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YpoBeHb apXuTeKTypbl HAabopa
KOMaHA

FORTRAN 90 C program
program
FORTRAN 90 C program
program compiled compiled
Yto ISA program Yto ISA program
Software
lBAlevel @ =00z |FeeeeessssEeaesemi e

Hardware

ISA program executed
by microprogram or hardware

Hardware




Address

A

8 Bytes

24

16

15i14i13i12i11i10i{ 9 i 8

8

\o

Aligned 8-byte

word at address 8

Moaenu nNamMaTu

A

8 Bytes

19118 117 i 16

15114113112

X

Nonaligned 8-byte

(b)

Address

24
16
8
0

word at address 12



Perncrpsl
Pentium 4

Bits — 16

Y
A

g— > t=— 8 —

A

A X

Y

AH | AL

= BH B|X BL
*—eH %% oL
“~—Don °X oL

EAX
EBX
ECX
EDX

ESI
EDI
EBP
ESP

CS
SS
DS
ES
FS
GS

EIP

EFLAGS
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Pernctpbl UltraSPARC I

Register | Alt. name Function
RO GO Hardwired to 0. Stores into it are just ignored.
R1 - R7 G1—-G7 | Holds global variables
R8 — R13 O0 - O5 | Holds parameters to the procedure being called
R14 SP Stack pointer
R15 o7 Scratch register
R16-R23 | LO-L7 Holds local variables for the current procedure
R24 — R29 10 — 15 Holds incoming parameters
R30 FP Pointer to the base of the current stack frame
R31 |7 Holds return address for the current procedure




4095

[TaMATb U
perncTpbl B 8051

5 c|AIXK] Rs [0 P |Psw
EAIKKIE2 [ES|E1[X1[E0|X0 | IE
127
e IXKIE2 | ES|E1 [ X1|E0|X0|IP
4 01|R1|00|RO| E1|T1|E0|TO | TCON
. 8
Bit addressable memory 39
- —= -4 Register bankSEEEEO Timer 1 Timer0 | TMOD

A
Y

8 Bits - 8 Bits
(a) (b)

A



Tunbl 4aHHbLIX B Pentium 4

Type 1 Bit | 8 Bits | 16 Bits | 32 Bits | 64 Bits | 128 Bits
Bit
Signed integer X X X
Unsigned integer X X X
Binary coded decimal integer X
Floating point X X




Tunbl AaHHbIX B UltraSPARC

Type 1 Bit | 8 Bits | 16 Bits | 32 Bits | 64 Bits | 128 Bits
Bit
Signed integer X X X P
Unsigned integer X X X P
Binary coded decimal integer
Floating point X X X
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Tunbl AaHHbLIX B 8051

Type 1 Bit | 8 Bits | 16 Bits | 32 Bits | 64 Bits | 128 Bits

Bit %

Signed integer P

Unsigned integer

Binary coded decimal integer

Floating point
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OPCODE

Bo3MOXHble popMaThbl KOMaHA

(a)

OPCODE

ADDRESS

OPCODE

ADDRESSH1

ADDRESS2

(b)

(c)

OPCODE

ADDRT1

ADDR2

ADDRS

(d)

12




dopmMaT KoMaHA Pentium 4

Bytes 0-5 1-2 0-1 0-1 0-4 0-4
| PREFIX | OPCODE | MODE | SIB | DISPLACEMENT | IMMEDIATE
A \
Bits 6 11 Bits 2 3 3
[ INSTRUCTION | | | [SCALE| INDEX | BASE |

Which operand is source? T

Byte/word

Bits 2 3 3
|MOD | REG [ RM |




Format
1a

1b

dopMaT KoMaHa
UltraSPARC I

5 6 5 8 5
DEST OPCODE SRC1 FP-OP SRC2
DEST OPCODE SRC1 IMMEDIATE CONSTANT

5 3 22
DEST OoP IMMEDIATE CONSTANT

4 3 22
COND | OP PC-RELATIVE DISPLACEMENT

30

PC-RELATIVE DISPLACEMENT

3 Register

Immediate

SETHI

BRANCH

CALL

14



dopmaTbl KOMaHA B 8051

Format
1 Opcode
2 Opcode Reg
3 Opcode Operand
4 Opcode 11-Bit address
5 Opcode 16-Bit address
6 Opcode Operand 1 Operand 2
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Aapecauuns

HeaBHaa (IADD)

HenocpeacrseHHas (MOV R1, 4)

"Ipamaa (MOV R1, FULL ADDR)
Pernctposas (MOV R1, R2)

KocBeHHadq perncrtposas (MOV R1, [R2])
NHpekcHas (MOV R1, A[R2])

OTHOCuTeNbHasa nHaekcHas (MOV R1,
A[R2+R3])

CrekoBas (SADD)
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Vidbl ddpcladulvivi b
PACCMaTPUBAEMbIX
ADXUTEKTYPaX

Addressing mode | Pentium 4 | UltraSPARC Il 8051

Accumulator

Immediate

Direct

Register

Ao | K | K| X

Register indirect

Aol A | X[ X[ X

Indexed

Based-indexed

Ao A | | X

Stack




YnpaBneHune unukiaMu

For ( | = 0; i<n; I1++) {onepaTopbl}

L1:

= 1;

first-statement;

last-statement;
=1+ 1;
if (1 <n) goto L1;

(a)

L1:

= 1;
If (I > n) goto L2;
first-statement;

last-statement
=1+ 1;
goto L1;

(b)
18



KoOMaHAabl BBOAA-BbIBOAA

* [IporpamMMnpyembivi BBOA-BbIBOA, C
aKTUBHbIM OXXWAAHNEM

 BBOA-BbLIBOA C ynpaB/ieHWeM Nno
npepbIBaHUAM

e BBOA-BbIBOA C NPSAMbIM AOCTYMNOM K
NaMaTy
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PerncTtpbl yCTpOUCTB

Character available
Keyboard status

Ready for next character
Display status

Interrupt enabled

Keyboard buffer

Character received

Interrupt enabled

Display buffer

Character to display
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@? ? - Terminal \
i DMA goctyn

o]
o]

==

/7' fesscsseassas) Q
Address [ & e SRR !
CPU DMA Memory
Count 100
Nl || " 1y0o | RS232C
/ 4 Controller

1
/ N
Device Direction

Bus
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MHCcTpYKUMK The Pentium 4 (1)

Moves
MOV DST,SRC Move SRC to DST
PUSH SRC Push SRC onto the stack
POP DST Pop a word from the stack to DST
XCHG DS1,Ds2 Exchange DS1 and DS2
LEA DST,SRC Load effective addr of SRC into DST
CMOVee DST,SRC | Conditional move

Arithmetic
ADD DST,SRC Add SRHC to DST
SUB DST,SRC Subtract SRC from DST
MUL SRC Multiply EAX by SRC (unsigned)
IMUL SRC Multiply EAX by SRC (signed)
DIV SRC Divide EDX:EAX by SRC (unsigned)
IDIV SRC Divide EDX:EAX by SRC (signed)
ADC DST,5RC Add SRC to DST, then add carry bit
SBB DST,S5RC Subtract SRC & carry from DST
INC DST Add 1 to DST
DEC DST Subtract 1 from DST
NEG DST Megate DST (subtract it from 0)

22



MHCTPYKUMK The Pentium 4 (2)

Binary coded decimal

DAA Decimal adjust
DAS Decimal adjust for subtraction
AAA ASCII adjust for addition
AAS ASCII adjust for subtraction
AAM ASCII adjust for multiplication
AAD ASCII adjust for division
Boolean
AND DST,SRC Boolean AND SRC into DST
OR DST,SRC Boolean OR SRC into DST
XOR DST,SRC Boolean Exclusive OR SRC to DST
NOT DST Replace DST with 1's complement
Shift/rotate

SAL/SAR DST.# Shift DST left/right # bits
SHL/SHR DST # Logical shift DST left/right # bits
ROL/ROR DST,# Rotate DST left/right # bits
RCL/RCR DST.,# Rotate DST through carry # bits

23



MHCTDOVKUMK The Pentium 4 (3)

Test/compare

TEST SRC1,SRC2 | Boolean AND operands, set flags

CMP SRC1,SRC2 Set flags based on SRC1 - SRC2
Transfer of control

JMP ADDR Jump to ADDR

Jxx ADDR Conditional jumps based on flags

CALL ADDR Call procedure at ADDR

RET Return from procedure

IRET Return from interrupt

LOOPxx Loop until condition met

INT n Initiate a software interrupt

INTO Interrupt if overflow bit is set

Strings

LODS Load string

STOS Store string

MOVS Move string

CMPS Compare two strings

SCAS Scan Strings

24



Condition codes

MHCTpyKuun The Pentium 4 (4)

Miscellaneous

STC Set carry bit in EFLAGS reqgister
CLC Clear carry bit in EFLAGS reqister
CMC Complement carry bit in EFLAGS
STD Set direction bit in EFLAGS register
CLD Clear direction bit in EFLAGS reg
STI Set interrupt bit in EFLAGS reqister
CLI Clear interrupt bit in EFLAGS reg
PUSHFD Push EFLAGS register onto stack
POPFD Pop EFLAGS register from stack
LAHF Load AH from EFLAGS reqister
SAHF Store AH in EFLAGS register

SWAP DST Change endianness of DST

cwaQ Extend EAX to EDX:EAX for division
CWDE Extend 16-bit number in AX to EAX
ENTER SIZE,LV Create stack frame with SIZE bytes
LEAVE Undo stack frame built by ENTER
NOP Mo operation

HLT Halt

IN AL,PORT Input a byte from PORT to AL

OUT PORT,AL Qutput a byte from AL to PORT
WAIT Wait for an interrupt

SRAC = source # = shift/rotate count

DST = destination

LV = # locals

25




The UltraSPARC I
MHCcTpyKunn (1)

Loads

LDSB ADDR,DST

Load signed byte (8 bits)

LDUB ADDR,DST

Load unsigned byte (8 bits)

LDSH ADDR,DST

Load signed halfword (16 bits)

LDUH ADDR,DST

Load unsigned halfword (16)

LDSW ADDR,DST

Load signed word (32 bits)

LDUW ADDR,DST

Load unsigned word (32 bits)

LDX ADDR,DST

Load extended (64-bits)

Stores

STB SRC,ADDR

Store byte (8 bits)

STH SRC,ADDR

Store halfword (16 bits)

STW SRC,ADDR

Store word (32 bits)

STX SRC,ADDR

Store extended (64 bits)

26



The UltraSPARC I
NHCTpYyKUUK (2)

Arithmetic

ADD R1,52,DST

Add

ADDCC

Add and set icc

ADDC Add with carry

ADDCCC * Add with carry and set icc
SUB R1,52,DST Subtract

SUBCC Subtract and set icc

SUBC * Subtract with carry

SUBCCC Subtract with carry and set icc
MULX R1,S2,DST | Multiply

SDIVX R1,52,DST | Signed divide

UDIVX R1,S2,DST | Unsigned divide

TADCC R1,52,DST| Tagged add

27



The UltraSPARC 111

IAI 1A T\ /JIrC1 11 A1 A /Q
Shifts/rotates

SLL R1,52,DST Shift left logical (32 bits)
SLLX R1,52,DST | Shift left logical extended (64)
SRL R1,52,DST Shift right logical (32 bits)
SRLX R1,52,DST | Shift right logical extended (64)
SRA R1,52,DST | Shift right arithmetic (32 bits)
SRAX R1,52,DST | Shift right arithmetic ext. (64)

Miscellaneous
SETHI CON,DST | Set bits 10 to 31
MOVce CC,52,DST Move on condition
MOVr R1,52,DST | Move on register
NOP No operation
POPC S1,DST Population count
RDCCR V,DST Read condition code register
WRCCR R1,52,V | Write condition code register
RDPC V,DST Read program counter




The UltraSPARC I
NHCTpYyKUKnn (4)

Boolean
AND R1,52,DST Boolean AND
ANDCC * Boolean AND and set icc
ANDN : Boolean NAND
ANDNCC * Boolean NAND and set icc
OR R1,52,DST Boolean OR
ORCC “ Boolean OR and set icc
ORN “ Boolean NOR
ORNCC " Boolean NOR and set icc
XOR R1,52,DST | Boolean XOR
XORCC ~ Boolean XOR and set icc
XNOR . Boolean EXCLUSIVE NOR
XNORCC “ Boolean EXCL. NOR and set icc




SRC = source register

The UltraSPARC 111

I‘I H S L W AE & n H B A= &

Transfer of control

)

BPcc ADDR Branch with prediction
BPr SRC,ADDR Branch on register
CALL ADDR Call procedure

RETURN ADDR

Return from procedure

JMPL ADDR,DST

Jump and link

SAVE R1,S2,DST

Advance register windows

RESTORE *

Restore register windows

Tcc CC,TRAP#

Trap on condition

PREFETCH FCN

Prefetch data from memory

LDSTUB ADDR,R

Atomic load/store

MEMBAR MASK

Memory barrier

DST = destination register

R1 = source register

S2 = source: register or immediate
ADDR = memory address

TRAP# = trap number

FCN = function code
MASK = operation type
CON = constant

V = register designator

CC = condition code set
R =destination register
cc = condition
r=LZLEZZNZGZGEZ

30



The UltraSPARC 111

NMHCTPYKUUN (6)

Instruction How to do it
MOV SRC,DST OR SRC with GO and store the result DST
CMP SRC1,SRC2 SUBCC SRC2 from SRC1 and store the result in GO
TST SRC ORCC SRC with GO and store the result in GO
NOT DST XNOR DST with GO
NEG DST SUB DST from GO and store in DST
INC DST ADD 1 to DST (immediate operand)
DEC DST SUB 1 from DST (immediate operand)
CLR DST OR GO with GO and store in DST
NOP SETHI GO to O
RET JMPL %I7+8,%G0

31



8051 l/IHCprKLl,MM (1)

Inst. Description Reg | Dir # C Bit
MOV Move srcto ACC X X X
MOV Move src to register P X
MOV Move srcto memory X P X
MOV Move src to indirect RAM P X
MOV Move 16-bit constant to DPTR
MOVC | Move code to ACC ofiset from DPTR
MOVC | Move code to ACC oftset from PC
MOVX | Move external RAM byte to ACC
MOVX | Move ext. RAM byte to ACC @DPTR
MOVX | Move to ext. RAM byte from ACC
MOVX | Move to ext. RAM byte from ACC @DPTRH
PUSH | Push src byte to stack P
POP Pop stack byte to dst P
XCH Exchange ACC and dst X
XCHD | Exchange low-order digit ACC and dst P
SWAP | Swap nibbles of dst
ADD Add srcto ACC X bs X

32




8051 WNHcTpyKkummn (2)

Inst. Description ACC | Reg | Dir | @R | # C Bit
ADDC | Add srcto ACC with carry X P X X
SUBE Subtract src from ACC with borrow X bs X X
INC Increment dst X X bs X
DEC Decrement dst X X ps X
INC DPTR
MUL Multiply
DIV Divide
DA Decimal adjust dst %

ANL AND src to ACC X X X X
ANL AND ACC to dst X
ANL AND immediate to dst X
ORL OR src to ACC X ps X X
ORL OR ACC to dst s
ORL OR immediate to dst X

33



8051 UNHcTpyKkuun (3)

Inst. Description ACC | Reg | Dir | @R | # C Bit
XRL XOR srcto ACC X X X X
XRL XOR ACC to dst X
XHL XOR immediate to dst X
CLR Clear dst X
CPL Complement dst X
RL Rotate dst left X
RLC Rotate dst left through carry X
RR Rotate dst right X
e

RRC Rotate dst right through carry

34



8051 l/IHCprKLl,MM (4)

Inst. Description Reg | Dir | @R | # C | Bit
CLR Clear bit b X
SETB Set bit X X
CPL Complement bit P X
ANL AND src to carry P
ANL AND complement of src to carry X
ORL OR src to carry P
ORL OR complement of srec to carry X
MOV Move src to carry P
MOV Move carry to src P
JV Jump relative if carry set
JNC Jump relative if carry not set
JB Jump relative if direct bit set X
JNB Jump relative if direct bit not set X
JBC Jump rel. if direct bit set and carry cleay P
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8051 l/IHCprKLl,MM (5)

Inst. Description Reg | Dir Bit
ACALL | Call subroutine (11-bit addr)
LCALL | Call subroutine (16-bit addr)
RET Return from subroutine
RETI Return from interrupt
SJMP Short relative jump (8-bit addr)
AJMP Absolute jump (11-bit addr)
LJMP Absolute jump (16-bit addr)
JMP Jump indirect rel. to DPR+ACC
JZ Jump it ACC is zero
JNZ Jump if ACC is nonzero
CJNE Comp. src to ACC, jump unequal X
CJNE Comp. srec to immediate, jump unequal P
DJNZ Decrement dst and jump nonzero
NOP No operation
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(@) (b)

: e, i [1poueaypbl (1)

A called
from main
program

Y

EENNEVAVAN

A returns —=
to main
program
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ConporpamMmsl (2)

(a) (b
A called - B
from main $ W
program —
\‘%
w
_——
RESUME B
S
O3
Sy,
\
A returns <
to main
program




[1pepblBaHNA

Disk interrupt
priority 4 held pending

RS232 ISR finishes
disk interrupt occurs

RS232 interrupt
priority 5 Disk ISR finishes
Printer interrupt Printer ISR finishes
priority 2
l Y Y Y Y
(l) 1|O 1|5 2|0 2|5 3|5 4|O
ﬁ—Jiw_li\ ~ JEL ~ Jiw_/iﬁ—) Time
User :Printer: RS232 ! Disk :Printer: User
program 1 ISR 1 ISR ISR 1 ISR 1 program
. i !
|User| |User User [User| Stack
Printer Printer i
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[IpobnemMbl Pentium 4

e CISC-apxuTteKkTypa

e OpneHTUpoBaHa Ha 2-X agpecHble
KOMaHAbl|

e Mano perncrpos

 KOMaHAbl HE BbINOMHAKOTCA noapsa

e HeTOYHOE NpeackasaHne nepexoaos

e CrekynsaTuBHOE BbIMOJSIHEHUE

e OrpaHnyeHune pa3smepa nporpamm B 46
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Cnacnbo 3a BHMMaHue!

41



	АРХИТЕКТУРА КОМПЬЮТЕРНЫХ СИСТЕМ��Лекция 7:�Уровень архитектуры набора команд
	План лекции
	Уровни архитектуры
	Уровень архитектуры набора команд
	Модели памяти
	Регистры �Pentium 4 �
	Регистры UltraSPARC III
	Память и регистры в 8051
	Типы данных в Pentium 4
	Типы данных в UltraSPARC III
	Типы данных в 8051
	Возможные форматы команд
	Формат команд Pentium 4
	Формат команд �UltraSPARC III
	Форматы команд в 8051
	Адресация
	Виды адресации в рассматриваемых архитектурах
	Управление циклами
	Команды ввода-вывода
	Регистры устройств
	DMA доступ
	Инструкции The Pentium 4 (1)
	Инструкции The Pentium 4 (2)
	Инструкции The Pentium 4 (3)
	Инструкции The Pentium 4 (4)
	The UltraSPARC III Инструкции (1)
	The UltraSPARC III Инструкции (2)
	The UltraSPARC III Инструкции (3)
	The UltraSPARC III Инструкции (4)
	The UltraSPARC III Инструкции (5)
	The UltraSPARC III Инструкции (6)
	8051 Инструкции (1)
	8051 Инструкции (2)
	8051 Инструкции (3)
	8051 Инструкции (4)
	8051 Инструкции (5)
	Процедуры (1)
	Сопрограммы (2)
	Прерывания
	Проблемы Pentium 4
	Спасибо за внимание!

