& rong




Bo ma ASCII

= Do ANSI (American National Standard Institute)
thiét ké
« BO ma 8-bit > c6 thé ma hoa duoc 28 ky tu, co ma
tu: 0044 + FFq4 , trong dé:
= 128 ky tu chuan ctia ASCIl cé ma tir 00,4 + 7F 44
= 128 ky t m& rong céd ma tuw 80,4 + FF 4,




Cac ky tu chuan

» Cac ky tu hién thi chuan c6 ma ttr 20,14, + 7E14)
= Cac cht céi Latin: 'A'-"'Z' ; 'a' - '7

Cac chir s6 thap phan: '0' - '9"

cac diu cau:.,:; ...

cac ddu phép todn: +-*/%....
mot s6 ky hiéu thong dung: &, $, @, #
» dau cach
« Cac ma diéu khién c6 ma ttr 0014 + 1F 14 va 7F 14




Ma ASCII cta cac ky tu hién thi chuan

Hex Char | Hex Char| Hex Char| Hex Char| Hex Char| Hex Char
20 (Space) | 30 0 |40 @ |50 P |60 ‘ 70 P
21 ! 31 1 41 A | 51 Q |61 a |71 q
22 " 32 2 |42 B |52 R |62 b |72 r
23 # 33 3 |43 C |53 S |63 c |73 S
24 $ 34 4 |44 D |54 T |64 d |74 t
25 % 35 5 |45 E | 55 U | 65 e |75 u
26 & 36 6 |46 F | 56 V | 66 f 76 Y
27 ’ 37 7 | 47 G |57 W | 67 g |77 w
28 ( 38 8 |48 H | 58 X | 68 h |78 X
29 ) 39 9 |49 I 59 Y |69 i 79 y
2A * 3A : 4A J | BA Z | 6A j 7A y4
2B + 3B ; 4B K | 5B [ 6B k | 7B {
2C , 3C < 14C L | 5C \ 6C I 7C I
2D - 3D = | 4D M | 5D ] 6D m | 7D }
2E . 3E > | 4E N |5E ) 6E n |7E ~
2F / 3F ? | 4F O | 5F | 6F o |7F DEL




Cac ma diéu khién

Hex Name Meaning Hex Name Meaning

0 NUL Null 10 DLE Data Link Escape

1 SOH  Start Of Heading 11 DCH1 Device Control 1

2 STX Start Of TeXt 12 DC2 Device Control 2

3 ETX End Of TeXt 13 DC3 Device Control 3

4 EOT End Of Transmission | 14 DC4 Device Control 4

5 ENQ  Enquiry 15 NAK Negative AcKnowledgement
6 ACK  ACKnowledgement 16 SYN SYNchronous idle

7 BEL BELI 17 ETB End of Transmission Block
8 BS BackSpace 18 CAN CANcel

9 HT Horizontal Tab 19 EM End of Medium

A LF Line Feed 1A SUB  SUBstitute

B VT Vertical Tab 1B ESC ESCape

C FF Form Feed 1C FS File Separator

D CR Carriage Return 1D GS Group Separator

E SO Shift Out 1E RS Record Separator

F Sl Shift In 1F usS Unit Separator

Vi du:

-« CR- ma diéu khién chuyén con tro vé dau dong

« LF- ma diéu khién chuyén con tro xuéng dong tiép theo

= BS- ma diéu khién Iui trai con tré mot vi tri

- FF - ma diéu khién chuyén con tro sang dau trang tiép theo




Vi du ma hoa text

'Hello World ! («)
VIETNAM'

IHI

6C :

6C

65

48

6F

57

- 20

. 6F

21

64

6C

72

49

56

. 0A

. 0D

41

4E

54

45

XX

XX

- 00

4D

0x10010000
0x10010004
0x10010008
0x1001000C
0x10010010
0x10010014




Cac |énh thao tac voi byte

« RISC-V c6 cac l1énh dé Nap/Luu tirng byte:

1b rd, 1imm(rsl)

= Nap 1 byte tu bé nh& vao bén phai thanh ghi dich rd

« Phan con lai cta thanh ghi rd duoc m& rong c6 dau
thanh 32-bit (Sign-extended)

lbu rd, 1mm(rsl)

= Nap 1 byte tu bé nh& vao bén phai thanh ghi dich rd

« Phan con lai cta thanh ghi rd duoc mé& rong khéng dau
thanh 32-bit (Zero-extended)

sb rs2,1mm(rsl)

= Chi luvu byte bén phai thanh ghi rs2 ra bé nhé

nnnnnnn




Lénh Ib (load byte), Ibu va Iénh sb (store byte)

rd hoac rs2

XX

XX

Ib rd, imm(rsl)

lbu rd, imm(rs1)

sb rs2, imm(rsl)

Dia chi co s& Ngan nh&
- 2
4 CO SO
XX byte0 _| b /||;;)Lfset
sb .
Yo, byte0 <« Byte nh,d
doc/ghi

# nap 1 byte tu bo nhé vao thanh ghi
# 3 byte bén trdi duoc mé rong theo s6 cé dau

# nap 1 byte tu bo nhé vao thanh ghi
# 3 byte bén trdi duoc mé rong theo s6 khong dau

# cat 1 byte bén phai cia thanh ghira bd nhé

(N6i dung rs1 va imm cé thé chan hay 1)




Cac |énh thao tac vdi halfword

1lh rd, 1imm(rsl)

= Nap 2 byte (halfword) tir bé nhé vao bén phai thanh ghi
dich rd

« Phan con lai cta thanh ghi rd duoc mé& rong c6 dau
thanh 32-bit (Sign-extended)

lhu rd, 1mm(rsl)

= Nap 2 byte (halfword) tir bé nhé vao bén phai thanh ghi
dich rd

« Phan con lai cta thanh ghi rd duoc mé& rong khéng dau
thanh 32-bit (Zero-extended)

sh rs2,1imm(rsl)

= Luu 2 byte bén phai thanh ghirs2 ra bé nhé




Lénh Ih (load halfword), Ihu va Iénh sh (store halfword)

rd hoéc rsz Pia chi co so 1 Ngan nho
' 4 co SO
XX XX byte 1 byte O offset
" Ih/Ihu
sh v/, byte 0 h\alfword nhé
——" can doc/ghi
s (little-endian)
lh  rd, imm(rs1) # nap 2 byte tir bé nhé vao thanh ghi

# 2 byte bén trdi duoc mé rong theo so6 cé dau

lhu rd, imm(rs1) # nap 2 byte tir bé nhé vao thanh ghi
# 2 byte bén trdi duoc mé rong theo s6 khong dau

sh rs2, imm(rs1) # cat 2 byte bén phai cia thanh ghira bd nhé

(N6i dung rs1 va imm phai la chan)




# s6=0x10010040

1 (s0)

little-endian

4C

6D

65

48

BE

9A

20

- 6F

21

64

6C_

72

49

56

. 0A

. 0D

41

4E

54

45

XX

XX

- 00

4D

0x10010040
0x10010044
0x10010048
0x1001004C
0x10010050
0x10010054




Vi du truy nhap mang ky tu

= Ma C:
// chuyén d6i mang chir cai thuwong thanh chir cai hoa
char CharArray[10] = "abcdefghij";
int 1;
for (1 = 0; 1 < 10; ++1)
CharArray[i1] = CharArrayl[1i] - 32;
printf ("ss", CharArray):;




Vi du truy nhap mang ky tu

dat

.text
# s0

for:

a

= Ma hop ngir RISC-V:

CharArray: .ascii "abcdefghij"

base address of CharArray, sl =1

addi sl1l, zero, O # 1 =0

addi t3, zero, 10 # t3 = 10

bge sl, t3, done # i >= 10 ? thoat

add td4, s0, sl # t4 = dia chi CharArray[i]
1b t5, 0(t4) # t5 = CharArray[i]

addi t5, t5, -32 # t5 = CharArray[i]-32 (&0xDF)
sb t5, 0(t4) # CharArray[i] = tb5

addi sl1, sl1, 1 # 1 =1 + 1

j for # ldp lai




3.6. Chuong trinh con - thu tuc

Cac budc yéu cau:

Pat cac tham so6 vao cac thanh ghi a0-a7
(x10-x17)

Chuyén diéu khién dén thu tuc

Danh bé nhd cho thu tuc

Thuc hién cac thao tac cua thu tuc

Pat két qua vao thanh ghi cho chuong trinh
da goi thu tuc

Tr& veé vi tri da goi




Cac thanh ghi lién quan

» x10-x17 (a0-a7) : cac thanh ghi dé truyén tham
sO vao hodc tra két qua ra

» X1 (ra - return address) : thanh ghi chira dia chi
tré vé

= X2 (sp - stack pointer): con tré ngan xép

» X3 (gp - global pointer): con tré toan cuc

= x4 (tp - thread pointer): con tré luéng




Cac Iénh lién quan

s

» Lénh jal (jump-and-link)
jJal rd, Label
« rd = PC + 4 (dia chi Iénh ké tiép)
« PC = JTA (jump target address - dia chi dich nhay
toi)
« Lénh nhay khong diéu kién:
Jal x0, Label

» Lénh jalr (jump-and-link register)
jalr rd, rsl, imm
«rd =PC+4 (dia chilénh ké tiép)
» PC =rs1 + SignExt(imm)




Str dung cho thu tuc

» Goi thu tuc: str dung Iénh jal (jump-and-link)
jal ra, ProcedureLlabel
« Dia chi ctia Iénh ké tiép (dia chi tré vé) dugc cat sang ra

« Nhay dén dia chi ctia tha tuc: nap vao PC dia chi ctia Iénh
dau tién ctia Thu tuc duoc goi

= Tré vé tir thua tuc: st dung Iénh jalr (jump-and-link
register)
jalr zero, ra, 0 hoac jalr x0, x1, O
« Nhay dén Iénh c6 dia chi da duoc luvu & thanh ghi ra




Minh hoa goi Thu tuc

XXX: dia chi tré vé

main
lénh goithtituc |~ """ """ @ oroc
\\A ________ @ » e @
PC — jal ra,proc | —1 |
XXX —> lénh kétiep | |

x| 5

ra

@ jalr x0,ra, 0
K

Iénh tré vé
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Goi thu tuc I6ng nhau

main

PC —
XXX

jal ra, ,abg
|Eénh ké tiép

abc

Procedure
abc

YYY

jal ra, xyz
|€énh ké tiép

jalr x0,ra, 0

Xyz

Procedure
Xyz

jalr x0, ra, O

ra

YYY




Vidu Thu tuc |3

= Thu tuc 13 1a tha tuc khéng co 101 goi thu tuc khac
= Ma C:
int leaf example (int g, h, 1, 7J)
{
int £;
f= (g +h) - (2 + 3);
return f;

}
« CActhamso g, h,i, j & a0, al, a2, a3
« f & s4 (do do, can cat s4 ra ngan xép)
= t0 va t1 duoc tha tuc dung dé chira cac gia tri tam thoi,
cling can cat trudc khi sir dung
E - Két qua & a4




leaf example:

addi sp,
SW t0,
SW tl,
SW s4,
add t0,
add tl,
sub s4,
add a4,
1w s4,
1w tl,
1w t0,

addi sp,

jalr x0,

H FH H FH FH O FH O H= FHF= FH FH H H FHF

Ma hop ngr RISC-V

tao 3 chd & stack
cdt ndi dung tO0
cdt néi dung tl
cdt ndéi dung s4
t0 = g+h

£1 = i+3

f = (g+h)-(i+])
trd két qud sang a4
khé1 phuc s4

khé1i phuc tl

khé1i phuc tO0

x6a 3 muc ¢ stack

trd vé noi da goi




Vi du Thu tuc canh

= L3 thu tuc cd goi thu tuc khac
= M3 C:
int fact (1nt n)

{
1f (n < 1) return (1);
else return n * fact(n -

J

= Tham s6 n & a0
« Kétquatrdradal

1)




Ma hop ngr RISC-V

fact:

Ll:

YYY —

addi
SW
SW

addi
bgt
blt

addi
addi
jalr
addi
jal
1w

1w
addi

mul

jalr

sp, -8
4 (sp)
0 (sp)

x0, 1
t0, L1
a0, L1
x0, 1
sp, 8
ra, O
a0, -1
fact

0 (sp)
4 (sp)
sp, 8

al

ra, O

ao,

H H H=HH O H H FH H O H H H H H H H

danh 2 chd® & stack
cat dia chi trdo vé
cdt n

t0 = 1

néu n > 1, ré& téi L1
chinh la 1lénh nay

néu khéng, két qua 1la
khéi phuc sp

va tré vé

néu n >1 thi n = n-1
goli fact vdi (n-1)

khdéi phuc n

khéi phuc dia chi tro
giai phéng 2 muc khoi
al = n*(n-1)'!

tréd vé

Ve
stack




3.7. Ma may

» Cac lénh duoc ma hda dudi dang nhi phan duoc
goi la ma may
« BO xtr ly chi hiGuOva 1
= Tap lIénh cua RISC-V 32-bit:
= Cac |énh duwoc ma hda 32-bit
- MOoi Iénh chiém 4-byte trong bd nhd, do vay dia chi cta
|énh trong bé nh& [a bbi cua 4
= 4 kiéu dang lénh:
« Kiéu R
« Kiéu |
- Kiéu S/B
« Kiéu U/)J




Cac dang Iénh RISC-V 32-bit

31:25 24:20 19:15 14:12 11:7 6:0
funct7 rs2 | rs1 |funct3 rd op R-Type
IMM11-0 rs1 |funct3 rd op I-Type
IMMy1-5 rs2 | rs1 |funct3 | imma.g op S-Type
IMM12.10:5 rs2 | rs1 |funct3 |immg+41| Op B-Type
IMM31.12 rd op U-Type
IMMgo 10:1,11,19:12 rd op J-Type
fs3 |funct2| fs2 | fs1 |funct3 fd op R4-Type
5bits  2bits 5bits 5bits 3 bits 5 bits 7 bits
Figure B.1 RISC-V 32-bit instruction formats




Kiéu R (Register-type)

« Kiéu thanh ghi

31:25 24:20 19:15 14:12 11:7 6:0

funct?/ rs2 rsl |funct3| rd op
7 bit 5 bit 5bit 3bit 5hbit 7 bit

« 3 toan hang thanh ghi
= rs1, rs2: hai thanh ghi nguon (source registers)
= rd: thanh ghi dich (destination register)
« Cac truong khac:
= op: ma thao tac (opcode) = 0110011 = Ox33 = 51y,

= funct/, funct3: cac trudng function, cung v&i opcode
chi ra thao tac can thuc hién




R-Type Instructions (Table B.1)

‘functS ‘funct7 ‘Type ‘Instruction
0110011 (51) |000 |{0000000 |R add  rd, rsl, rs?
0110011 (51) |000 |{0100000 |R sub rd, rsl, rs?
0110011 (51) |001 |{0000000 |R sl rd, rsl, rs?
0110011 (51) |010 |{0000000 |R st rd, rsl, rs2
0110011 (51) |011 |{0000000 |R sltu rd, rsl, rs?
0110011 (51) [100 |[0000000 |R xor rd, rsl, rs?
0110011 (51) |101 |{0000000 |R sr1 rd, rsl, rs?
0110011 (51) (101 |{0100000 |R sra rd, rsl, rsz
0110011 (51) |[110 |{0000000 |R or rd, rsl, rs2
0110011 (51) |[111 |{0000000 |R and  rd, rsl, rs?




Tap thanh ghi

Table B.4 Register names and numbers
Register

Name |Number |Use

ZEro x() Constant value 0

ra x1 Return address

Sp x2 Stack pointer

op x3 Global pointer

tp x4 Thread pointer

t0-2 x5—7 Temporary registers

sO/fp  [x8 Saved register / Frame pointer

s1 x9 Saved register

a0-1 x10-11 | Function arguments / Return values

a2-7 |x12-17 |Function arguments

s2-11 |x18-27 |Saved registers

t3-6 x28-31 |Temporary registers




Vi du lénh kiéu R

funct?7 rs2 rsl  funct3 rd op

add s2, s3, s4 0 20 19 0 18 51
7 bit 5 bit 5bit 3bit 5bit 7 bit

|
OOOObOO 10100 | 10011 | 000 | 10010 | 0110011

|
(0x01498933)

sub tO, t1, t2 32 7 6 0 5 51

|
OlOObOO 00111 | 00110 | 000 | 00101 | 0110011
|

(0x407302B3)




Kiéu I (Immediate-type)

» Kiéu tlre thi

31:20 19:15 14:12 117 6:0
imMmy 4.0 rs1 |funct3| rd op
12 bit 5bit 3bit 5bit 7 bit

» 3 toan hang:

= rs1: todn hang thanh ghi nguén

= rd: toan hang thanh ghi dich

= imm: hang s6 12-bit s6 nguyén c6 dau theo ma bu hai
« Cac truong khac:

= op: ma thao tac

= funct3: trwong function, cung vdi opcode chi ra thao

tac can thuc hién




I-Type Instructions (Table B.1)

‘ funct3 ‘ funct7 ‘ Type ‘ Instruction

0000011 (3) |000 |- b rd, imm(rsl)
0000011 (3) |001 |- Th rd, imm(rsl)
0000011 (3) |010 |- Tw rd, imm(rsl)
0000011 (3) |100 |- Tbu rd, dimm(rsl)
0000011 (3) |101 |- Thu rd, dimm(rsl)
0010011 (19) |000 |- addi  rd, rsl, imm

001 0000000° s11i  rd, rsl, uimm

)

)

) |010 |-
19) |011 |-
19) 1100 |-

)

)

)

)

0010011 (19 slti rd, rsl, imm
0010011
0010011
0010011
0010011
0010011

0010011

sTtiu rd, rsl, imm

xori rd, rsl, imm

19) 101 0000000° srli rd, rsl, uimm

19) [101 0100000
19) 110 |-
19) 111 |-

srai rd, rsl, uimm

ori rd, rsl, imm

e I T I I A I I R I T N I

(
(
(
(
(
(
0010011 (19
(
(
(
(
(
(
(

andi rd, rsl, imm




Vi du lénh kiéu I

imm rsi funct3 rd op
addi sO, s1, 12 12 9 0] 8 19
12 bit 5bit 3bit 5bit 7 bit

0000/00001100 | 01001 | OO0 | 01000 | 0010011

(Ox00C48413)

addi s2, t1, -14 -14 6 o) 18 19

111111110010 | 00110 | OO0 | 10010 | 0010011

(OxFF230913)




Vi du lénh kiéu I

lw t2, 8(s3)

lh tO, -6(s5)

b t1, 5(sé)

imm

rsl

funct3 rd op
8 19 2 7 3
12 bit 5bit 3bit 5bit 7 bit
00000000 10011 | 010 | 00111 | 0000011
(OxO089A383)
-6 21 1 5 3
11111111 10101 | 001 | 00101 0040011
(OXFFAA|9283)
5 22 O 6 3
000000000101 | 10110 | 000 | 00110 | 0000011
(0x005B0303)




Kiéu S (Store-Type)

= Cac |lénh store: sw, sh, sb

31:25 24:20 19:15 14:12 11:7 6:0

immyq.s rs2 rsl | funct3 | imma.g op
7 bit 5 bit 5bit 3bit 5bit 7 bit

» 3 toan hang:

= rs1: thanh ghi co so

= rs2: thanh ghi chira gia tri sé duoc ghi dén bé nhé

= imm: hang sé 12-bit s6 nguyén c6 dau theo ma bu hai
« Cac truong khac:

= op: ma thao tac = 0100011 = Ox23 = 354

= funct3: trwvong function




S-Type Instructions (Table B.1)

‘funct3 ‘funct7 ‘Type ‘Instruction
0100011 (35) |000 |- S sb rs2, imm(rsl)
0100011 (35) |001 |- S sh rs2, imm(rsl)
0100011 (35) {010 |- S SW rs2, imm(rsl)




Vi du Iénh may kiéu S

-8=1111 1111 1000
sw sO, -8(s6)

14= 0000 0000 1110

sh s1, 14(s7)

/7=0000 0000 0111

sb s2, 7(s8)

immyq.5 rs2 rsl funct3  immyg.g op
1111 111 8 22 2 11000 35
7 bit 5 bit 5bit 3bit 5bit 7 bit

1111 111 { 01000 | 10110 | 010 | 11000 | 0100011
(OxFE8B2C23)

0000 000 9 23 1 01110 35
0000 000 | 01001 | 10111 | 001 | 01110 | 0100011
(Ox009B9723)

0000 000 18 24 0] 00111 35
0000 000 | 10010 | 11000 | OO0 | 00111 | 0100011

(Ox012C03A3)




U-Type, B-Type, J-Type Instructions (Table

| funct3 ‘ funct7 ‘ Type ‘ Instruction

0110111 (55) |- - U Tui rd, upimm
1100011 (99) |000 |- B beq rsl, rs2, label
1100011 (99) |001 |- B bne  rsl, rs2, label
1100011 (99) |[100 |- B b1t  rsl, rs2, label
1100011 (99) 101 |- B bge rsl, rs2, label
1100011 (99) |110 |- B bltu rsl, rs2, label
1100011 (99) |111 |- B bgeu rsl, rs2, label
1100111 (103) |000 |- | jalr rd, rsl, imm
1101111 (111) |- - ] jal rd, Tabel




Kiéu B (Branch-Type)
= Cac lénh ré nhanh: beq, bne, blt, bge, bltu, bgeu

31:25 24:20 19:15 14:12 11:7 6:0
imm12 10:5 rs2 rsl | funct3 | immaq 14 op
7 bit 5 bit 5 bit 3 bit 5 bit 7 bit

» 3 toan hang:

= rs1, rs2: thanh ghi nguén 1 va 2

= immy,.1: 12-bit ctia hang sé imm s6 nguyén c6 dau theo

ma bu hai

« Cac truong khac:

= op: ma thao tac = 1100011 = Ox63 = 994

= funct3:| Lénh | beq | bne | blt | bge | bltu | bgeu
funct3 | 000 | 001 100 101 110 111




Vidu 1 cho Iénh may kiéu B

# Pia chi Hop ngt
PC > 0x00401050 beqg s0, t5, L1
0x00401054

imm

—+—(0x00401060) Ll: addi s1, sl, 16
e
Dia chi dich (BTA Branch Target Address) = PC + imm

imm = 0x00400060 - 0x00400050 = 0x10 = 16

imm,,,=16 = 0 0_000000 1000
vi tri bit 12 11

immM12 10:5 rsl immg.q 14 op
X I'g 4y
beq sO, t5, L1 0 000000 30 8 0 10000 99

7 bit 5 bit 5bit 3bit 5bit 7 bit
0 000000 | 11110 | 01000 | OO0 | 10000 | 1100011
(Ox01E40863)




Vi du 2 cho Iénh may kiéu B

Pia chi Hop ngt
~—(0x00400070) L2: add s0, sl, s2
0x00400074
imm
PC "/=OXOO4OOO8C bne t0, s0, L2

Dia chi dich (BTA) =PC +imm

imm = 0x00400070 - 0x0040008C = - Ox1C = -28
immy,o=-28 = 1 1 111111 0010 O
vi tri bit 12 11 10 -

immy2 10:5 rsi

bnet0,s0, L2 | 1111111 | 8 5 1 | 00101 99

7 bit 5 bit 5bit 3bit 5bit 7 bit

1111111 | 01000 | 00101 | 001 | 00101 | 1100011

(OXFE8292E3)




Kiéu U (Upper Immediate -Type)

» S*dung cho lénh 1ui rd, upimm
» 2 toan hang:

= rd: thanh ghi dich

= upimm: immsq., ( 20-bit cao cta hang sé imm 32-bit)
= op: ma thao tac = 0110111 = Ox37 = 554

31:12 11:7 6:0

iIMM3q.12 rd op
20 bit 5 bit 7 bit

lui s5, OXx8CDEF Ox8CDEF 21 55

1000 1100 1101 1110 1111 10101 | 0110111

F (Ox8CDEFAB7)
E




Ki€éu J (Jump -Type)

» S dung cho lénh jal rd, Label
» 2 toan hang:

= rd: thanh ghi dich

= iMMyg 10:1 11.19:12 : 20-bit (20:1) cdia hang s6 imm 21-bit
= op: ma thao tac = 1101111 = Ox6F = 1114,

31:12 11:7 6:0
IMM0 10:1.11,19:12 rd op
20 bit 5 bit 7 bit

« Cha y: Lénh jalr 1a Iénh kiéu I




Vidu 1 [énh may kiéu J

imm

vi tri bit 2

jal ra, functl

imm = 0x004029A8 - 0x00400050 = 0x02958
imm,o= O 00000010 1 0010101100 O

# Pia chi Hop ngti
PC —+— 0x00400050 jJjal ra, functl
0x00400054

4¥>§)x004029A8} functl: addi sl1, sl, 16

Dia chi dich (JTA Jump Target Address) = PC + imm

0
: , rd op
x q ~&
0 0010101100 1 00000010 1 11119
0 0010101100 1 00000010 | 00001 | 1101111

(Ox159020EF)




Vi du 2 [énh may kiéu J

# Pia chi Hop ngti
~—(0x00403074) Ll: addi sl1, x0, 2
0x00403078
imm
PC —/» 0x004030AC jal x0, L1

Dia chi dich (JTA) = PC + imm

imm = 0x00403074 - 0x004030AC = -0x0038 = -56 =OxFFFCS8
immyoe= 1 11111111 1 1111100100 O

vi tri bit 2 0
: : rd op
x v Y
jal x0, L1 1 1111100100 1 11111111 0 11119

1 1111100100 1 11111111 | OOOOO | 1101111
(OXFCOFFO6F)




Tong két cac kiéu 1énh may

/ bit 5 bit 5 bit 3 bit 5 bit / bit
funct/ rs2 rsl funct3 rd op
immMy1.0 rsl funct3 rd op
iImmyq.s rs2 rsl funct3 | immy, op
iIMmy5 105 rs2 rsl funct3 | immy.q 44 op
imMM3q.10 rd op

IMMg 10:1,11,19:12 rd op

20 bit 5 bit / bit

R-Type
I1-Type
S—-Type
B-Type
U-Type
J-Type




M3 hod hang s6 imm trong lénh

= RISC-V str dung cac hang s6 32-bit
= Trong |énh chi ma hoa 12 bit hoac 20 bit
= Hang s6 imm dugc tao ra nhu sau:

immyq, immyq.q immg
immy, immyy;y 0
imm31:21 immzo:1z 0
immyg immMmyg.12 immiq 0

3130292827 2625242322212019181716151413121110 9 8 7 6 5 4 3 2 1 0

-—C




M3 hod hang s6 imm trong lénh

0]S

=

=
10 9 8 7 6 5)4 3 2 1]o0 rs1 funct3 rd
11|10 9 8 7 6 5 rs2 rsi funct3 2 3 2 1
10 9 8 7 6 5 rs2 rsi funct3 |12 3 2 1

1)

1|B

NS

Xlg 18 17 16 15 14 13 12]

rd

20{10 9 8 7 6 5)J4 3 2 1

11)19 18 17 16 15 14 13 12)

rd

31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16 151413121110 9 8 7

gilr cac bit cung vi tri & don gidn hoa thiét ké phan cirng
« bit instrs, ludn gir bit dju ctia hang s6 imm
cac bit instrsg.00 chra cac bit immsg.0 (I€nh ki€u U)
cac bit instrsg.,5 chira cac bit immyg.s (Iénh kiéu 1/5/B/J)
cac bit instryo.1, chita cac bit immyq., (IEnh ki€u U/J)
cac bit instr,4.,1 (1/J) hoac instry41.5 (S/B) chira cac bit imm,.,
bit immg va bit immy, (trwong hop khong phai la bit dau) cé
thé nam & bit instr,, (1/J) hodc bit instr, (S/B)




Dich ma may vé hop ngr

 Viét Iénh mdy dudi dang nhi phan

« Bat dau véi opcode = kiéu dang |énh

= Phan tach cac truong cua Iénh may

=rd, rsl, rs2: ma cac thanh ghi twvong &rng
= funct3, funct?: chi ra thao tac cu thé




Vi du dich ma may vé dang hop ngr

Lénh may: Ox41FE83B3
0100 0001 1111 1110 1000 0011 1011 0011
op = 011 0011 = 5140 > 1énh kiéu R
funct3 = 000, funct7 = 0100000 - Iénh sub

funct/ rs2 rsl funct3 rd op
0100000 | 11111 | 11101 000 00111 | 0110011
7 bit 5 bit 5 bit 3 bit 5 bit 7 bit
32 31 29 0 7 51

Lénh hop nglr: sub x7, x29, x31
hoac sub t2, t4, to




Vi du dich ma may vé dang hop ngir (2)

Lénh may:  OXFDA48393
1111 1101 1010 0100 1000 0011 1001 0011
op = 19, funct3 = 0 = |énh addi (kiéu I)

imMmy1. rsl funct3 rd op
1111 1101 1010 01001 000 | 00111 | 0010011
12 bit 5 bit 3 bit 5 bit 7 bit
-38 9 0 7 19

Lénh hop ngtr:  addi x7, x9, -38
hoac addi t2, sl, -38




Cac phuong thuc dinh dia chi

» Phurong thirc dinh dia chi (Addressing modes) Ia
cach ma hda trong Iénh dé:
— = xac dinh noi doc/ghi toan hang, hoac
= xac dinh dia chi cta |énh tiép theo.

= RISC-V c6 4 phuong thire dinh dia chi

= Dinh dia chi thanh ghi (Register Addressing)

— = Dinh dia chi tirc thi (Immediate Addressing)

_= Dinh dia chi co s& (Base Addressing)

\»: DPinh dia chi tuvong doi véi PC (PC-relative Addressing)




Dinh dia chi thanh ghi

= Cac todn hang nam & thanh ghi
« Tat ca cac Iénh kiéu R sir dung phuong thirc nay
= Vidu:

= add sO0, t2, t3

= sub t8, sl1, sO

funct7 | rs2 | rs1 | funct3 | rd op

Tap thanh ghi

Thanh ghi




Dinh dia chi turc thi

= Todn hang 13 hang s& imm (12-bit) trong |énh
= Vidu:

= addi s3, t5, -20

= ori1 s4, t7, OxFF

imm rs1 | funct3 | rd op




= Toan hang nam & bd nhé

= Cac lénh Load va Store

= Dia chi toan hang = Dia chico s& + imm

= Vidu:
= 1w s4, 12(s6)

=« Diachi =(s6) + 12
= sw t2, -20(s7)

= Piachi=(s7) - 20

imm rs1 | funct3 | rd op

B6 nh&

Dinh dia chi co so

Word

Halfword

Byte

Thanh ghi co s& (rsl)




Dinh dia chi twong doi véi PC

» Xac dinh dia chi cua Iénh tiép theo
« Sr dung cho cac |énh branch va Iénh jal
« Cac lIénh branch: Khi diéu kién dung thi ré nhanh
t&i thue hién 1énh & Dia chi dich ré nhanh (BTA
branch target address).
BTA = PC + SignExt({immy,.4,1'bO})
(PC chtra dia chi cta Iénh branch)
» Lénh jal: Nhay dén thuc hién [énh & Dia chi dich
nhay t&i (JTA - jump target address)
JTA = PC + SignExt({immyg.1,1'b0})
(PC chtra dia chi cta Iénh jal)




Vi du lénh branch

= Lénh ré nhanh c6 ma may: 0x01338Cé63 dat & ngan nh& co dia
chi Ox00401020, xac dinh |énh hop nglr va tinh dia chi dich ?
0x01338C63 = 0000 0001 0011 0011 10001100 110 0017
op = 110 0011 va funct3 = 000 = |énh beq
Dia chi dich (BTA) = PC + SignExt({imm5.1,1'b0})

immy5 10:5 rs2 rsl funct3  immgyq 11 op Lénh hop ngtr
0.000000 | 10011 | 00111 | 000 | 11000 | 1100011 |beq x7,x19, L1
7 bit i | 3 bit 5 bit 7 bit beq t2,s3, L1

Dia chi dich (BTA) =0x00401020 + 0 0 000000 1100 Oy

= (0x00401020 + 0xO0000018 = 0x00401038
0x00401020 beg t2, s3, L1

0x00400024

0x00401038 L1l: <lénh tiép theo>




Vi du Iénh jal

= Lénh nhay c6 ma may: OxFDDFFO6F dat ¢ ngan nh& cé dia chi
0x004018C4, xac dinh |énh hogp nglr va tinh dia chi dich ?
OxFDDFFO6F =1111 1101 1101 1111 1111 0000 0110 1119
op=1101111 - |énhjal
Pia chi dich (JTA) = PC + SignExt({immyg.1,1'b0})

iMMyg 10:1.11,19:12 rd op
1 11111011101 111111112 00000 1101111 jaI x0, L1

Dia chi dich (JTA) = 0x004018C4 +1 111111111 111 1101 110 Oy
= 0x004018C4 + OxFFFFFFDC = 0x004018A0

0x004018A0 Ll:
0x004018A4

0x004018C4 jJal x0, L1




Lénh nén (Compressed Instructions) (Table B.6)

= Cac lénh c6 do dai 16-bit
» Thay thé cho cac Iénh vdi s6 nguyén va so6 dau
phay dong
= S&r dung tién to: c.
= Vidu:
= c.add

= Cc.1lw
= C.addi

Minh hoa qua: ripes.me




C.ac

C.ac

C

C

Hop ngtr
addi tO, x0, 4
addi t1, x0, 7
add tO, t0, t1

I sO, 4
I s1,7/

c.add s0, sl

Lénh mady
0x00400293
0x00700313
0x006282b3
0x0411
0x049d
0x9426




Lénh gid (Pseudoinstructions) (Table B.7)

Pseudoinstruction

RISC-V Instructions

J label

Jal x0, label

Jjr ra

jalr x0, ra, O

mv th, s3

addi tb5, s3, O

not s/, t2

xorl s/, tz2, -1

nop

addi x0, x0, O

11 s8, OxX/7EF

addi s8, x0, Ox7EF

11 sO0, 0x12345678

lui s0, 0x12345
addi s0, sO, 0Oxo678

bgt s1, t3, L3

blt t3, sl, L3

bgez t2, L5

bge t2, x0, L5




3.8. Cac kién trac tap l1énh pho bién

« Kién truc Intel x86
= Dung pho bién trong Laptop, Desktop, Server
= T 1978
« Tap Iénh phirc tap (CISC)
« PO dai lénh: 1-15 byte
= 16/32/64-bit
« Kién truc ARM
= Dung pho bién trong Smartphone, Tablet
= T 1985
= Tap Iénh thu gon (RISC)
» D6 dai [énh: 4 byte (2 byte)
= 32/64-bit




Intel x86

= Evolution with backward compatibility
= 8080 (1974): 8-bit microprocessor

= Accumulator, plus 3 index-register pairs

= 8086 (1978): 16-bit extension to 8080
= Complex instruction set (CISC)

= 8087 (1980): floating-point coprocessor
= Adds FP instructions and register stack

= 80286 (1982): 24-bit addresses, MMU

= Segmented memory mapping and protection

= 80386 (1985): 32-bit extension (now 1A-32)

= Additional addressing modes and operations
= Paged memory mapping as well as segments




Intel x86

= Further evolution...

= 1486 (1989): pipelined, on-chip caches and FPU
= Compatible competitors: AMD, Cyrix, ...

Pentium (1993): superscalar, 64-bit datapath

= Later versions added MMX (Multi-Media eXtension)
instructions

= The infamous FDIV bug
Pentium Pro (1995), Pentium Il (1997)

= New microarchitecture

Pentium Il (1999)

= Added SSE (Streaming SIMD Extensions) and associated
registers

Pentium 4 (2001)

= New microarchitecture
= Added SSE2 instructions




Intel x86

= And further...
« AMD64 (2003): extended architecture to 64 bits

« EM64T - Extended Memory 64 Technology (2004)
« AMDé64 adopted by Intel (with refinements)
= Added SSE3 instructions

= Intel Core (2006)

= Added SSE4 instructions, virtual machine support

« AMD64 (announced 2007): SSE5 instructions

= Intel declined to follow, instead...

= Advanced Vector Extension (announced 2008)
= Longer SSE registers, more instructions

= If Intel didn’t extend with compatibility, its

competitors would!
= Technical elegance # market success




Basic x86 Registers

Name

EAX

ECX

EDX

EBX

ESP

EBP

ESI

EDI

EIP

EFLAGS

31

CS

SS

DS

ES

FS

GS

Use

GPRO
GPR 1
GPR 2
GPR 3
GPR 4
GPR 5
GPR 6

GPR7

Code segment pointer

Stack segment pointer (top of stack)
Data segment pointer 0

Data segment pointer 1

Data segment pointer 2

Data segment pointer 3

Instruction pointer (PC)

Condition codes




Basic x86 Addressing Modes

= Two operands per instruction

= Address in register
= Address = R, + displacement

Source/dest operand Second source operand
Register Register
Register Immediate
Register Memory
Memory Register
Memory Immediate
 Memory addressing modes

= Address = Ry, + 25¢9¢ x R. ., (scale =0, 1, 2, or 3)
« Address = Ry, + 25¢le x R._ .. + displacement




Xx86 Instruction Encoding

a. JE EIP + displacement

4 4 8
gg | Condi- Displacement
tion
b. CALL
8 32
CALL Offset

c. MOV  EBX, [EDI + 45]

6 11 8 8
r/m .
MOV |d|w Postbyte Displacement
d. PUSH ESI
5 3
PUSH |Reg

e. ADD EAX, #6765
4 3 1

32

ADD |Reg|w

Immediate

f. TEST EDX, #42
7 1 8

32

= Variable length

encoding

= Postfix bytes specify
addressing mode
= Prefix bytes modify

operation

= Operand length,
repetition, locking, ...

TEST w Postbyte

Immediate




Implementing 1A-32

« Complex instruction set makes implementation
difficult

= Hardware translates instructions to simpler
microoperations
= Simple instructions: 1-1
= Complex instructions: 1-many

= Microengine similar to RISC

= Market share makes this economically viable
= Comparable performance to RISC

= Compilers avoid complex instructions




ARM & MIPS Similarities

« ARM: the most popular embedded core
= Similar basic set of instructions to MIPS

ARM MIPS

Date announced 1985 1985
Instruction size 32 bits 32 bits
Address space 32-bit flat 32-bit flat
Data alignment Aligned Aligned
Data addressing modes 9 3
Registers 15 x 32-bit 31 x 32-bit
Input/output Memory Memory

mapped mapped




Compare and Branch in ARM

= Uses condition codes for result of an
arithmetic/logical instruction
= Negative, zero, carry, overflow
= Compare instructions to set condition codes without
keeping the result
= Each instruction can be conditional

= Top 4 bits of instruction word: condition value
= Can avoid branches over single instructions




Instruction Formats: ARM, MIPS, RISC-V

Load

Store

ARM

Register-register

MIPS

RISC-V

ARM

MIPS

RISC-V

ARM

MIPS

RISC-V

31 28 27 20 19 16 15 12 11 4 3 0
Rs1* Rd*
31 26 25 21 20 16 15 11 10 6 5 0
Rs1® Rs2® Rd° Const®
31 25 24 20 19 1514 12 11 7 6 0
Rs2° Rs1® Rd®
31 28 27 20 19 16 15 12 11 0
31 26 25 21 20 16 15 0
31 20 19 1514 12 11 7 6 0
immediate'? Rs1® funct3® Rd® opsode’
31 28 27 20 19 16 15 12 11 0
Rs1* Rd* Const'?
31 26 25 21 20 16 15 0
Rs1® Rd® Const'®
31 25 24 20 19 1514 12 11 7 6 0
immediate’ Rs2° Rs1® funct3® immediate® opsode’
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ARM v8 Instructions

» [n moving to 64-bit, ARM did a complete overhaul
« ARM v8 resembles MIPS

= Changes from v7:
= No conditional execution field
= Immediate field is 12-bit constant
= Dropped load/store multiple
= PCis no longer a GPR
= GPR set expanded to 32
= Addressing modes work for all word sizes
= Divide instruction
= Branch if equal/branch if not equal instructions




Kién trdc may tinh

Hét chuong 3
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