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[ Rds  [[Shamis ] Functiong

Op (opcode) Ma lénh, duing dé xac dinh lénh thuec thi (trong kiéu R, Op = 0).

Rs, Rt, Rd (register): Truong xac dinh thanh ghi (truong thanh ghi 5 bit tuong tng véi 32 thanh

ghi).

Shamt (shift amount): Xac dinh s6 bits dich trong cac 1énh dich bit.

Function: Xac dinh toan ti(operator hay con goi la 1énh) trong kiéu lénh R.

e Immediate: Dai dién cho con sé truc tiép, dia chi, offset.

1.1 Bai tap
Bai 1.1. Cho doan code hgp ngit MIPS sau:

1 addi $a0, S$zero, 100 # upper threshold

2 addi $al, Szero, O # count variable
3 add $a2, S$zero, S$zero # sum initialization
4+ loop:

5 beq $a0, $al, exit

6 add $a2, $a2, Ssal

7 addi $al, S$al, 1

8 Jj loop

9 exit:

(@) Xac dinh loai 1énh ctia tirng lénh trong doan code trén.

(b) Xét 1énh beq $a0, $al, exit, xac dinh khodng cach ré nhanh téi da (don vi tinh theo

byte, theo 1énh) ctia 1énh beq

(c) Gia sit dia chi bat dau ctiia doan chuong trinh trén 1a 0x1000_0000. Xac dinh ma may cta

lIénh j loop

(d) Gid sttlénh j loop c6 ma may la 0x0809_0A0B, va PC hién tai la 0x4000_0080. Sau khi

thuc thi lénh j loop gia tri thanh PC la bao nhiéu.



2 Single clock processor

2.1 Single clock processor
e Uu diém: Mot lénh thuc thi trong mét chu ky. May tinh don gidn, dé hiéu, dé hién thuec.
e Nhudc diém: Mot chu ky ton nhiéu thai gian, méi 1énh dit nhanh hay cham déu thuc thi trong
mot chu ky — hiéu suéat thap.
2.2 Kién tric single cycle

2.2.1 Phan cirng

Instruction [25-0] . Jump address [31-0]
. [ Shift\,
- \left 2
26 28 |Pc+4[31-28] -0) L
Add . ’\ u N
X X
ALU
4 —| Add | o it 1 0
RegDst .
Jump
Branch
MemRead
Instruction [31-26] MemtoReg
— = Control ALUOp
MemWrite
| ALUSrc
RegWrite
Foad Instruction [25-21] Read
ea > i
PC o] address register 1 Read
Instruction [20—16] Read data 1
Instruction [J|1 5 | register2
[31-0] M| | write Read G Address Rdea%g (1
Instruction | || \nsiruction [15-11)| & || register data 2 M |t|/|
memory >| 1 ) g X
| data Registers| || [\ 0
egisters Write Data
> data Mmemory
Instruction [15-0] 16 @ 32 {

Instruction [5-0]

Hinh. 1: Kién truc bo xtt Iy MIPS single clock cycle

Thanh PC: Tré dén 1énh thuc thi ké tiép.

Instruction memory: Chita code, chuong trinh thuc thi (phan .text).

Registers file: Gém 32 thanh ghi, do d6 can 5 bit dé xac dinh thanh ghi (2° = 32). Pé xac dinh
chi tiét thanh ghi, ta tham khao Bang 1.

Sign-extend: Bo mé rong dau, mé rong dau 16 bits — 32 bits.

Bo chon (MUX): Dung dé chon input cho output tuong ttng. Tin hiéu select dua ra su lua chon.

e ALU: Thuc hién tinh toan.

Data memory: La vang nhd dit liéu (phan .data). Chi c6 1énh LOAD va STORE méi truy xuat
vao khéi Data Memory.



e Control: Khéi diéu khién, sinh ra tin hiéu diéu khién dua vao ma lénh Opcode.

Bang. 1: Danh sach 32 thanh ghi

| REGISTERS |
0 zero | Always equal to zero
1 at Assembler temporary; used by the assembler
2-3 vO-vl | Return value from a function call
4-7 a0-a3 | First four parameters for a function call
8-15 | tO-t7 | Temporary variables; need not be preserved
16-23 | sO-s7 | Function variables; must be preserved
24-25 | t8-t9 | Two more temporary variables
26-27 | kO-k1 | Kernel use registers; may change unexpectedly
28 gp Global pointer
29 sp Stack pointer
30 fp/s8 | Stack frame pointer or subroutine variable
31 ra Return address of the last subroutine call

Bang. 2: Y nghia ctia cac tin hiéu diéu khién.

Ta giad st tin hiéu tich cuc & muc cao (HIGH).

Tin hiéu | Y nghia Gia tri
Tich cuc | KHONG tich cuc
RegDest Chon thanh ghi két qua Chon R, dé ghi két qua | Chon R; dé ghi két qua
RegWrite Ghi két qua vao thanh ghi Cho phép ghi Khoéng cho phép
ALUSrc Chon toan hang cho ALU:thanh ghi | Chon s6 Chon thanh ghi
hoéac sé (immediate)
Memwrite | Ghi vao data memory Cho phép ghi Khong cho phép
MemRead | Doc tir data memory Cho phép doc Khoéng cho phép
MemtoReg | Dung deé chon dudng tir data mem- | D liéu ti data memory | Dt liéu tir ALU — thanh
ory dén thanh ghi — thanh ghi (1énh load) | ghi
Branch Dung cho cac lénh ré nhanh c6 | Lénh branch Khoéng phai 1énh branch
diéu kién
Jump Dung cho cac lénh nhdy khong c¢é | Lénh jump Khoéng phai 1a 1énh jump
diéu kién

Chu y: Khong quan tam dén RegDst, MemtoReg khi tin hiéu RegWrite = O

2.2.2 Data-path

Load

Store

Branch

Jump

Bang. 3: Cac budc thuc thi ctia cac 1énh MIPS.

Execute

Execute

Execute

2.3 Bai tap

Dung lai kién tric dudc miéu t4 6 Hinh 1 dé tra 16i cac cau hdi bén dudi:
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Cho bang delay ctia cac khéi phan cung nhu Bang bén dudi:

I-MEM | ADDER | MUX | ALU REG | D-MEM | Control
200ps 10ps 30ps | 180ps | 150ps | 200ps 10ps

Bai 2.1. Xac dinh dudng di c¢6 do tré lau nhat ctia 1énh and, load va tinh d6 tré d6?

Bai 2.2. Xac dinh cac tin hiéu ctia khéi control khi thuc thi 1énh beq $8, $9, label. V@i $8 = 0
x00FF, $9 = OxOOFE

Bai 2.3. Thanh phan phan ciing nao khong st dung khi ta thuc thi 1énh slti, 1énh j.

Bai 2.4. B0 qua delay ctia cac khéi adder, mux, control. Xac dinh data path va thoi gian ctia cac loai
1énh sau.

e ALU
e Load
e Store
e Branch
e Jump
Bai 2.5. Xac dinh thdi gian ctia single cycle va multi-cycle

Bai 2.6. Gia sit c6 1 chuong trinh gom 40% ALU, 20% Loads, 10% Stores, 20% Branches, va 10% Iumps.
Tinh CPI trong truong hop single cycle, multi cylce.

Bai 2.7. Tinh speed up ctia hé théng Multi cycle déi vai hé théng single clock cycle.

2.4 Pap an/Goi y
Bai 2.1. Critical path.

e and: I-MEM(200) — REGs(150) — MUX(30) — ALU(180) — MUX(30) = 590
e load: I-MEM (200) — REGs(150) — ALU(180) — D-MEM(200) — MUX(30) = 760

Bai 2.2. Xac dinh tin hiéu diéu khién.
Xét lénh beq $8, $9, label. VGi $8 = 0x00FF, $9 = O0x0OFE.

Tin hiéu Gia tri | Giai thich

RegDest x | don’t care

RegWrite 0 | Khong ghi két qua vao thanh ghi

ALUSrc 0 | Chon thanh ghi dé so sanh vé6i thanh ghi $8
Memwrite 0 | Khong truy xuat vao vang data

MemRead x |0

MemtoReg x | don’t care

Branch 1 | Lénh ré nhanh

J 0 | Khong phdi l1énh jump

ALUop 10 | Tham khdo Bang ??

Bai 2.3. Hoat dong khoi phan cung.
Lénh slti dung dé set gia tri thanh ghi dich lén 1 néu thanh ghi dem so sanh nhé hon s6 cho
trudce, ngudc lai no sé reset gia tri thanh ghi dich xuéng 0 néu thanh ghi dem so sanh 16n hon
hoac bang sb cho trudc.
Vidu: slti stl, $t2, 100 Khithanhghi$t2 < 100this$tl = 1, ngudclaikhi$t2 >= 100
thi $t1 = 0. Tk d6 ta xét cac khéi phan ciing ma lénh s1ti di qua nhu sau:

PC (1énh nao cting qua PC) — I-MEM (lénh nao cing qua I-MEM) — control unit, Reg files, MUX
(2x), Sign extend, (khong di qua bo cong PC) — ALU — (khéong qua D-MEM) — MUX — Reg files.

Bai 2.4. Data path, thoi gian thuc thi 1énh.



Instruction| Instruction| Register ALU Data Total
class memory read Operation memory
ALU 200 150 180 500 ps
Load 200 150 180 200 730 ps
Store 200 150 180 200 730 ps
Branch 200 150 180 530 ps
Jump 200 150 350 ps

Bai 2.5. Thoai gian chu ky ctia hé thdng single cycle va hé thong multi cycle

e Thoi gian chu ky cda hé thdng single cycle = max(thsi gian thuc thi ctia tat ca cac 1énh).
Lénh load 1a 1énh c6 thai gian thuc thi 1au nhat 730 ps — thdi gian chu ky ctia single cycle
= 730 ps.
e Thoi gian ctia hé thong multi cycle = max I F'(InstructionMemory), I D(Register Files), EX E(ALU), MEM (]
max (200, 150, 180, 200, 150) = 200 — thdi gian ctia multi cycle = 200ps.
Bai 2.6. CPI (Cycle per instruction: s6 chu ky trén 1énh).

e CPI ctia hé thong single cycle = 1 (1 chu ky thuc thi 1 1énh).
e CPIcilamulticycle=04x44+02x54+01x44+02x3+0.1x2=3.38

(ALU 4 cycles; Load 5 cycles; Store 4 cycles; Branch 3 cycles; Jump 2 cycles)

Bai 2.7. Thai gian thuc thi.
Thdai gian chay cta 1 chuodng trinh = IC x CPIx thoigian 1 chuky = IC x CPI/f.
e IC: s0 lénh.
e CPI: sb chu ky trén mét 1énh.

o f: tan sé.

Thoi gian chay trén hé théong single cycle: IC x 1 x 730.
Thoi gian chay trén hé théng multi cycle: 7C x 3.8 x 200.
Speedup = (1 x 730)/(3.8 x 200) = 730/760 = 0.96.
Trong truong hgp nay ta thay hé thong Multi clock cycle lai khong hiéu qua bang hé thong
Single clock cycle vi:
e Cac budc thuc thi c6 thoi gian khong déu.
e Nhung lénh nhiéu budc (load, store) chiém phéan 16n trong chuong trinh

e Trong hé théng single clock cycle qua trinh write back dugc thuc thi § chu ky tiép theo
nén cycle time ctia hé thong single clock cycle giam.



3 Pipeline processor

3.1 Pipeline processor
3.1.1 Cac buéc trong pipeline

B0 x1t Iy Pipeline chia qua trinh thuc thi 1énh thanh 5 budc, méi budc thuc thi trong trong moét chu
ky.

1. IF: Lay 1énh (khdi Instruction Memory), 32bits 1énh chira cac théong tin ctia 1 1énh dugc lay ra
tu instruction memory.

2. ID: Gidi ma lénh (khéi Registers va Control), xac dinh toan tt, cac tin hiéu diéu khién, noi dung
cac thanh ghi, gia tri immediate.

3. EXE: Thuec thi tac vu 1énh (khéi ALU).
4. MEM: Truy xuat vang nhé (khéi Data Memory) - chi dung cho 1énh load/store.
5. WB: Ghi két qua vao thanh ghi (khoi Registers).

3.1.2 Hiéu suat.
Ta chia qua trinh thuyc hién lénh ra thanh k buéc (tdng quat).
e Thoi gian thuc thi N 1énh trén hé théng single cycle = N x single cycle.

e Thai gian thuc thi N 1énh trén hé thong pipeline = (k + N -1) x pipeline cycle. Lénh dau tién:
mat k chu ky, n -1 lénh con lai, con lai méi lénh 1 chu ki).
Truong hop ly tudng: single cycle = k x pipeline cycle.
Khi d6

k x n x pipelinecycle

cdup =
speedup (k +n — 1) x pipelinecycle

Khi chuong trinh da 16n n — oo thi speedup — k (pipeline nhanh t6i da gap k 1an single cycle)

Chu y:
e Pipeline khong rut ngan thoi gian thuc thi ctia mét 1énh, ma chi tang hiéu suat 1én bang cach

tang thong nang (through-put) ciia may.

e Khi cac buéc ctia mot 1énh ¢6 thai gian thuc thi khac nhau (cac budc khong déu nhau) thi sé
lam gidm speed up.

e Thoi gian fill va drain ciing dong thoi lam giam speed up.

e Dé hién thuc pipeline ngudi ta dung thanh ghi dé luu két qua lai & mdi buéc.
— Tin hiéu ta khéi control unit (main control)

Tat ca tin hiéu diéu khién dugc sinh ra & buéce ID

Mbi buéc dung 1 s6 tin hiéu diéu khién

RegDst dugc dung trong buéc ID

ExtOp, ALUSrc, ALUCtrl, J, Beq, Bne, zero dugc dung trong buéc EXE

MemRead, MemWrite, MemtoReg dung trong buéc MEM

RegWrite dung trong buéc WB

3.2 Hazard

Khi hién thuc pipeline s€ gay ra cac loai hazards: structural, data, va control.

3.2.1 Structural hazard

Xay ra khi ¢6 su tranh chap tai nguyén phan ciing, 2 1énh cung dung chung phan cing trong cung

chu ky.



3.2.2 Data hazards
Xay ra khi c¢6 su phu thuéc di liéu kiéu Read After Write (RAW).

Cac kiéu phu thuéc di liéu

e Read After Write - RAW Hazard

1 add $sl1, $s2, $s3 #thanh ghi $sl duoc ghi
2 sub $s4, $sl1, $s3 #thanh ghi $sl1 duoc doc
Pipeline

cl c2 c3 c4 (e15) c6
] IF ID EXE | MEM| WB
IF ID EXE | MEM| WB \

Data hazard xuét hién khi 1énh (2) doc noi dung $s1 & budce ID (chu ky 3), trong khi dé 1énh (1)
lai cap nhap két qua cta $s1 & buéc WB (chu ky 5).

e Write After Read: Name Dependence

1 sub $t4, S$tl, $t3 # Stl1 duoc doc truoc
2 add S$tl, $t2, $t3 # Stl duoc ghi sau

Khong c6 su phu thuoc dit liéu & day, chi c6 phu thudc tén bién $t1. Dé loai bd su phu thuoc
vé tén bién, ta ddi tén thanh ghi.

1 sub $t4, $tl, $t3
2 add $t5, $t2, St3

e Write After write: Name Dependence

1 sub $tl1, S$t4, $t3 # Stl duoc ghi
2 add Stl, $t2, $t3 # Stl duoc ghi lan nua

Khoéng cé su phu thudc dit liéu 6 day, chi cé phu thudc tén bién. Két qua chi phu thudc vao
l1énh (2). Dé loai bé su phu thudc vé tén bién, ta déi tén thanh ghi.

1 sub Stl, St4, $t3
2 add $t5, $t2, $t3

¢ Read After Read: khéng gay ra su phu thuodc.

3.2.3 Phuong phap giai quyét data hazard.
Chen stall (aka bubble, delay)

Chén stall ¢ ddm b3o lénh trudc cap nhap két qua trong khi lénh sau (phu thuoc vao két qua do)
c6 thé doc dudc két qua do6 trong cung chu ky. Phuong phap nay khong tén tai nguyén phan cing
(gia thanh), chi tao ra delay cho chuong trinh (gidm hiéu suat).

Dung ky thuat forwarding (xic tién sém).

e Phuong phap nay can thém tai nguyén phan ciing (gia thanh ting) dé hién thuc két hgp voi
chén stall khi can thiét.

e Khi x4y ra data hazard do6i vé6i 1énh load va 1énh ké tiép né, cho du ta c6 dung ky thuat forward
thi cting phai tén 1 stall dé gidi quyét chuing.

¢ Dé hién thuc forward, ngusi ta thém boé mux cho viéc lua chon input cho ALU.
Cac 1énh (ngoai trit 1énh load) thi két qua dudc cho ra & budc ALU (EXE) nén khi ta dung ky
thuat forward sé khong con stall niia.

Chu y:



e Cac forwarding déu forward vé vi tri EXE vi ALU la noi bat dau tinh toan — can dua input truée
ALU.

e Forward két qua vé chu ky n tit chu ky n-1 (1a chu ky truéc n).

Sap xép lai code
sap xép lai code (phan mém) c6 thé giup gidm thiéu stalls nhung viéc sdp xép phai ddm bao thu tu
truée sau khi c6 su phu thudc va ddm béo tinh dung dan cda chuong trinh.

3.3 Control hazard

Xét doan chuong trinh bén dudi.

beq 5$tl, $t2, label
addi $tl, $zero, 100
addi $t2, S$zero, 100
J exit

label: addi $tl, $zero, 10
addi $t2, S$zero, 10

N o o s W N -

exit:

Sau khi IF (lay 1énh) beq, § chu ky tiép theo ta gidi ma beq va lay 1énh tiép theo. Cau héi la 1énh
tiép theo sau 1énh branch la 1énh nao?

e Khi $t1 = $t2, Iuc d6 diéu kién 1énh beq thdéa nén no ré nhanh dén label thi lénh tiép theo la
lénh 6 dong thu 5.

e Khi $t1 != $t2, luc dé diéu kién 1énh beq khong thdéa nén né thuc hién lénh tiép theo, khi do6
lénh tiép theo la 1énh & dong thua 2.

Hién tugng trén la control hazard. Dé gidi quyét control hazard ta c6 thé dung phuong phap chén
stall hoac tién doan két hgp cheén stall.

Ta biét buéc EXE la budéc hién thuc viéc so sanh diéu kién, sau d6 budéc MEM sé cap nhap thanh
ghi PC. D6 d6 sau budc MEM ta mdi biét chinh xac la 1énh tiép theo sau lénh branch 1a 1énh nao.
Nén ta can phai chén 3 stall (khi d6 buéc IF nim sau buéc MEM ctia 1énh branch) dé loai bé control
hazard.

Trong trudng hop c6 thém bo phan ciing dé so sanh trudce 3 thanh ghi & buée ID, va tinh toan dia
chi ré nhanh ngay lac d6, thi ta chi cAn mat 1 chu ky (1 stall) dé gidi quyét control hazard.

Ngoai ra ta c6 thé dung tién doan dé ting hiéu suat ctia chuong trinh. Tién doan 1 bit va tién doan
2 bit

3.4 Bai tap

Thoi gian delay ctia moi khoi cho nhu bang bén dudi.
I-MEM | ALU REG | D-MEM
200ps | 150ps | 200ps | 200ps

Bai 3.1. B4 qua do tré ctia khéi ADD, MUX, Control. Tinh thdoi gian chu ky ctia hé théng single cycle,
pipeline clock?

Bai 3.2. Tinh thai gian thuc thi ctia chuong trinh gom 150 line code d6i v6i single cycle va pipeline. T
d6 tinh speed up dé so sanh single cycle va pipeline (khong c6 stall)

Bai 3.3. Gia st chuong trinh khong c6 stall va thong ké dugc 1a c6 ALU 50%, Beq 25%, Iw 15%, sw10%.
Tinh speed up gitta multi cycle va pipeline.
Dung doan code sau dé tra 18i cac cau héi bén dusi

addi stl, S$zero, 100
addi s$t2, S$zero, 100
add s$t3, $tl, s$t2
1w St4, 0(sa0)

1w St5, 4($a0)

and S$Ste6, S$t4, S$t5
swW Sto6, 8(s$a0)

N o o s W N =
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Bai 3.4.

Bai 3.5.
Bai 3.6.

Bai 3.7.

3.5
Bai 3.1.

Bai 3.2.

Bai 3.3.

Bai 3.4.

N e g W N e

Bai 3.5.

Bai 3.6.

Xac dinh su phu thuoc RAW (read after write) gitta cac 1énh va thanh ghi nao gay ra su phu
thuoc do.

Chen stall dé gidi quyét hazard trén, can bao nhiéu stall?

Sap xép lai thit tu cac 1énh sao cho khi chay doan code d6 thi it stall nhat ma chuong trinh
van git tinh duang dan.

Dung ky thuat forward dé gidi quyét hazard khi d6 con bao nhiéu stall.

Pap an/goi y
Thoi gian chu ky single cycle, pipeline.

Single cycle = thoi gian thuc thi 1énh dai nhat (1énh load).
=]-Mem — Regs — ALU — D-Mem.

=200 + 200 + 150 + 200 = 750ps
Pipeline clock = max (I-Mem, Regs, ALU, D-Mem, Regs) = 200ps

Thoi gian thuc thi chuong trinh, speed up gitia single cycle va pipeline.
CPIsingleclockcycle =1

CPIpipeline =1

Timeginglecycle = 150 X 750 = 112500ps

Timepipetine = (5 + 150 — 1) x 200 = 30800ps

Speed up = 142500 = 3.65

Thoi gian thuc thi chuong trinh, speed up gitta multi cycle va pipeline
CPIyruiticycie = 50%x4 + 25%x3 + 15%x5 + 10%x4= 3.9

CPIPipeline = 1.

Time = S6 1énh x CPI x thai gian 1 chu ky.

Time]\lultiCycle = 150x3.9x200.

Timepipetine = (5 + 150 - 1)x1x200.

Speed up = 3.80.

Phu thudc dit liéu Read After Write

addi $tl, S$zero, 100
addi $t2, S$zero, 100
add s$t3, s$tl, s$t2
1w St4, 0(sa0)

1w $t5, 4(s$a0)

and S$St6, $t4, St5
sw St6, 8($al)

Lénh (3) phu thudc 1énh (2) va (1).
Lénh (6) phu thudc lénh (5) va (4).
Lénh (7) phu thudc lénh (6).

Gidi quyét data hazard bang cach chén stall

6 stall

2 stall gitra (2) va (3).

2 stall gita (5) va (6).

2 stall gitra (6) va (7).

Lac chén stall vao ddm bdo la nhiing chd can giadi ma gia tri thanh ghi (ID) phai ciing chu ky
ghi két qua (WB)

Sap xép lai 1énh.
Mot trong nhing cach sap xép lam giam stall
4) = (5) = 1) =(2)=(6) = B)—=(7)
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1w st4, 0(sa0) #4
1w St5, 4($a0) #5

1

2

3 addi $tl, S$zero, 100 #1
4+ addi $t2, S$zero, 100 #2
s add $t6, St4, St5 #6
e add S$t3, S$tl, st2 #3
7 SW Ste6, 8($a0) #7

Con lai 1 stall gitta 6 va 3
Bai 3.7. Giai quyét data hazard bang forwarding.
Con 1 stall gitta 1énh (5) va (6).
Hinh anh so sanh hé thong single cycle, multi cycle va pipeline cycle

Single clock cycle

Load Add Jum Store Branch
B [ID [ EXE[ MEM WB | IF | ID | EXE] MEM WB [ IF [ D [ EXB[ MEM WB | IF | ID | EXE] MEM WB [ IR [ ID [ EXE| MEM WB |
Multi cycle
Load Add Jump Store Branch
[IE D UEXE[UMEVIWBY| IF | ID | EXE| WB [IENIDIT] IF | ID | EXE| MEMUIEN|NIDNEXE]
Pipeline

ID | EXE| MEM WB

IF 1D EXE| MEM WB

IF ID EXE MEM WB
IF ID EXE| MEM W%
IF ID EXE| ME] WB |

e Single Clock Cycle: Mot 1énh thuc thi trong 1 chu ky. Vi du 1énh load thuc thi trong 1 chu
ky(mau xanh), 1énh store thuc thi trong 1 chu ky( mau vang). Thdi gian gitta mau xanh va vang
la bang nhau.

e Multi Clock Cycle: 1 l1énh thuc thi trong nhiéu chu ky. Vi du lénh Load thuc thi trong 5 chu
ky (5 chu ky nhé nay tuong tng véi 1 chu ky 16n bén single clock cycle), 1énh Store thuc thi
trong 4 chu ky (mau vang).

e Pipeline Lénh dau tién thuc thi 5 chu ky, cac lénh con lai sau méi chu ky hoan thanh xong
mot 1énh.

Céc yéu to anh hudéng dén hiéu suat ciia hé thong:
e D0 dai ctia chuong trinh (instruction count)
e SO chu ky trén 1 1énh (CPI)

e Thai gian ciia 1 chu ky (clock cycle time).
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4 Memory

4.1 Memory
SRAM va DRAM (xem slide)

4.2 Cache

Nguon goc Cache: do téc do phat trién ctia CPU qua nhanh so v6i Memory nén khi CPU truy xuat
Memory sé tao ra delay kha 16n, do d6 can c6 cache dé lam bo dém gitta ALU va MEM.

Cache thudong dudgc lam bang SRAM nén né truy xuat nhanh, va dung lugng nhé giup giam gia
thanh.

Bang. 4: Tdc d6 va thoi gian truy xuat ctia cac loai memory

] Type \ Size | Access time |
Registers size < 1 KB < 0.5 ns
Level 1 Cache | size 8 - 64 KB 1ns

Level 2 Cache | 512KB - 8MB 3-10mns
Main Memory 4-16GB 50 - 100 ns
Disk Storage > 200 GB 5-10 ms

Temporal Locality: (tinh cuc b6 vé thoi gian) mét bién, thuc thé dugce truy xuat thi cé thé no sé
dugc truy xuat lan nita. Thudng xuat hién trong nhiing vong lap, hay goi ham/tht tuc nhiéu lan.
bo6i v6i truy xuat theo thdi gian thi xu huéng thuong git block dé trong cache nham truy xuat lai
lan sau.

Spatial Locality: (tinh cuc b vé khong gian) 1énh/data trong viing nhé khi dugce truy xuat cé
thé cac lénh/data gan né sé dudc truy xuat. Thuong xuat hién trong khai bao mang, thuc thi tuan
tu. P6i v6i truy xuat theo khong gian thi xu huéng thudng chuin bi trudc block ké tiép.

4.2.1 Block placement

Phuong phap dat block vao cache.

Direct mapped

Mbi block dugc xac dinh mot vi tri dat duy nhat. Cho N 1a s6 set (= s6 block) trong cache. Block ID
M trong bo nhd (RAM) s€ dudc dat vao vi tri set M % N trong cache.

Fully associative

Block dugc dat vao bat ky vi tri nao con tréng trong cache.

K-way set associative

Mot set bao gom K blocks (K c¢6 dang 2%). Trong set dé c6 K su lua chon. Cho N la sb set (K block
tao thanh 1 set) trong cache, Block thit M trong bo nhé (RAM) sé dudc dat vao vi tri set M % N trong
cache.

4.2.2 Block identification

Dé xac dinh dia chi nguai ta chia dia chi ra 1am 3 phan Tag, Index, block offset.

| Tag | Index [ Block Offset |
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Direct mapped 2-way set associative Fully associative

Hinh. 2: Hinh 4nh so sanh 3 cau hinh Direct map, k-way associative, full associative. Vi k =2

Block offset

Xac dinh thanh phan trong block dudc truy xuat. Dé xac dinh block offset c6 bao nhiéu bit, ta di xac
dinh trong block dé cé bao nhiéu phan tit. Xac dinh sé phan ti bang cach lay (size of block)/(size
of don vi truy xuat).

Byte-offset Xac dinh byte trong block.

Half-word-offset Xac dinh 2 bytes trong block.

Word-offset Xac dinh word trong block.

Index
Dung dé xac dinh s6 set trong bé nhé dém.
e Direct mapped: 1 block la 1 set.
o K-way Set Associative: k block tao thanh 1 set.

e Fully Associative: toan b block thanh 1 set. Index lic nay la 0 bit - khong can xac dinh set.

Xac dinh sb block bang cach lay (size of cache)/(size of block).

Tag

Dé xac dinh block nao dang nim trong cache hoic két hop vé6i index dé xac dinh block ID trong
RAM

Tag bit = khong gian dia chi — index — bytes offset.
Trong truong hgp khong dé cap dén khong gian dia chi thi ta dung khong gian 32 bit.

4.2.3 Block replacement

Khi mot block vao ma khong con ché tréng dé dat vao thi can phai thay block cii bang block méi.
Dudi day la 1 sb giai thuat thay thé co ban.

e Trong trutng hgp direct mapped, vi mdi set chi ¢6 1 block nén khi nao cé block méi vao thi
block cii bi thay thé do d6 khéng c6 chinh sach thay thé trong truong hop nay.

e FIFO: cai nao dugc dat vao trudc thi sé dugc lay ra trude.

Ramdom

LRU: (least recently used) cai nao it dung nhét thi dugc thay thé trudc.

FILO: vao trudc ra sau.
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4.2.4 Write strategy

Chién lugc ghi ngugc lai cache, memory

Write Through
Updata ca cache va memory, can bit valid dé xac dinh block d6 c6 valid hay khong.
e Don gidan, dé hién thuc

e To6n luu lugng bang thong ctia hé théng vi phai update nhiéu.

Write Back

Chi updata cache, khi ¢6 yéu cau hay can thay thé thi sé update gia tri sau cung xubéng memory.
Can bit valid dé xac dinh block d6 c6 valid hay khong va bit modified dé xac dinh block d6 c¢6 update
chua.

e Kho hién thuc

e It ton luu lugng bang thong ctia hé thong.

4.2.5 Miss/hit

e Miss: can truy xuat ma tim khong thay trong cache. Do dé phai dua block chua dia chi can
truy xuat vao cache, va sau do truy xuat lai.

e Hit: can truy xuat va tim thay cai mudn truy xuat trong cache.
e Ngoai dit liéu, bd nhé dém con thém cac truong thong tin:

- Valid: xac dinh c6 block ton tai trong set hay khong.
— Tag: xac dinh block ID nao dang chua trong block ctia Cache.

e Miss Penalty: s6 chu ky dé xit ly cache miss.

it rat Mit_times
e Hit_rate = .
- Hit_times + Miss_times
Misstimes
o Miss_rate = =1— Hit_rate.

Hit_times + Miss_times
e I-Cache Miss Rate = Miss rate trong luc truy xuat [-MEM.
e D-Cache Miss Rate = Miss rate trong luc truy xuat D-MEM

Vi du 1: Chuong trinh c6 1000 1énh trong dé c¢6 25% la load/store. Biét Itc doc I-MEM bi miss 150,
D-MEM bi miss 50. Tim I-Cache Miss Rate, D-Cache Miss Rate.

e I[-Cache Miss Rate = sb 1an miss instruction / s6 1lan truy xuat I-MEM = 150/1000 = 15%.
e D-Cache Miss Rate = s0 lan miss data/ s6 lan truy xuat D-MEM = 50/(1000x25%) = 50/250
= 20%.
4.3 CPI
Khi cache miss thi sé gay ra stall. Dé xac dinh bao nhiéu stall, ta di tim cac théng s6 sau:
e Memory stall cycles = Combined Misses x Miss Penalty.
e Miss Penalty: s6 chu ky dé gidi quyét viéc miss.
e Combined Misses = [-Cache Misses + D-Cache Misses.

I-Cache Misses = I-Count x I-Cache Miss Rate.

D-Cache Misses = LS-Count x D-Cache Miss Rate.

LS-Count (Load & Store) = [-Count x LS Frequency.
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e Memory Stall Cycles Per Instruction = Combined Misses Per Instruction x Miss Penalty.
e Combined Misses Per Instruction = I-Cache Miss Rate + LS Frequency x D-Cache Miss Rate

e Memory Stall Cycles Per Instruction = I-Cache Miss Rate x Miss Penalty + LS Frequency x
D-Cache Miss Rate x Miss Penalty.
Trong do:

- I-count: Téng s6 lénh.
— LS-count: S6 lénh Load/Store.
- LS Frequency: Ti 1é 1énh Load/Store trong chuong trinh.

Vi du 2: Cho chuong trinh ¢6 106 1énh, trong d6 30% lénh loads/stores. D-cache miss rate la
5% va I-cache miss rate la 1%. Miss penalty 1a 100 chu ky. Tinh combined misses per instruction
and memory stall cycles.

e 1% + 30% * 5% = 0.025 combined misses. Mdi 1énh tuong dudng 25 misses trén 1000 1énh.
e Memory stall cycles = 0.025 * 100 (miss penalty) = 2.5 stalled cycles per instruction.

e Total memory stall cycles = 10° x 2.5 = 2,500, 000

e CPI Memory Stalls = CPI Perfect Cache + Mem Stalls per Instruction

Vi du 3: Cho CPI = 1.5 khi khong c6 stall, Cache miss rate la 2% ddi v6i instruction va 5% doéi véi
data. Lénh loads va stores chiém 20%. Miss penalty 1a 100 chu ky d6i véi [-cache va D-cache. Tinh
CPI ctia hé théng?

e Mem stalls cho méi 1énh = 0.02*100 + 20%*0.05*100 =3
e CPI Memory Stalls = 1.5 + 3 = 4.5 cycles

4.4 Thdi gian truy xuit bo nhé trung binh

Average Memory Access Time (AMAT).
AMAT = Hit time + Miss rate x Miss Penalty
Do d6 dé gidm thdi gian truy xuat:

e Ta gidm Hit time: bang cach dung bo nhé cache nhé (tang miss rate :D), don gian.

e Giam Miss Rate: bang cach dung bo nhd cache 16n , block size 16n (tang Hit time) va k-way set
associativity v6i k 16n.

e Gidm Miss Penalty béng cach dung cache nhiéu muc.

Vi du 4: Tim thoi gian truy xuat trung binh khi biét hit time 1 chu ky, miss penalty 20 chu ky, miss
rate 0.05 %. Biét may tinh chay véi tan sé 0.5Ghz

e AMAT (cycles) = 1 + 0.05 x 20 = 2 cycles
e 0.5 Ghz — 1 chu ky 2ns
e AMAT (time) = 2x2 = 4ns

Vi du 5: Tim thdi gian truy xuét trung binh khi biét thoi gian truy xuat cache L1 1a 1 chu ky, thoi
gian truy xuatcache L2 1a 10 chu ky, thdoi gian truy xuat bé nhé chinh 1la 100 chu ky, miss rate L1
5%, miss rate L2 10%. Biét may tinh chay véi tan s6 1Ghz.

e AMAT (cycles) = 1 + 5% x 20 + 10%x 100 = 20 cycles
e 1Ghz — 1 chu ky Ins
e AMAT (time) = 20x 1= 20 ns
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4.5 Bai tap
Bai 4.1. Cho bo nhd cache c6 dung lugng 256KB, block size 1a 4 word, moi lan truy xuat 1 byte. Xac
dinh s6 bit ctia cac trudng tag, index, block offset trong cac trudsng hgp.
e Direct mapped
e Fully associcative
e 2-Way set associcative
Bai 4.2. Cho b6 nhé chinh c6 dung lugng 1G, bo nhd cache c6 dung lugng 1MB, block size 1a 256B, moi
lan truy xuat 1 word. Xac dinh sé bit ctia cac truong tag, index, block offset trong cac truong
hop.
e Direct mapped
e Fully associcative
e 4-Way set associcative

Bai 4.3. Trong cache cé 8 blocks, mdi block 1a 4 words. Xac dinh sé 1an miss/hit khi hé thong truy xuat
vao cac dia chi (dang byte) theo thu tu sau:

0x0001_002A
0x0001_0020
0x0002_006A
0x0002_0066
0x0002_0022
0x0001_002B

[

Trong cac trudng hop:

e Direct mapped
e Fully associcative

e 2-Way set associcative

4.6 Dap an/Goiy

Byte-offset: xac dinh byte trong block.
Word-offset: xac dinh word trong block.

index: xac dinh set trong block.

Tag: xac dinh block trong cache.

Tag + index: xac dinh block trong b6 nhé chinh.
Direct mapped: moét block 1 set.

k-Way Set Associative: k block (k = 2%) mot set.
Fully associative: Tac ca block 1 set.

Bai 4.1. Xac dinh tag, index, byte-offset.
S6 phan tit trong 1 block = (size of block)/(size of phan tit truy xuat) = 4 word /1 byte = 4x4
bytes/ 1 byte = 16 = 24,
S6 block trong cache = (size of cache) / (size of block) = 256 KB / 4 words = 28 x 219/4 x4 = 214
blocks.
Khoéng gian dija chi 1a 32 bit.

e Direct mapped: byte-offset 4 bits, index = 14 bits, tag = 32 - 4 - 14 = 14 bits
e Fully associcative: byte-offset 4 bits, index = O bits, tag = 32 — 4 = 28 bits.
e 2-Ways set associative: 2 block tao thanh 1 set ma c6 2! blocks nén co6 2'? sets, byte-offset

4 bits, index = 13 bits, tag = 32 -4 - 13 = 15 bits

Bai 4.2. Xac dinh tag, index, word-offset.
S6 phan tit trong 1 block = (size of block)/(size of phan tit truy xuat) = 256B / 4 bytes = 26.
S6 block trong cache = size of cache / size of block = 1IMB / 256B = 2107210/28 = 212 blocks.
Khong gian dia chi la 1G, do d6 ta dung thanh ghi 30 bit tinh theo byte-offset.
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e Direct mapped: word-offset 6 bits, index = 12 bits, tag =30 -6 - 12 — 2 = 10 bits.

e Fully associcative: word-offset 6 bits, index = O bits, tag = 30 - 6 — 2 = 22 bits.

e 4 ways set associative: 4 block tao thanh 1 set ma c6 22 blocks nén c6 2! sets, word-offset
6 bits, index = 10 bits, tag =30 -6 - 10 - 2 = 12 bits.

Cha y: khong gian tinh theo byte thi phai chuyén vé byte-offset dé tinh: s6 bit ctia dia chi = s6
bit clia tag, index, va byte-offset.
Bai 4.3. HIT/MISS

Ta tinh dugc c6 4 bits byte-offset, 3 bits index. Do d6 ta phan tich dia chi nhu bén duéi:
Cach 1:

Direct map

] Address | Tag | Index [ Offset | Miss/Hit | Gidi thich |
0x0001002A | 0000 0000 0000 0001 0000 0000 O 010 | 1010 M | First access
0x00010020 | 0000 0000 0000 0001 0000 0000 O 010 | 0000 H
0x0002006A | 0000 0000 0000 0010 0000 0000 O 110 | 1010 M | First access
0x00020066 | 0000 0000 0000 0010 0000 0000 O 110 | 0110 H
0x00020022 | 0000 0000 0000 0010 0000 0000 O 010 | 0010 M | Khac tag
0x0001002B | 0000 0000 0000 0001 0000 0000 O 010 | 1011 M | Khac tag

Fully associative

] Address | Tag | Offset [ Miss/hit | Gidi thich |
0x0001002A | 0000 0000 0000 0001 0000 0000 0010 | 1010 M | First access
0x00010020 | 0000 0000 0000 0001 0000 0000 0010 | 0000 H
0x0002006A | 0000 0000 0000 0010 0000 0000 0110 | 1010 M | First access
0x00020066 | 0000 0000 0000 0010 0000 0000 0110 | 0110 H
0x00020022 | 0000 0000 0000 0010 0000 0000 0010 | 0010 M | First access
0x0001002B | 0000 0000 0000 0001 0000 0000 0010 | 1011 H

2 ways set associative, can 2 bit index

] Address | Tag | Index | Offset | Miss/hit | Gidi thich |
0x0001002A | 0000 0000 0000 0001 0000 0000 00 10 | 1010 M | First access
0x00010020 | 0000 0000 0000 0001 0000 0000 00 10 | 0000 H
0x0002006A | 0000 0000 0000 0010 0000 0000 01 10 | 1010 M | First access
0x00020066 | 0000 0000 0000 0010 0000 0000 01 10 | 0110 H
0x00020022 | 0000 0000 0000 0010 0000 0000 00 10 | 0010 M | Khac tag
0x0001002B | 0000 0000 0000 0001 0000 0000 00 10 | 1011 M | Khac tag

Cach 2:

e Lay dia chi chia cho kich thuéc ctia block dudc két qua (A) dung dé xac dinh block trong
RAM

e Lay két qua (A) modulo sb set dugc két qua 1a index.
e Lay két qua (A) chia sb set dugc két qua la tag

8 blocks cache — mbi block la 4 words.

Direct map 8 sets va mdi block 16 bytes.

] Address | Address/block size =A [ Tag=A / 8 | Index =A % 8 | Miss/Hit | Gidi thich |
0x0001002A 4098 512 2 M | First access
0x00010020 4098 512 2 H
0x0002006A 8198 1024 6 M | First access
0x00020066 8198 1024 6 H
0x00020022 8194 1024 2 M | Khac tag
0x0001002B 4098 512 2 M | Khac tag
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Fully associative

] Address | Address/block size = A | Tag = A | Miss/hit | Gidi thich |
0x0001002A 4098 4098 M | First access
0x00010020 4098 4098 H
0x0002006A 8198 8198 M | First access
0x00020066 8198 8198 H
0x00020022 8194 8194 M | First access
0x0001002B 4098 4098 H

2-way set associative, can 2 bit index

] Address | Address/block size=A | Tag=A / 4 [ Index=A % 4 | Miss/Hit | Giai thich
0x0001002A 4098 1024 2 M | First access
0x00010020 4098 1024 2 H
0x0002006A 8198 2049 2 M | First access
0x00020066 8198 2049 2 H
0x00020022 8194 2048 2 M | Khac tag
0x0001002B 4098 1024 2 M | Khac tag

4.7 Virtual Memory

Xem sach
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