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1x4 +0x2 + 1x1 =5

'tk Xy

X|] A'0O—a
A"3" u'  AO—4 Buaa @ MAB
329 22 21 920
VA N
102 10! 109 o 0 01 0
O 0 1 1
3x100 + 2x10 + 9x1 = 329 0 1 o0 2
o 1 1 3
MOSE s o IeaSt 1 0 0 4
S N
significant 101 significant 1 0 A1 5
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22 21 20 1 1 0 6
1 1 1 7
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An n-bit unsigned integer

represents 2" values:

from O to 2"-1
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T M7Av » —i ESign and Magnitude
Waenbit "y 2"t Vv
A wN v | (1~ (2n1-1))
WA v | ((- (2™*-1)) ~ (-1))
A YHHevV' 0

00101 =5
G A - By 1q ST W
10101 =-5
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A (sign-magnitude) . H

A0 w e 00101 (5) 01001 (9)
l + 11011 (-5) +10111 (-9)
A Av - s b 00000 (0) 00000 (0)
A i T SB b
2 Ty i
A 6 «a X G i 1 (X X+(-X)=0i T v BB
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No

Aa w L Ne 2 -
A2 v Py

o b

21=05
22=0.25

" F 23=0.125

00101000.101 (40.625)

+ 11111110.110  (-1.25)
00100111.011 (39.375)

NoO new operations -- same as integer arithmetic.

wudf wl
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Ao

2u o Nv Ao [ A EFloating -point

Large values: 6.023 x 10 23 -- requires 79 bits
Small values: 6.626 x 10 -34 -- requires >110 bits

a, ' Fx2E
Ne F (fraction), E (exponent), and
IEEE 754 %0(32- bits):
1<b < 8b o< 23b

S| Exponent | Fraction
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qr we

~ B S(sign).

N =-1° 3 1 fraction 3 2&Ponent-127 1 ¢ exponent ¢ 254

N =- 1> 3 0.fraction 3 2°1°, exponent =0
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As z2ue NvAc [ A EFloating -point

Single -precision IEEE floating point number:

10111111010000000000000000000000
1 T

A Sign is 1 qnumber is negative.
A Exponent field is 01111110 = 126 (decimal).
Aludfwlrgq |v 31433333333333a @ 318 +g|l

Value = -1.5x2126-127) = _1 5x 2-1 = -0.75.
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B—#ETRIEEEN AF(m,r), mAOutput Size, rAFilter Size, MAABENKEAIM +r — 1, HEHIZE
%iﬂ“ﬁiﬂﬁﬁ*ﬁﬁﬁﬁ%ﬂﬁﬂ!l ﬁi)\fﬁh'%ﬁ"l\ﬁiﬁgwgﬁ'—iﬂ'ﬁﬁﬁl, U SR EHERLSENGEEKENRER, iI28

w(F(m,r)) =m+r—1

FE175 Lo BT —4ERizE, OEa_"HER, iEAF(m X n,r x s), @HAmM x n, ERZAr x s, i
ANsEAm+r—1)(n+s—1), FTEHE=LH

W(F(m x n,7 x 8)) = p(F(m, 7)u(F(n, )
=(m+r—1)(n+s—1)

aeEERBNBEOLNITESIR, —@#iNEEmM X rikfkiE, THNFEM X n X r X siRFix, mBAFLEIT
HRRDFERE .

fEAWinograd EiA T ESIMRIEPE? — SRS : | RERLTRENEE] ERELERVEN +r — 1
(m+r—1)(n+s—1),
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2D Winograd

A minimal 1D algorithm F(m, r)nssted with
itself to obtain a minimal 2D algorithnmOm, rOr).

Ao’ EAl YA~ wyv v Nd

Y =A"[(Gg)® (B"d)]

I Y = A" [[GgG"] ® [B"dB]] A
BT — 0 1 1 0
0 -1 1 0 gAr x r Filter, dA(m+r—1) x (m+r —1)
L 3 0 -1}
10 0 »
G-1% % 2 -~ o 3 K, | ks | ke | ks
1 11 ki k| ky K ke ko Kk W
5 —3 3 Ko ki ko| ki ks Kks| ks ko Ky w:) o ke | Ko | koo | &
L0 0 1] ki ko ka| ks ks k| kg kyg kﬂ_ Wy fo Kiz | Kia | Kia | Kis
AT - L L 1 0 ke ks ks| ks ko Kig| Kiz Kig kyg KS — L
g s ¢ 5 - 2 Input image
\_ ks ks Ky | Ko kio Kkit]| kiz Kkig k15/ Ws r
_[ ]T < M M > Wsl 4i. Wo | Wq | Wp
g g0 G 92 i 4x9 W, 4x1 Wy | Wy | Ws
Q Q mQ pQ CQ o Vs o We | W7 | Wg

Oys K Ay Ox1 Filter
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Ao’ EAl NA~ We " Nd  £Do=k,ki, ks, k|7, BEOFMEOFTTTE, D1 Dy DaRmEl. 2. 317 Wo = [wo, wr, ws]T,

To
F00 343 T r1 _[Rol_[K0W0+K1W1+K2W2
e T [ ldiclii ) Ri| KWy + KoWi + KW,
Ko ki ko | kg 5keag1Tw1 Ke | Ko | Kyo [ Kiq rs
ki Ky k3| ks ks ki | kg Ky Ky & fo Kiz | Kia | Kis | K5 - =
— kslka < km[km . kMJ B =|: LI - [ AT [(GWy) © (BTDy)| + AT [(GW1) ® (BTDy)] + AT [(GW,) © (BTDy)]
I b 4k1; it LY. o | W | w T[(6Wo) @ (B"Dy)| + AT [(GW1) © (B"Dy)| + AT [(GW2) @ (B"D;)]
X w, 4x1 W3 | Wy | Ws
> T [[G[Wo W1 Wa]GT| ® [BT[do di d» d3]B]] A
= A" [[GgG"| ® [B"dB]| A
F(2x2,3x3) o
K, Kk | |Wo R, K, K, K, Wi R, M,-M,-M
2
Wl R
B / ' Matrix multiply F(2,3)! 4 multlphcatlons
Wy+W,+W
M, = (K, - K3 - W, M,= (K, +K,- : 2l 2
W,—-W,+W
M;=(K,—K3) W, M, = (K,— K) — 1 2
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A CORDICH h¥ 'YH » v’

X2

Yo T~

Y1t

2 - CORDIC* (

X4C0860 —y,sin®

= X4sin® + y,cos0O

3 NIy 3 »
& ) A A}
?,5 z) - 5 J" fé}

I50% PEKING UNIVERSITY

Xo| _ |cosO —sind| | X
Yo sin® cos6| |y,
X, = X1C0S80 —y,sin6 = cosB(x,—y,tanod)

Y, = X48Iin0 +y,cos0 = cosO(y, +x,tan0)

;fz - M(«‘ﬁ—yﬂane) = X, —y,tan®
y, = cpsO(y, + x,tand) = y, + x,tan®

(o)
[a)

>~ OHI X0 Xcos— @ hscalet [ C
‘H o pseudo rotationsf
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X, = X4C0S0—y,sind

Y, = X48in6+y,cos6

Yo =7~

Y1t

0ys ' Nk Xy

2 - CORDIC* (

v

NPT
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A
| ° € pseudo rotations(
Xy = o80(Xx4—y,tan0d) = x; — y,tano
Y, = cpsh(y, +x,tan0®) = y, +x,tan0
} Pseudo-Rotation
(X2, ¥2)
//Jaé vz
. 2 4 2
R — R _ NXi + Y3 Rotaton 2\ (x. )
cosf cos0 YL R
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ACORDICH myv 'YH» v 1 O W

| °~ € pseudo rotations(

Xy = €980(x, -y tan0) = x, —y,tanod
y, = cosO(y, + x,tan@) = y, + x,tan®
4 Pseudo-Rotation
(X2, ¥2)
/’—w’é 2y
!;‘, — R — r\,"x12+y12 Rotation T (X1, Y1)
cosf cosf ) R
R = /x5+yz =
Vys * JJKAY

< ) »
NEFER

PEKING UNIVERSITY

v~ o i i

O y tano =2

- —I

Xy = X4—yqtan0d = x;—y,2

~ —1

Yo = Y4t Xx4tanb = y; +x,2
i Uf (Degrees) tan[]j = 2_";
0 45.0 1
1 26.555051177... 0.5
2 14.036243467.... 0.25
3 7.125016348... 0.125
4 3.576334374... 0.0625
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ACORDICH my¥ 'YH» v O

1st iteration: rotate by 45°;

v

~

A

2nd iteration: rotate by 26.6°:

i tand Angle, 8 cosf
1 1 45.0000000000 0.707106781
2 0.5 26.59650511771 0.894427191
3 0.25 14.0362434679 0.9701425
4 0.125 7.1250163489 0.992277877
5 0.0625 3.5763343750 0.998052578
6 0.03125 1.7899106082 0.999512076
7 0.015625 0.8951737102 0.999877952
8 0.0078125 0.4476141709 0.999969484
9 0.00390625 0.2238105004 0.999992371
10 0.001953125 0.1119056771 0.999998093
11 0.000976563 0.0559528919 0.999999523
12 0.000488281 0.0279764526 0.999999881
13 0.000244141 0.0139882271 0.99999997

cos 45 x cos 26.5 x cos 14.03 x cos 7.125 ... x cos 0.0139 =

0ys ' Nk Xy

3rd iteration: rotate by 14°

13K~ o
1/0.607252941 =
1.6467602

0.607252941

s Y
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ACORDICH my¥ 'YH» Vv 0 M = A

y L _ x“)—d.(z i i)y

X, = X1—Yytano = x, - y,2
, i ’ (i+1) _ i (r)
Yo = Yq+X,tan® = y, +x,2" y = +d(2 )

i+

~d.6®  (Angle Accumulator)
where df- = +/- 1

The symbol Q Is a
decision operator and Is

. . 2 shifts
used to decide which |
direction to rotate. 1 table lookup (9“} values)
3 additions

0ys * JJk Xy
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ACORDICH my¥ 'YH» Vv 0 M = A

XD = O _ g 27y,
(i+1)

Scaling Factor

(i) —i_ (i)
=y ' +d(2 x) | |
| K, = []1/(cos0®) = []/1+20%)

where d; = +/- 1 » K = HU{EDSHU}) _ H(“h +tan29”}j - l—[(«h +2(—2f}j
n

n n
2 shifts K, — 16476 as n - «

1/K, — 0.6073 as n— =

1 table lookup (E)”]i values)

» n = number of iterations
3 additions

0ys ' JJk Xy
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Initial z

2 shifts

- A
z
X(H” _ X“) B d(2 ~ (f)) e E |_.- x Register
(+1) _ _|_ d(2 I U)) ! lteration Counter |

| | Initialy TD_. y Register

2/ = 29 _ge) i

where d; = +/- 1 ‘ I
f L’E I - z Register

!

Mux Control

1 table lookup (9“} values)

d; Control

N Scaling Factor e .
3 additions

K, = H1/(cose”)) = [T/ + 20720y

0ys ' Nk Xy
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I I v U ISA (instruction set architecture)
V| | A well -defined hardware/software interface
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AAY ol Dy

AAY Qr1 17 MQuiéeqw i | e
AAdYa! @ me'd O

A YKyt KyHoY

9EI YLX S transB-A S @868 |ifimem[ pc] ==d asdrd 1 d,
description of an instruction then
pc U pc+l
AA binary encoding gprird}= gprirs]+ grpirt]
LVDv odvw 58. | hduv +ehfdxvh ri Vz

>eh fduhixo zkdw jJrhv |qg
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ARSICy CISCb 1 b

ApLurgb odz=
A (instructions/program ) * (cycles/instruction ) * (seconds/cycle )
A CISC (Complex Instruction Set Computing) AB X86 wv i I
AT ¢  OBIYrhwp~ bl gvwuxfwlrg2surjudpb
AM T AYaeBi ™ n
A RISC (Reduced Instruction Set Computing) AB MIPS/ARM/RISC -V
A ADv QY @Wpof|fohv2l gvwuxf wlrqgb
AWt ™ plgvwuxf wlrq2gdhYjjudpb
AAd H M%BW' Ez
AOHhopH v Q vy
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A Programmability

Al @ whk ™ o8 Y Z
A Implementability
Atz  of@ ThN
AHI &
A v o6&
A HA

A Compatibility
Ap A mY 2" A ThH 11T 23Y AY&m T1T' hROG
A x86 (I1A32) generations: 8086, 286, 386, 486, Pentium, Pentium  -Il, Pentum-LLL/ Shqwl xp 7
AMIPS RISGV DUPa&
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M guiMevd &> THAD

* Demo of assembler
— S g++-0g -c -Sfilel.cpp
* Demo of hexdump
— S g++-0Og -c filel.cpp
— S hexdump -C filel.o0 | more
* Demo of
objdump/disassembler
— S g++-0g -c filel.cpp
— S objdump -d filel.o

Duv GV

{

else

}

void abs(int x, int* res)

if(x < @)
*res = -x;

*res = x;

Original Code

a: 85 ff
79 @5
7 df
89 3e
c3

89 3e
c3

L= gT=T+ - T T - ]

test
jns
neg
mov
retq
mov
retq

Disassembly of section .text:

0000020000000000 <_Z3absiPi>:

%edi,%edi

9 «<_Z3absiPi+@x9>
*edi

%edi, (%rsi)

%edi, (%rsi)

Compiler Output
(Machine code & Assembly)
Notice how each instruction is
turned into binary (shown in hex)

NI
GUNI
& A
S A

‘—
I3598

ez XY
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Al + "E @i a2 sN130EYmn
A Fetchx x e Uv A nm. “Ymp
A Decode ¥ A “Yrh

A %"YmnT ADDI SUBAT TH6
A Executex "E  "Ym

AVeA YT 053

0ys ' Nk Xy

MR 'Yphe Q
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Add the
specified values

9 It’'s an ADD

Processor
Arithmetic
Circuitry
Decode
Circuitry
F'
Fetch
Instruction <

T~ System Bus

ADD

SuB

CMP

Memory
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Al me A 313 84 &
A ALUe \ DF
Al éw
Ai >
A " O4 € bus? e Yn s /O |

Control ,
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AALUGT M "~ v —-i Te goeUT H v Nn4

AE 17 \ M (AND,OR,etc.)\  "HA @IQE >

Addr

Data
0x05

Control
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€41 EN. ~ vl b

A Register

A & Uw pH

Processor
pcip| |

LU —
out| ADD, [jpq  |[2X01Z
<+« SUB, 0x0456

AND, |e=—

OR in2
RO-Rn-1

(I)'I'—i

mALU N1 'Qn En

W%l n# ¢
Al éerplnvyg weé-

T 1o Regqister

ALUY 1 "H

6 @i He Uy

0ys ' Nk Xy

‘| Memory

Addr 0
1

2

Data 3
4

5

Control 6

ii: ez XY

PEKING UNIVERSITY

A 1Y, @ 1] e+ 7572
A Y TbA
AAY /A A Pl évw Aw
VEOH (=
H 4 ¢
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€41EN. vl " ®i-i T1lo Register

v

ARegister " Enz w” n# AQu Memory
ANl ér 'H \ F=(X+Y)-(X*Y):
A ADD! MULI SUB P "Ym
Anl éw
A ADDxxeéeUdrt XYyt éy vJd* &g
AMULYWKkéeQr T Xyt éd yvJd' eqgw

A SuBxt ADD> MULGE VJ" 1 é4d VvJ' &y

A H9K é
Processor Memor
pcnp| | R y
Addr 0
op.
P- | .
ALU — ,
out| ADD, in1 < >
<«— SUB, Data 3
AND, |[e=— 4
OR in2
< > 5
Control 6

Oys ' NNk Xy

ANEZEE
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eo“"'”eq) »

5 2\ at A J’ »97

E: 5=
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ARegister * Enz W n# A'Qv Memory

AY

AEr | érn H \ F=(X+Y)-(X*Y):
Axédrr XsY | &% RO R1
A ADDY \ RO+R1Xé 4" R2
A MULY YV RO*R1Xé Y  R3
A SUBx 1V R2-R3Xé 4" R4
A &YR4 & gw

A3k &

0ys * kXY =e8e



€4EN, vl " &di-i
ARegister D "Hy~ E Zo-

T 1o Register

AL T
{ios PEKING UNIVERSITY
- ¥
j L T v PCI/P

A E nuw* RT63U
AbY 2z Q¢ /I'Y,'Y € PC/IPZ | &+
Aia "~ I nrp WBE “Ymme o xé Y-

APC/Pl év 397

n Y
A

n "Yryosig X

Addr

Data

Control

0ys * Jk XY
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~ ird

Mcih " v ol |

eo“"'”eq) »

5 2\ at A J’ »97

E: 5=
>’ PEKING UNIVERSITY

AT ThKMemory A°- A g ALU 5 NaH 31 7 oy t 0 Ncb B
A5 0x02017T R2=R0+R1 A ADD"Yry©&i *
Al Nhi
A nol énwegRO> RIC
Ao ALUY T |

A n’~ %l é+r e R2)

Addr

0201

Data

Control

0ys * kXY R



T b A"y~

AA"OH mvE ¥ n register

0ys

W E memory &1 ]

A0 "HA' Qe Up @i s Ay J 7
Al é+ 6 (eg. %rax)

A3éa®be eg. 0x0200e8)

A~ %'HA Qe Up

Proc.

Reg.

ATLU

v

Al éw
AélQn e+ Tgx“Yh

kXY

\

400
401

Mem.

Inst.

Inst.

Data
Data

éx"‘”% »
NI E®

PEKING UNIVERSITY
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MIPS

ARM

RISGV

CUDA

0ys * JJk Xy

CISC
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RISC

RISC

RISC

Intel AMD
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RISGV9 h
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| T Az T 6
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6ys ' kX

ANEZEE

a ¢ b Thy
i™M NIiMO T ™AN4AT

AQQe & mov'Yml

Apl nv=é64rne e "QQect1 load/ 3 é savew

ATa AHAQo TInngi érnejipbAélUrnpygle e QQ

A “Yrh9 AT “Yh vy 2z ne movbi movwi movlt movgZ
AN D f ALU'HA

ATa AHAQo T nwu i é-w

A Yo “Yh 2 n = "HA € addlt orqt andbt subwl
Al " 'Yy

Anr 1/601 1 e cmpgt jmp1t jet jnet jlt jgecd
ADeaeY 1 e call retl
AV 1 "Ym
AET OSd THo > b T At @'Yrpe eg. intto access certain OS

capabilities, etc.)
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H 1 ™ oX86 "

vy Y CISCi ™

NETES

PEKING UNIVERSITY

Al Th wWHpPpe W Dav~T1TM B
. _______Opead _________________
Instru.c ton Opcode : ModR/M SIB Displacement Immediate :
Prefixes | | _______1_____ _ | __ " _____|__ ______ -
Prefixes 1.20r 1 by.te(lf 1 by.te(lf ' Address Immediate data
1 byte each 3byti/1‘equ1red) required) displacement
7 65 32 0 7 6 5 32 0
Mod | Reg/Opcode R/M Scale Index Base

0ys ' Nk Xy

<45 >



€

§X%X%2nNQ

erg’?’Q
“Yh ©y 2 n e mov[bwlq]Z

(Assume start address = A)

A Dsxz 1
Processor Register
63 7 0
Byte
movb leaves upper bits unaffected
63 15 0

63

movw leaves upper bits unaffected

31 0

0000 0000

Double Word

63

movl zeros the upper bits

Quad Word

movb

movw

mov 1l

mov(q

Memory / RAM

7654

3210

fedc

ba9sg

7654

3210

fedc

ba98

7654

3210

fedc

bag9s

7654

3210

fedc

ba9s

A+4

A+4

A+4

A+4

CUNITIY »
& @ N
S IIEY

PEKING UNIVERSITY

Byte operations only
access the 1-byte at the
specified address

Word operations access
the 2-bytes starting at the
specified address

Word operations access
the 4-bytes starting at the
specified address

Word operations access
the 8-bytes starting at the
specified address

<46 >



X64/1 16A 64bit] éw 1 | &4 @WHE | @ NAwW32-1 16-1 8- %= |

M1T €

{ Moi Myy4a

aD3 v yry4aEmXt ey X868 MIPSFR A

| HC©® Eb i

8-byte register | Bytes 0-3 Bytes 0-1 Byte0
wrax *eax %ax #al
%rex ecx Hex #cl
%rdx Hedx Hdx #dl
%rbx %ebx %bx %bl
#rsi %esi #si %sil
%rdi %edi #di %dil
%rsp %esp #sp %spl
%rbp *ebp #%bp %bpl
%r8 %r8d %r8w %r8b
%ra %rod row %rab
%rle %riad %rlew %rieb
%ril %rlld #rllw %rllb
%rlz %ri2d %rl2w #rizb
%ril3 %ri3d %rl3w %ri3b
%rld %rildd %rldw %rldb
%rils %ri15d %r15w %risb

0ys ' Nk Xy

ez XY

PEKING UNIVERSITY

NI
GUNI
S a
I508

Name Form Example Description
Immediate $imm movl $-500,%rax R[rax] = imm.

Register r, movl %rdx,%rax R[rax] = R[rdx]

Direct imm movl 2000,%rax R[rax] = M[2000]
Addressing

Indirect (r,) movl (%rdx),%rax Rlrax] = M[R]r,]]
Addressing

Base w/ imm(r,) movl 40(%rdx),%rax R[rax] = M[R[rb]+40]

Displacement

Scaled Index

(rpsrysst)

movl (%rdx,%rcx,4),%rax

Rlrax] = M[R[r,]+R[r]"s]

Scaled Index w/
Displacement

imm(ry,r,st)

movl 88 (%rdx,%rcx,2),%rax

R[rax] = M[80 + R[r,]+R[r]"s]

tKnown as the scale factor and can be {1,2,4, or 8}
Imm = Constant, R[x] = Content of register x, M[addr] = Content of memory @ addr.
Purple values = effective address (EA) = Actual address used to get the operand >



ATHLEg" JKI BRI A

Both operands in this
example are using

Register Mode
Processor r,
Intruc movq ::_%r'ax;:': %rdx:
63 31 15 0

rax IEEIE? 0006 1234 SE?SI

rbx 0000 0000 EBBBB 0200

rcx 0000 HBBEBBB 0002

Initial val. f %rdx = FFFf FFFF FFFF FFFF
rdx | ©000 0000 1234 5678

Memory / RAM
cc55 aa33 | Ox00208
7654 3210 | 6x00204
fedc ba98 | 6x00200

NI
GUNI
& 2
S A
8 -
I508

ez XY

PEKING UNIVERSITY
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iMmv, M1i€e i

v

To
—
I.

A" Mq' q

Intruc

rax
rbx

rcx

Initial val. of %rdx =

rdx

[ho Immediate Mode

nAl ROl A

mAs wwH i Hy 13

Source is immediate
mode, Destination is
register mode

Processor r—v r

-------

63 31 15 0

0800 0000 51234 5678

0800 0000 ;BE’-‘B@ 0200

0800 0000 0000 0002

FEFE FREFIFFEF FEFF

FEFF FFFf FFFF 0005

oo

Memory / RAM
cc55 aa33 | Ox00288
7654 3210 | 9x00204
fedc ba98 | 6x00200

)
> ~
{893

y) d¢ 7 K

PEKING UNIVERSITY
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AT Ho, 0l AUnHA"EYHr vy W

Ay yHmyizy ~ 6a

Intruc

rax

rbx

rcx

Initial val. of %rdx =

rdx

i © M 1i+<€ 1 Mo Direct Addressing Mode

Source is using Direct
Addressing mode

Processor K’

-----
......

Memory / RAM

63 ... ;L

.......................... > CCE' aa3s PxPp288

0o 000 1234 5678

7654 3210 | 0x00204

0000 00O 6bB6 0200

fedt ba98 | oxe0200

0000 0060 VB0 002

FEEE FEFF FFFF FFFF

FFFf FFEF FFFF FF55

NI
GUNI
& 2
S A
8 -
I508

ez XY

PEKING UNIVERSITY
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| M v M1i€ 1 o Indirect Addressing Mode NEF T
v {303 PEKING UNIVERSITY
Al HEVpJKRO, 01 AnEY A T Qv
1 E:"Y
Ag™HM = O My“+ 4
Source is using Indirect
Addressing mode
PI‘DCESSDI‘K-D
Intruc mov 1 g%r'bx)‘j s%edx Memory / RAM
e
63 31 15 0 cc55 aa33 | 9x00208
rax 0000 0000:1234 5678 7654 3210 | O0x00204
h
rbx EA- 0000 0000 0000 0200 frrsherssesss greseespeep) fedc bad8 | 0x00200
rcx 00RO 0PGG 000 0002
Initial val. of %rdx = ff+f ffff f£FFf FFFf :
rdx 0000 0000 fedc ba98 |[Ers-ssrrsrrssrrscssssssscsssssrasess

<5hl>



i
Addressing Mode

M1T €

A v d(%reg) YT Hy v

AAL Eﬁe kW gwyvPu1Ql FRH 0|
AMT Qry
Source is using Base with
Processor K.. Displacement Addressing mode
Intruc movw * "E'l‘(%r'b;)'_, %dx
% (1r gl
63 31 15 0
= anf + 8 ------:
rbx 0000 000 VO 0200 P —
EA= 0600 ©208
rcx 00600 0000 0O 002

Initial val. of %rdx = ffff ffff ffff £

rdx

[ho Base/lndirect with Displacement

N e 7 S P

PEKING UNIVERSITY

)
> ~
{893

Memory / RAM

v

cc55 aa33 | 9x0e208
)

7654 3210 | 0x00204

0x80208

fedc baos

.F.F.F.F .F.F.F.F -F-F-F-F aa33 4........................----'..........................:.

<52>



i

M17€ 1 o Basel/lndirect with Displacement
Addressing Mode

A K W

Base/Indirect with Displacement Addressing H ' A&
* Useful for access members of a struct or object
struct mystruct { rbx
?”: X; (1) eoce 0oee 000 6200 Memory / RAM
}.m ’ (3 o000 00o0:ooce 0208
struct mystruct data[3]; (:) 0000 agggéa@@a 9210 datal2].y | eeee eee2 | oxee214
S ¥ data[2].x | @80@ ©e01 | ex00210
}n main() +eeea 8262 datal1].y | 0000 0062 | exoe20cC
for(i=0; i<3; i++){ (@ EA- oooe 0204 data[1].x | @000 @001 | 0x008208
g:ig%ﬂ; : ; : data[0].y | ©@@e 0002 | 0x00204
} data[0].x | @800 90Ol | Ox00200
} C Code o /
movq  $0x8200,%rbx
Loop 3 times {
@O@@ mov1 $1, (%rbx)
@ movl $2, 4(%rbx)
ddg $8, %rb
Assembly } T L X

éx"‘”% »
NI E®

PEKING UNIVERSITY
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iMm ", M1i<€ 1 o Scaled Index Addressing Mode NEEEE

PEKING UNIVERSITY

Ay v —& o Form: (%regl,%reg2,s) [s =1, 2, 4, or §]

A v %regl+%reg2*s | FGH 01 AnEYEAYT Q1 v

Source is using Scaled Index
Processor r. Addressing mode

--------------------- - Memory / RAM
Intruc movln:f.ﬂ_érbx,%rcx,tl_);: %edx deeennsasasnenn, y
' : v
63 31 15 0 : cc55 aa33 | 0x00208
rax 0000 0000:1234 5678 0000 0200 7654:3210 | 0x00204
v : :
s> 10000 0008 | : fedc:ba98 | 0x00200
rbx 0000 0000 0000 0200 : :
: EA= 0000 02087 :
rcx 0000 0000 0000 0002 --
nitial val. of %rdx = ffff ffff ffff ffff :
r\dx 6@69 eeee cc55 aa33 4 .................................................. .

6ys * NkXy <04



M 1i€ 1 o Scaled Index Addressing Mode

Scaled Index Addressing Mode H ' A

* Useful for accessing array elements

rbx

int data[6];

0000 0000 0000 0200 | . y

int main()
{
for(int i=0; i<6; i++){
data[i] = i;
// *(startAddr+4*i) = i;
}
; C Code

Array of:

* chars/bytes => Use s=1

* shorts/words => Use s=2
ints/floats/dwords => Use s=4

(1) | o000 0000 0000 0000

(2 odeo 0000:0000 0001
(3) ©900 0000:0000 0002

v
0000 0200

@ > 4 O iees )
EA= 0000 0200

(:> 0000 0200
+ 4
EA= 0000 0204

data[5]
data[4]
data[3]
datal[?]
data[1]
ek data[0]

* long longs/doubles/qwords => Use S=8J

movq $0x0200, %rbx
mov1 $0, %rcx
Loop 6 times {

movl %rcx, (%rbx,%rcx,4)

addl $1, %rcx
}

Memory / RAM

0000 0005 | Ox00214
0000 0004 | Ox00210
0000 0003 | OxPB20cC
0000 0002 | Ox00208
0006 0001 | Ox00204
0000 0000 | Ox00200
Assembly

YAz H ¥

PEKING UNIVERSITY

<55>



| M v M1i€ [ho Scaled Index w/ Displacement ‘-’—at‘ 3.
AddreSS|ng MOde &/ PEKING[}NIVERSITY
A R Scalev Displacement o vy = d(%regl,%reg2,s) [s=1, 2, 4, or §]
A v d+%regl+%reg2*s | FRH 01 AnEV AT Q71 \
Source is using Scaled Index w/
Processor r. Displacement Addressing mode
"""""""""""""" Memory / RAM
Intruc movb? .B.Q-é_r‘bx %r‘cg(___é_l 5 %dl |,
v
63 ?1 15 0 cc55 aa33 | 0x00208
rax 0000 0000:1234 5678 0600 0200 7654 3210 | 0x00204
A 4 3 = .
rbx 0000 0000 0000 0200  fawss §"'E':_+eeee ooog | | | fedc bass | 0x00200
i 0000 020b :
rcx 0000 0000 0000 0002  (»(D)
Initial val. of %rdx = ffff £fff FFFf FFFF
de .F.F.F.F .F.F.F.F .F-F.F-F 'F'FCC g esssnnnnananannananannnnannnnfnannnnnnnnnns
<56 >



i ™ v M1i€ 1 o Addressing Mode' A
At

Z AH Ar v Addressing Mode suW\ &

Processor Registers

0000 000D VO 0200

0000 0000 0000 0003

— movqg (%rbx), %rax

— movl -4(%rbx), %eax

— movb (%rbx,%rcx), %al

— movw (%rbx,%rcx,2), %ax

— movsbl -16(%rbx,%rcx,4), %eax

— movw %CX, 0xed(%rbx,%rcx,2)

rbx

rcx

Memory / RAM

cdef 89ab

7654 3210

foed face

dead beef

cdef 89ab 7654 3210

0000 0P foed face

0000 0oL feed fa7e

0000 00 foed cdef

0000 QoL ffff ffce

0000 0000

0003 0000

NEF T

PEKING UNIVERSITY

0x00204
0x00200
0x001fc
0x001f8

rax
rax
rax
rax
rax

0x002e8
0x002e4

<57>



Trb 1

M 21T

A,

v ALU'Yg & H

N1 ™

NYT
C operator Assembly Notes
+ add[b,w,1,q] srcl,src2/dst src2/dst += srcl
sub[b,w,1,q] srcl,src2/dst src2/dst -= srcl
& and[b,w,1,g] srcil,src2/dst src2/dst &= srcl
| or[b,w,1,q] srcl,src2/dst src2/dst |= srcl
A xor[b,w,1,q] srcil,src2/dst src2/dst ~= srcl
~ not[b,w,1,q] src/dst src/dst = ~src/dst
neg[b,w,1,q] src/dst src/dst = (~src/dst) + 1
++ inc[b,w,1,q] src/dst src/dst += 1
- dec[b,w,1,q] src/dst src/dst -= 1
* (signed) imul[b,w,1,q] srcl,src2/dst src2/dst *= srcl
<< (signed) sal cnt, src/dst src/dst = src/dst << cnt
<< (unsigned) shl cnt, src/dst src/dst = src/dst << cnt
>> (signed) sar cnt, src/dst src/dst = src/dst »> cnt
>> (unsigned) shrcnt, src/dst src/dst = src/dst >> cnt

==, {' }’ {:_ }:' !:
(src2 ? srcl)

cmp[b,w,1,q] srcl, src2
test[b,w,1,q] srcl, src2

cmp performs: src2 —src
test performs: src1 & src2

NI
GONIN

S a
I508

ez XY

PEKING UNIVERSITY
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imv, M27 NI b NP TS

A, v ALUYg & H NY T

Memory / RAM
7654 3210
- _ fof ff
Initial Conditions =
Ry~ 1TAODL Y S NG Y | Processor Registers | FFFf FFFf 1234 5678 |
} 1HAOOLY U U | 0e00 0000 CcC33 aass |
A obkO!l A T / (X E )’7 B — addl $0x12300, %eax | 0000 0000 cc34 cdss |
— addq %rdx, %rax | £FFF FFFF de69 23cd |
* Format mmmmmmmmmmmmm s
------------- 1 Work from right->left->right | — andw axze@, %ax |'F‘F'F'F ffff de69 2399|
— add[b,w,1, q]Lsr'cz, sr'cl/dst‘ --------------- . | |
------------ — FFEf FFFF de69 230F
— Example 1: addq %rbx, %rax (%rax += %rbx) orb ©x2@3, %al -
0,

— Example 2: subq %rbx, %rax (%rax -= %rbx) — subw $14, %ax (7% 777 s 7|
— addl $0x12345, 0x204 7655 5555

efef ffoe

PEKING UNIVERSITY

0x00204
©x00200

rdx

rax
rax
rax
rax
rax
rax

8x00204
8x00200

<59 >



~
€

M v, M2i

NT ™y R€

s

T & kHIY

NTi ToH * A&

// data = %edi f1:
// val = %esi
// 1 = %edx mov1l (%esi), %eax
int fi1(int data[], int* val, int i) addl (%edi,%edx,4), %eax
{
int sum = *val;
sum += data[i];
return sum; ret
}
Original Code Compiler Output
struct Data { f1:
char c;
int d; addb $1, (%edi)
}s subl %esi, 4(%edi)
// ptr = %edi
// x = %esi ret

int fi(struct Data* ptr, int x)
{

ptr->c++;
ptr->d -= x;

}

Original Code

Compiler Output

NI
GONIN

S a
I508

ez XY

PEKING UNIVERSITY
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If(condition 0)
XXXXX
XXXXX
XXXXX
XXXXX

else
XXXXX
XXXXX

0ys ' Nk Xy

if case H B rpz for while &, B~

Nhpaod® "H dvugk g?

while(condition 1)
XXXXX
XXXXX
XXXXX
XXXXX

Address Instruction
004937F7 MOV EAX, 200
004937FC MOV EDX, 50

00493801 ADD EAX,67F0
00493806 MOV ECX,490AB3
0049380B JMP 00497000

;Pretend there is a lot of code inbetween here.

00497000 DEC EDX

Sy »
NIELE TR

PEKING UNIVERSITY

Jump to address 497000

00497001 MOV DWORD [49E6CC],EDX llﬁencmtmuethecod&

00497007 MOV EAX,EDX

<61l>
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H i M o RISC-V
ARgd |fe YR Dbeilh MV
31:25 24:20 19:15 14:12 11:7 6:0
funct7 rs2 | rs1 |funct3 | rd op | R-Type
immy o rs1 |funct3| rd op |I-Type
iImm; 15 rs2 | rs1 |funct3 | immy | op | S-Type
iIMMy2 105 rs2 | rs1 |funct3 immsy 4| op | B-Type
iMM3 412 rd op | U-Type
IMM20,101.11,19:12 rd op J -Type
fs3 |funct2| fs2 | fs1 |funct3 | fd op | R4-Type
5bits  2bits 5bits 5bits 3bits 5 bits 7 bits

Figure B.1 RISC-V 32-bit instruction formats

vy Y RISCI

imm:
uimm:
upimm:
Address:

[Address]:

BTA:

JTA:
label:
SignExt:
ZerokExt:
csr:

i »
TR )
e 7 K

PEKING UNIVERSITY

signed immediate in immy

5-bit unsigned immediate in immy,,

20 upper bits of a 32-bit immediate, in imms;.;,
memory address: rs1 + SignExt(imm; ;)

data at memory location Address

branch target address: PC + SignExt({imm,.;, 1'b0})
jump target address: PC + SignExt({imms.1, 1'b0})
text indicating instruction address

value sign-extended to 32 bits

value zero-extended to 32 bits

control and status register

< 63>



H 1 Th o MIPS

—
~

Al ™ wWhHeal Mcac~T1 P

A3 CPU e a328]

A 1-type (Instruction)
A Jtype (Jump)
A R-type (Register)
KOpcode
A 6-bit operation code
A There are 3 different register
specifiers:
A RD - 5-bit destination register

A RS - 5-bit source register
A RT - 5-bit target register

0ys ' Nk Xy

Ly * RISCI ™

i »
ONELF TR

PEKING UNIVERSITY

opcode rs rt rd shamt funct

31 26 25 21 20 16 15 11 10 6 5 0

opcode rs rt immediate

31 26 25 21 20 16 15 0

opcode address

31 26 25 0
<64 >
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M o GPU! CUDAI

ASISD SIMD MISD MIMD " YR

instructions

DATA

Single \ STREAM ; Multiple
Single Instruction | Single Instruction
Single Single Data Multiple Data
SISD SIMD
INSTRUCTION
STREAM
Multiple Instruction | Multiple Instruction
_ Single Data Multiple Data
Multiple MISD MIMD
O0ys ' kXY

X \

»

CUDA"Yr

problem

ro-n1

10BJ!

L-=d

P K

~ i 1|
~ i ||
~ i 1|
~ i 1|

» \) a t Z ﬁ
- %
Sivr”  PEKING UNIVERSITY

instructions

Compute Unified Device Architecture

PTX Parallel Thread Execution
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H I M o GPU" CUDAI

Sy »
NEFEL

PEKING UNIVERSITY

APTXu SASS
CUDAC/ICH+2 A @ =~ NVCBa Hi & PTX
SASST ACD @YhE1 &Ta Y SASE +
r 3 8 TYmm 1| A ®ISMv /bE  GPUWBISMy
3 SR Y Compute Unified Device Architecture o N I N
] MZ i 1 ) 1 (0B
nvcc\L =
i PTX B Parallel Thread Execution

K SASS™ 7 B NT i PO T A
Y ¥3 1| ki’ CUDA C/C++SAS&

SASYm, /BGPWEISM _ ®" 1 MZrJ1  f{ T°

HG 6] Wow

0ys * NkXy <06
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H i M o GPU" CUDAI b

APTXu SASS

NEF T
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Mapping of PTX to SASS

0ys * NkXy <67



