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Въведение:	
  Развитие	
  на	
  микроелектронните	
  технологии	
  за	
  производство	
  на	
  СГИС.	
  
Кратка	
  история	
  на	
  32-­‐битовите	
  микропроцесори	
  (МП)	
  x86	
  и	
  „ARM“.	
  	
  



















































Прехвърляне	
   Аритметични	
   Побитови	
   За	
  преходи	
   За	
  низове	
   ПСУ	
  

MOV,	
  PUSH,	
  
POP,	
  XCHG,	
  
XLAT	
  

ADD,	
  ADC,	
  
AAA,	
  DAA,	
  INC	
  

AND,	
  OR,	
  
XOR,	
  NOT,	
  
TEST	
  

CALL,	
  RET,	
  JMP	
   REP,	
  REPE/	
  
REPZ,	
  REPNE/
REPNZ	
  

INT,	
  INTO,	
  IRET	
  

IN,	
  OUT	
   SUB,	
  SBB,	
  
AAS,	
  DAS,	
  
DEC,	
  NEG,	
  
CMP	
  

SAL/SHL,	
  
SAR,	
  SHR	
  

JA/JNBE,	
  JAE/
JNB/JNC,	
  JB/
JNAE/JC,	
  JBE/
JNA,	
  JCXZ,	
  JE/JZ,	
  
JG/JNLE,	
  JGE/JNL,	
  
JL/JNGE,	
  JLE/JNG,	
  
JNE/JNZ,	
  JNO,	
  
JNP/JPO,	
  JNS,	
  JO,	
  
JP/JPE,	
  JS	
  

MOVSB,	
  
MOVSW	
  

STC,	
  CLC,	
  
CMC,	
  STD,	
  
CLD,	
  STI,	
  CLI	
  

LEA,	
  LDS,	
  LES	
   MUL,	
  IMUL,	
  
AAM	
  

ROL,	
  ROR,	
  
RCL,	
  RCR	
  

LOOP,	
  LOOPE/
LOOPZ,	
  LOOPNE/
LOOPNZ	
  

CMPSB,	
  
CMPSW	
  

HLT,	
  WAIT,	
  
LOCK	
  (ESC	
  е	
  за	
  
копроцесор!)	
  

LAHF,	
  SAHF,	
  
PUSHF,	
  POPF	
  

DIV,	
  IDIV,	
  AAD	
   SCASB,	
  SCASW	
   (NOP	
  –	
  това	
  е	
  
XCHG	
  AX,AX	
  !)	
  

CBW,	
  CWD	
   LODSB,	
  
LODSW,	
  
STOSB,	
  STOSW	
  

+SALC	
  (недо-­‐
кументирана)	
  
=	
  96	
  бр.	
  



1978	
   96	
   8086	
  (3,2	
  µm	
  nMOSFET)	
  

1980	
   83	
   8087	
  (3	
  µm)	
  

1982	
   105	
   80186	
  

1982	
   112	
   80286	
  

1982	
   84	
   80287	
  

1985	
   166	
   80386	
  (1,5	
  µm	
  CHMOS	
  III)	
  

1987	
   96	
   80387	
  

1989	
   267	
   80486DX/P4	
  (1	
  µm	
  CHMOS	
  IV)	
   FPU	
  

1993	
   273	
   80586/P5/Pencum(0,8µ	
  BiCMOS)	
   FPU	
  

1995	
   304	
   80686/P6/Pencum	
  Pro	
  (350	
  nm)	
   FPU	
  

1997	
   321	
   Pencum	
  MMX	
  (280	
  nm)	
   FPU,	
  MMX	
  

1997	
   333	
   6x86MX	
  (Cyrix)	
   FPU,	
  MMX,	
  EMMI	
  

1998	
   353	
   K6-­‐2	
  (AMD,	
  250	
  nm)	
   FPU,	
  MMX,	
  3DNow!	
  

1999	
   358	
   K6-­‐2+	
  (AMD,	
  180	
  nm)	
   FPU,	
  MMX,	
  Enhanced	
  3DNow!	
  

1999	
   420	
   Pencum	
  III	
  (250	
  nm	
  CMOS)	
   FPU,	
  MMX,	
  SSE	
  

2000	
   489	
   Pencum	
  4	
  (180	
  nm)	
   FPU,	
  MMX,	
  SSE,	
  SSE2	
  

2003	
   528	
   K8	
  /	
  Athlon	
  64	
  (AMD,	
  130	
  nm)	
   FPU,MMX,Enhanced	
  3DNow!,SSE,SSE2,AMD64	
  

2004	
   499	
   Pencum	
  4	
  Prescor	
  (90	
  nm)	
   FPU,	
  MMX,	
  SSE,	
  SSE2,	
  SSE3	
  



Октомври 2015 г.: Xeon E3 v5 Skylake-DT (14 nm FinFET): 
208	
  +	
  5	
  (CLMUL	
  =	
  Carry-­‐less	
  Mulcplicacon)	
  +	
  24	
  (BMI	
  =	
  Bit	
  Manipulacon	
  Instruccons)	
  

+	
  96	
  (FPU)	
  +	
  20	
  (FMA	
  =	
  Fused	
  Mulcply-­‐Add)	
  =	
  	
  

+	
  48	
  (MMX	
  =	
  Mulcmedia	
  Extensions	
  |	
  Mulcple	
  Math	
  Extensions	
  |	
  Matrix	
  Math	
  Extensions)	
  

+	
  68	
  (SSE	
  =	
  Streaming	
  SIMD	
  (Single	
  Instruccon,	
  Mulcple	
  Data)	
  Extensions)	
  

+	
  69	
  (SSE2)	
  

+	
  10	
  (SSE3)	
  

+	
  16	
  (SSSE3	
  =	
  Supplemental	
  SSE)	
  =	
  515	
  

+	
  49	
  (SSE4.1)	
  

+	
  6	
  (SSE4.2)	
  

+	
  14	
  (x86-­‐64)	
  

+	
  2	
  (ADX	
  =	
  Mulc-­‐Precision	
  Add-­‐Carry	
  Instruccon	
  Extensions)	
  

+	
  12	
  (AVX	
  =	
  Advanced	
  Vector	
  Extensions)	
  

+	
  30	
  (AVX2)	
  

+	
  13	
  +	
  6	
  +	
  8	
  +	
  8	
  +	
  8	
  +	
  18	
  +	
  2	
  +	
  44	
  +	
  12	
  +	
  16	
  +	
  63	
  +	
  6	
  +	
  10	
  +	
  16	
  +	
  12	
  +	
  9	
  +	
  2	
  (253	
  AVX3)	
  

+	
  8	
  (MPX	
  =	
  Memory	
  Proteccon	
  Extensions)	
  

+	
  4	
  (TSX	
  =	
  Transacconal	
  Synchronizacon	
  Extensions)	
  +	
  2	
  (SGX	
  =	
  Soxware	
  Guard	
  Extensions)	
  

+	
  10	
  (VT-­‐x	
  Virtualizacon)	
  +	
  7	
  (AES-­‐NI	
  =	
  Advanced	
  Encrypcon	
  Standard	
  New	
  Instruccons)	
  =	
  961	
  















2.1 Overview (4) 

ARMv4 ARMv5 ARMv6 ARMv8-A ARMv7-A/R 

Jazelle 
(Jazelle DBX) 

VFPv1/2 

Thumb 
(ARMv4T) 

SIMD 

TrustZone 

Thumb-2 
(ARMv6T2) 

 Adv. SIMD1 

(NEON) 

VFPv3/v42 

Crypto-
graphy ext. 

Jazelle 
(ex. by SW) 

Jazelle RCT3 

(ThumbEE) 

ARM710T 
(~1995) 

ARM926 
(2001) 

ARM1176 
(2004) 

Cortex-A5-15 
(2005) 

Cortex-A53/A57 
(2014) 

Examples 

To enhance 
security 

To speed up 
the execution 
 of bytecodes 

To reduce 
code size 

SVE4 

To enhance 
compute 

capabilities 

AArch32 AArch64 

Main extensions introduced in ARM’s basic ISA (simplified) -2 (Based on [64]) 

Remarks: See on the next slide. 

 Adv. SIMD 
and FP 

 SIMD 
 and FP 



3.1 Overview of ARM’s processor lines (1) 

3.1 Overview of ARM's processor series 
Subsequently, we give an overview of ARM’s processor series subdivided into three  
     sections, according their underlying ISAs, as follows. 

Processors implementing 
the ARMv1 – ARMv2 ISA 

ARM’s processor series 

(Earliest ARM processors) 
(~ 1985-1990) 

ARM1-ARM3 

26-bit address bus 
32-bit data buses 

Processors implementing 
the ARMv3 – v6 ISA 

(Early ARM processors) 
(~ 1991-2004) 

ARM6xx-ARM11xx 

32-bit address bus 
32-bit data buses 

Processors implementing  
the ARMv7 – ARMv8 ISA 

(ARM’s Cortex processors) 
(Since 2004/2012) 

Cortex lines 

ARMv7: 32-bit  
ARMv8: 64-bit 

with AArch64 and AArch32 modes 



4. Overview of ARM’s Cortex-A series (5a) 

2012 2013 

10/2009 

Cortex-A5 
ARMv7 
40 nm 

Mainstr
eam	
  

Low	
  power	
  

Announced 

1 

2 

3 

4 

5 

2006 2007 2008 2009 2010 2011 

10/2011 

Cortex-A7 
ARMv7 
28 nm 

10/2012 

Cortex-A53 
ARMv8 

20/16 nm 
10/2005 

Cortex-A8 

ARMv7 

65 nm 

10/2007 

Cortex-A9 

ARMv7 

40 nm 

2014 

2/2014 

Cortex-A17 

ARMv7 

28 nm 

6 

7 

DMIPS/MHz 

2015 

11/2015 
Cortex-A35 

ARMv8 
16/14 nm 

8 

2016 

6/2013 

Cortex-A12 

ARMv7 

28 nm 

Three design teams working in parallel []  

http://www.anandtech.com/show/10347/arm-cortex-a73-artemis-unveiled 

Austin (Texas) designs 

Sophia-Antipolis (France) designs 

Cambridge (UK)  designs 



Програмен	
  модел	
  на	
  МП:	
  Понятие	
  за	
  програмен	
  модел.	
  Режими.	
  Регистри	
  за	
  
обща	
  употреба.	
  Специализирани	
  регистри.	
  Флагове	
  на	
  регистъра	
  за	
  кода	
  на	
  
условието	
  (РКУ).	
  Особености.	
  Обзор	
  на	
  програмния	
  модел	
  на	
  други	
  МП.	
  	
  















Преносът	
  при	
  изваждане	
  е	
  инверсен!	
  
В	
  много	
  микропроцесори	
  се	
  използва	
  този	
  трик	
  –	
  изважда-­‐
нето	
  да	
  се	
  извършва	
  като	
  събиране	
  с	
  инверсната	
  стойност	
  на	
  
умалителя	
  плюс	
  лог.	
  1	
  на	
  входа	
  за	
  пренос.	
  Така	
  преносът	
  се	
  
получава	
  инвертиран	
  на	
  изхода	
  за	
  пренос	
  на	
  суматора.	
  А	
  ако	
  
следващата	
  команда	
  е	
  изваждане	
  с	
  пренос	
  (SBC),	
  то	
  тази	
  ко-­‐
манда	
  изважда	
  инверсията	
  на	
  преноса.	
  По-­‐подробно	
  разви-­‐
то,	
  ако	
  има	
  пренос,	
  изваждането	
  се	
  свежда	
  отново	
  да	
  съби-­‐
ране	
  с	
  инверсната	
  стойност	
  на	
  умалителя	
  плюс	
  лог.	
  1	
  на	
  вхо-­‐
да	
  за	
  пренос	
  на	
  суматора,	
   тъй	
  като	
  инвесията	
  на	
  преноса	
  е	
  
лог.	
  0.	
  А	
  ако	
  пренос	
  няма,	
  то	
  от	
  тази	
  лог.	
  1	
  се	
  изважда	
  лог.	
  1	
  
(инверсията	
  на	
  преноса)	
  и	
  така	
  на	
  входа	
  за	
  пренос	
  на	
  сума-­‐
тора	
  ще	
  има	
  лог.	
  0.	
  На	
  практика	
  това	
  означава,	
  че	
  на	
  втория	
  
вход	
  на	
  суматора	
  се	
  подава	
  инверсията	
  на	
  умалителя	
  (полу-­‐
чена	
  от	
  инверсните	
  изходи	
  на	
  тригерите	
  от	
  регистъра,	
  къде-­‐
то	
  се	
  пази	
  той),	
  а	
  на	
  входа	
  му	
  за	
  пренос	
  –	
  преносът	
  от	
  пред-­‐
ходното	
  така	
  извършено	
  изваждане.	
  Така	
  е	
  и	
  при	
  „ARM“.	
  







Предимства	
  на	
  ARM	
  пред	
  x86	
  
Архитектурата ARM е RISC и е създадена по-късно от x86, която е 
CISC. Въпреки това, следните предимства правят програмите за 
ARM по-кратки от тези за 80x86:	


1. Наличието на 13 регистъра за обща употреба срещу 7 за 80x86.	


2. Наличието на 3 до 4 операнда на команда при аритметично-ло-
гическите операции срещу 2 за 80x86 и дори само 1 за умноже-
нието и деленето (вярно е, че командата IMUL (80186+) има 3-
операнден вариант, а някои нови FMA4- и XOP-команди имат до 
5 операнда, но те са рядко срещани, специализирани и сложни).	


3. Възможността всяка команда да бъде направена условна.	


4. Възможността за избор дали командата да променя флаговете 
или не.	


5. Възможността да се работи с изместено копие на десния опе-
ранд.	


6. Ортогоналният набор от команди и адресни режими (на 80x86 е 
неортогонален).	




Недостатъци	
  на	
  ARM	
  спрямо	
  x86	
  
1. Няма	
  трикомпонентен	
  адресен	
  режим	
  (с	
  2	
  адресни	
  регистъра	
  

плюс	
  отместване-­‐константа),	
  какъвто	
  има	
  при	
  x86.	
  

2. Няма	
  команда,	
  която	
  да	
  променя	
  флаг	
  Z,	
  без	
  да	
  променя	
  флаг	
  
C.	
  Това	
  затруднява	
  запазването	
  на	
  преноса	
  между	
  итерациите	
  
на	
  цикъла.	
  

3. Няма	
  команда	
  за	
  размяна	
  на	
  съдържанието	
  на	
  2	
  регистъра.	
  

4. Няма	
  команда	
  за	
  получаване	
  на	
  остатъка	
  от	
  целочислено	
  деле-­‐
не.	
  

5. Флагът	
  C	
  получава	
  инверсна	
  стойност	
   след	
  изваждане	
  и	
  срав-­‐
нение,	
  защото	
  в	
  ARM	
  няма	
  субтрактор;	
  има	
  само	
  суматор.	
  (Но	
  
това	
  е	
  по-­‐скоро	
  особеност,	
  отколкото	
  недостатък.)	
  







Система	
  от	
  машинни	
  команди:	
  Групи	
  команди.	
  Формат	
  на	
  командите.	
  
„Операнд	
  2“.	
  Методи	
  за	
  адресация.	
  Ортогоналност	
  на	
  системата	
  команди.	
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ARM Instruction Set Format
Instruction type

Data processing / PSR Transfer

Multiply

Long Multiply (v3M / v4 only)

Swap

Load/Store Byte/Word

Load/Store Multiple

Halfword transfer : Immediate offset (v4 only)

Halfword  transfer: Register offset (v4 only)

Branch

Branch Exchange         (v4T only)

Coprocessor data transfer

Coprocessor data operation

Coprocessor register transfer

Software interrupt

Cond    0 0 I Opcode  S    Rn      Rd           Operand2 

Cond    0 0 0 0 0 0 A S    Rd      Rn      Rs    1 0 0 1   Rm  

Cond    0 0 0 1 0 B 0 0    Rn      Rd    0 0 0 0 1 0 0 1   Rm 

Cond    0 1 I P U B W L    Rn      Rd            Offset 

Cond    1 0 0 P U S W L    Rn             Register List 

Cond    0 0 0 0 1 U A S   RdHi    RdLo     Rs    1 0 0 1   Rm  

Cond    0 0 0 P U 1 W L    Rn      Rd    Offset1 1 S H 1 Offset2

Cond    1 0 1 L                     Offset 

Cond    1 1 0 P U N W L    Rn     CRd     CPNum      Offset

Cond    1 1 1 0   Op1     CRn     CRd     CPNum   Op2  0   CRm 

Cond    1 1 1 0  Op1  L   CRn      Rd     CPNum   Op2  1   CRm 

Cond    1 1 1 1                   SWI Number

Cond   0 0 0 1  0 0 1 0 1 1 1 1 1 1 1 1  1 1 1 1 0 0 0 1    Rn

Cond   0 0 0  P U 0 W L    Rn      Rd    0 0 0 0 1 S H 1   Rm

31 2827 1615 87 0
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Conditional Execution

* Most instruction sets only allow branches to be executed conditionally.
* However by reusing the condition evaluation hardware,  ARM effectively 

increases number of instructions.

• All instructions contain a condition field which determines whether the 
CPU will execute them. 

• Non-executed instructions soak up 1 cycle.

– Still have to complete cycle so as to allow fetching and decoding of  
following instructions.

* This removes the need for many branches, which stall the pipeline (3 
cycles to refill).

• Allows very dense in-line code, without branches.

• The Time penalty of not executing several conditional instructions is 
frequently less than overhead of the branch 
or subroutine call that would otherwise be needed.
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The Condition Field

2831 24 20 16 12 8 4 0

Cond

0000 = EQ - Z set (equal)

0001 = NE - Z clear (not equal)

0010 = HS / CS  - C set (unsigned 
higher or same)

0011 = LO / CC - C clear (unsigned 
lower)

0100 = MI -N set (negative)

0101 = PL - N clear (positive or 
zero)

0110 = VS - V  set (overflow)

0111 = VC - V clear (no overflow)

1000 = HI - C set and Z clear 
(unsigned higher)

1001 = LS - C clear or Z (set unsigned 
lower or same) 

1010 = GE - N set and V set, or N clear 
and V clear (>or =)

1011 = LT - N set and V clear, or N clear 
and V set (>)

1100 = GT - Z clear, and either N set and 
V set, or N clear and V set (>)

1101 = LE - Z set, or N set and V clear,or 
N clear and V set (<, or =)

1110 = AL - always

1111 = NV - reserved.
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Using and updating the 
Condition Field

* To execute an instruction conditionally, simply postfix it with the 
appropriate condition:

• For example an add instruction takes the form:
– ADD r0,r1,r2 ; r0 = r1 + r2 (ADDAL)

• To execute this only if the zero flag is set:
– ADDEQ r0,r1,r2 ; If zero flag set then…

; ... r0 = r1 + r2

* By default, data processing operations do not affect the condition flags 
(apart from the comparisons where this is the only effect). To cause the 
condition flags to be updated, the S bit of the instruction needs to be set 
by postfixing the instruction (and any condition code) with an “S”.

• For example to add two numbers and set the condition flags:
– ADDS r0,r1,r2 ; r0 = r1 + r2 

; ... and set flags
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* Branch : B{<cond>} label

* Branch with Link : BL{<cond>} sub_routine_label

* The offset for branch instructions is calculated by the assembler:
• By taking the difference between the branch instruction and the 

target address minus 8 (to allow for the pipeline).

• This gives a 26 bit offset which is right shifted 2 bits (as the
bottom two bits are always zero as instructions are word –
aligned) and stored into the instruction encoding.

• This gives a range of � 32 Mbytes.

Branch instructions (1)

2831 24 0

Cond         1    0    1   L                                    Offset              

Condition field

Link bit 0 = Branch
1 = Branch with link

232527
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Branch instructions (2)

* When executing the instruction, the processor:
• shifts the offset left two bits, sign extends it to 32 bits, and adds it to PC.

* Execution then continues from the new PC, once the pipeline has been 
refilled.

* The "Branch with link" instruction implements a subroutine call by 
writing PC-4 into the LR of the current bank. 

• i.e. the address of the next instruction following the branch with link 
(allowing for the pipeline).

* To return from subroutine, simply need to restore the PC from the LR:
• MOV pc, lr

• Again, pipeline has to refill before execution continues.

* The "Branch" instruction does not affect LR.
* Note: Architecture 4T offers a further ARM branch instruction, BX

• See Thumb Instruction Set Module for details.
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Data processing Instructions

* Largest family of ARM instructions, all sharing the same instruction 
format.

* Contains:

• Arithmetic operations

• Comparisons (no results - just set condition codes) 

• Logical operations

• Data movement between registers

* Remember, this is a load / store architecture
• These instruction only work on registers,  NOT memory.

* They each perform a specific operation on one or two operands.
• First operand always a register - Rn

• Second operand sent to the ALU via barrel shifter.

* We will examine the barrel shifter shortly.



The ARM Instruction Set - ARM University Program - V1.0 20

Arithmetic Operations

* Operations are:
• ADD operand1 + operand2

• ADC operand1 + operand2 + carry

• SUB operand1 - operand2

• SBC operand1 - operand2 + carry -1 

• RSB operand2 - operand1

• RSC operand2 - operand1 + carry - 1

* Syntax:
• <Operation>{<cond>}{S} Rd, Rn, Operand2

* Examples
• ADD r0, r1, r2

• SUBGT r3, r3, #1

• RSBLES r4, r5, #5
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Comparisons

* The only effect of the comparisons is to
• UPDATE THE CONDITION FLAGS. Thus no need to set S bit.

* Operations are:
• CMP operand1 - operand2, but result not written

• CMN operand1 + operand2, but result not written

• TST operand1 AND operand2, but result not written

• TEQ operand1 EOR operand2, but result not written

* Syntax:
• <Operation>{<cond>} Rn, Operand2

* Examples:
• CMP r0, r1

• TSTEQ r2, #5
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Logical Operations

* Operations are:
• AND operand1 AND operand2

• EOR operand1 EOR operand2

• ORR operand1 OR operand2

• BIC operand1 AND NOT operand2 [ie bit clear]

* Syntax:
• <Operation>{<cond>}{S} Rd, Rn, Operand2

* Examples:
• AND r0, r1, r2

• BICEQ r2, r3, #7

• EORS r1,r3,r0
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Data Movement

* Operations are:
• MOV operand2

• MVN NOT operand2

Note that these make no use of operand1.
* Syntax:

• <Operation>{<cond>}{S} Rd, Operand2

* Examples:
• MOV r0, r1

• MOVS r2, #10

• MVNEQ r1,#0
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Quiz #2

Start

Stopr0 = r1
?

r0 > r1
?

r0 = r0 - r1 r1 = r1 - r0

Yes 

No Yes 

No 

* Convert the GCD 
algorithm given in this 
flowchart into

1) “Normal” assembler,
where only branches can 
be conditional.

2) ARM assembler, where 
all instructions are 
conditional, thus 
improving code density.

* The only instructions you 
need are CMP, B and SUB.
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Quiz #2 - Sample Solutions

“Normal” Assembler

gcd    cmp r0, r1      ;reached the end?

beq stop         

blt less        ;if r0 > r1

sub r0, r0, r1  ;subtract r1 from r0 

bal gcd

less   sub r1, r1, r0  ;subtract r0 from r1 

bal gcd

stop

ARM Conditional Assembler

gcd    cmp   r0, r1      ;if r0 > r1

subgt r0, r0, r1  ;subtract r1 from r0

sublt r1, r1, r0  ;else subtract r0 from r1 

bne   gcd         ;reached the end?
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The Barrel Shifter

* The ARM doesn’t have actual shift instructions.

* Instead it has a barrel shifter which provides a mechanism to carry out 
shifts as part of other instructions.

* So what operations does the barrel shifter support?
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* Shifts left by the specified amount (multiplies by powers of two) e.g. 
LSL #5 = multiply by 32

Barrel Shifter - Left Shift

Logical Shift Left (LSL)

DestinationCF 0
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Logical Shift Right 
•Shifts right by the 
specified amount 
(divides by powers of 
two) e.g. 

LSR #5 = divide by 32

Arithmetic Shift Right
•Shifts right (divides by 
powers of two) and 
preserves the sign bit, 
for 2's complement 
operations. e.g. 

ASR #5 = divide by 32

Barrel Shifter - Right Shifts

Destination CF

Destination CF

Logical Shift Right

Arithmetic Shift Right

...0

Sign bit shifted in
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Barrel Shifter - Rotations 
Rotate Right (ROR)

• Similar to an ASR but the 
bits wrap around as they 
leave the LSB and appear as 
the MSB.

e.g. ROR #5

• Note the last bit rotated is 
also used as the Carry Out.

Rotate Right Extended (RRX)

• This operation uses the 
CPSR C flag as a 33rd bit. 

• Rotates right by 1 bit. 
Encoded as ROR #0.

Destination CF

Rotate Right

Destination CF

Rotate Right through Carry
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Using the Barrel Shifter:
The Second Operand

* Immediate value

• 8 bit number

• Can be rotated right through 
an even number of 
positions.

• Assembler will calculate 
rotate for you from 
constant.

* Register, optionally with shift 
operation applied.

* Shift value can be either be:

• 5 bit unsigned integer

• Specified in bottom byte of 
another register.

Operand 
1

Result

ALU

Barrel 
Shifter

Operand 
2
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Second Operand :
Shifted Register

* The amount by which the register is to be shifted is contained in 
either:   

• the immediate 5-bit field in the instruction           

– NO OVERHEAD 

– Shift is done for free - executes in single cycle.

• the bottom byte of a register (not PC)

– Then takes extra cycle to execute

– ARM doesn’t have enough read ports to read 3 registers at 
once.

– Then same as on other processors where shift is
separate instruction.

* If no shift is specified then a default shift is applied: LSL #0
• i.e. barrel shifter has no effect on value in register.
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Second Operand :
Using a Shifted Register

* Using a multiplication instruction to multiply by a constant means first 
loading the constant into a register and then waiting a number of 
internal cycles for the instruction to complete.

* A more optimum solution can often be found by using some combination 
of MOVs, ADDs, SUBs and RSBs with shifts.

• Multiplications by a constant equal to a ((power of 2) � 1) can be done in 
one cycle.

* Example: r0 = r1 * 5
Example: r0 = r1 + (r1 * 4) 

ï ADD r0, r1, r1, LSL #2
* Example: r2 = r3 * 105

Example: r2 = r3 * 15 * 7
Example: r2 = r3 * (16 - 1) * (8 - 1)

ï RSB r2, r3, r3, LSL #4 ; r2 = r3 * 15
ï RSB r2, r2, r2, LSL #3 ; r2 = r2 * 7
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Second Operand :
Immediate Value (1)

* There is no single instruction which will load a 32 bit immediate constant 
into a register without performing a data load from memory.

• All ARM instructions are 32 bits long

• ARM instructions do not use the instruction stream as data.

* The data processing instruction format has 12 bits available for
operand2

• If used directly this would only give a range of 4096.

* Instead it is used to store 8 bit constants, giving a range of 0 - 255.
* These 8 bits can then be rotated right through an even number of

positions (ie RORs by 0, 2, 4,..30).
• This gives a much larger range of constants that can be directly loaded, 

though some constants will still need to be loaded 
from memory.
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Second Operand :
Immediate Value (2)

* This gives us:
• 0 - 255 [0 - 0xff]

• 256,260,264,..,1020 [0x100-0x3fc, step 4, 0x40-0xff ror 30]

• 1024,1040,1056,..,4080 [0x400-0xff0, step 16, 0x40-0xff ror 28]

• 4096,4160, 4224,..,16320 [0x1000-0x3fc0, step 64, 0x40-0xff ror 26]

* These can be loaded using, for example:
• MOV r0, #0x40, 26 ; => MOV r0, #0x1000    (ie 4096)

* To make this easier, the assembler will convert to this form for us if 
simply given the required constant:

• MOV r0, #4096 ; => MOV r0, #0x1000    (ie 0x40 ror 26)

* The bitwise complements can also be formed using MVN:
• MOV r0, #0xFFFFFFFF ; assembles to MVN r0, #0

* If the required constant cannot be generated, an error will 
be reported.
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Loading full 32 bit constants

* Although the MOV/MVN mechansim will load a large range of constants 
into a register, sometimes this mechansim will not generate the required 
constant.

* Therefore, the assembler also provides a method which will load ANY 32 
bit constant:

• LDR rd,=numeric constant

* If the constant can be constructed using either a MOV or MVN then this 
will be the instruction actually generated.

* Otherwise, the assembler will produce an LDR instruction with a PC-
relative address to read the constant from a literal pool.

• LDR r0,=0x42 ; generates MOV r0,#0x42

• LDR r0,=0x55555555 ; generate LDR r0,[pc, offset to lit pool]

* As this mechanism will always generate the best instruction for a given 
case, it is the recommended way of loading constants.
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Multiplication Instructions

* The Basic ARM provides two multiplication instructions.
* Multiply

• MUL{<cond>}{S} Rd, Rm, Rs ; Rd = Rm * Rs

* Multiply Accumulate - does addition for free
• MLA{<cond>}{S} Rd, Rm, Rs,Rn ; Rd = (Rm * Rs) + Rn

* Restrictions on use:
• Rd and Rm cannot be the same register

– Can be avoid by swapping Rm and Rs around. This works because 
multiplication is commutative.

• Cannot use PC.

These will be picked up by the assembler if overlooked.
* Operands can be considered signed or unsigned

• Up to user to interpret correctly.
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Multiplication Implementation

* The ARM makes use of Booth’s Algorithm to perform integer 
multiplication. 

* On non-M ARMs this operates on 2 bits of Rs at a time.

• For each pair of bits this takes 1 cycle (plus 1 cycle to start with).

• However when there are no more 1’s left in Rs, the multiplication will 
early-terminate. 

* Example: Multiply 18 and -1 : Rd = Rm * Rs

* Note: Compiler does not use early termination criteria to 
decide on which order to place operands.

0 0 0 0 0 0 1 00 0 0 10 0 0 00 0 0 00 0 0 0 0 0 0 0 0 0 0 0

1 1 1 1 1 1 1 11 1 1 11 1 1 11 1 1 11 1 1 1 1 1 1 1 1 1 1 1

Rm

Rs

17 cycles

Rs

Rm

4 cycles

18

-1

18

-1
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Extended Multiply Instructions

* M variants of ARM cores contain extended multiplication 
hardware. This provides three enhancements:

• An 8 bit Booth’s Algorithm is used

– Multiplication is carried out faster (maximum for standard 
instructions is now 5 cycles).

• Early termination method improved so that now completes 
multiplication when all remaining bit sets contain 

– all zeroes (as with non-M ARMs), or

– all ones. 

Thus the previous example would early terminate in 2 cycles in 
both cases.

• 64 bit results can now be produced from two 32bit operands

– Higher accuracy.

– Pair of registers used to store result.
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Multiply-Long and
Multiply-Accumulate Long

* Instructions are
• MULL which gives RdHi,RdLo:=Rm*Rs              

• MLAL which gives RdHi,RdLo:=(Rm*Rs)+RdHi,RdLo

* However the full 64 bit of the result now matter (lower precision 
multiply instructions simply throws top 32bits away)

• Need to specify whether operands are signed or unsigned

* Therefore syntax of new instructions are:
• UMULL{<cond>}{S} RdLo,RdHi,Rm,Rs

• UMLAL{<cond>}{S} RdLo,RdHi,Rm,Rs

• SMULL{<cond>}{S} RdLo, RdHi, Rm, Rs

• SMLAL{<cond>}{S} RdLo, RdHi, Rm, Rs

* Not generated by the compiler.

Warning : Unpredictable on non-M ARMs.
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Quiz #3
1. Specify instructions which will implement the following:

a) r0 = 16 b) r1 = r0 * 4  

c) r0 = r1 / 16 ( r1 signed 2's comp.) d) r1 = r2 * 7

2. What will the following instructions do?

a) ADDS r0, r1, r1, LSL #2 b) RSB r2, r1, #0

3. What does the following instruction sequence do?
ADD r0, r1, r1, LSL #1

SUB r0, r0, r1, LSL #4

ADD r0, r0, r1, LSL #7
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Load / Store Instructions

* The ARM is a Load / Store Architecture:
• Does not support memory to memory data processing operations.

• Must move data values into registers before using them.

* This might sound inefficient, but in practice isn’t:
• Load data values from memory into registers.

• Process data in registers using a number of data processing 
instructions which are not slowed down by memory access.

• Store results from registers out to memory.

* The ARM has three sets of instructions which interact with main 
memory. These are:

• Single register data transfer (LDR / STR).

• Block data transfer (LDM/STM).

• Single Data Swap (SWP).
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Single register data transfer

* The basic load and store instructions are:
• Load and Store Word or Byte

– LDR / STR / LDRB / STRB

* ARM Architecture Version 4 also adds support for halfwords and signed 
data.

• Load and Store Halfword

– LDRH / STRH

• Load Signed Byte or Halfword - load value and sign extend it to 32 bits.

– LDRSB / LDRSH

* All of these instructions can be conditionally executed by inserting the 
appropriate condition code after STR / LDR.

• e.g. LDREQB

* Syntax:
• <LDR|STR>{<cond>}{<size>} Rd, <address>
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Load and Store Word or Byte:
Base Register

* The memory location to be accessed is held in a base register
• STR r0, [r1] ; Store contents of r0 to location pointed to

; by contents of r1.

• LDR r2, [r1] ; Load r2 with contents of memory location
; pointed to by contents of r1.

r1

0x200
Base

Register

Memory

0x50x200

r0

0x5
Source

Register
for STR

r2

0x5
Destination

Register
for LDR
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Load and Store Word or Byte:
Offsets from the Base Register

* As well as accessing the actual location contained in the base register, 
these instructions can access a location offset from the base register 
pointer.

* This offset can be
• An unsigned 12bit immediate value (ie 0 - 4095 bytes).

• A register, optionally shifted by an immediate value

* This can be either added or subtracted from the base register:
• Prefix the offset value or register with ‘+’ (default) or ‘-’.

* This offset can be applied:
• before the transfer is made: Pre-indexed addressing

– optionally auto-incrementing the base register, by postfixing the 
instruction with an ‘!’.

• after the transfer is made: Post-indexed addressing

– causing the base register to be auto-incremented.
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Load and Store Word or Byte:
Pre-indexed Addressing

* Example: STR r0, [r1,#12]

* To store to location 0x1f4 instead use: STR r0, [r1,#-12]

* To auto-increment base pointer to 0x20c use: STR r0, [r1, #12]!

* If r2 contains 3, access 0x20c by multiplying this by 4:
• STR r0, [r1, r2, LSL #2]

r1

0x200
Base

Register

Memory

0x5

0x200

r0

0x5
Source

Register
for STR

Offset

12 0x20c
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Load and Store Word or Byte:
Post-indexed Addressing

* Example: STR r0, [r1], #12

* To auto-increment the base register to location 0x1f4 instead use:
• STR r0, [r1], #-12

* If r2 contains 3, auto-incremenet base register to 0x20c by multiplying 
this by 4:

• STR r0, [r1], r2, LSL #2

r1

0x200
Original

Base
Register

Memory

0x50x200

r0

0x5
Source

Register
for STR

Offset

12 0x20c

r1

0x20c
Updated

Base
Register
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Load and Stores
with User Mode Privilege

* When using post-indexed addressing, there is a further form of 
Load/Store Word/Byte:

• <LDR|STR>{<cond>}{B}T Rd, <post_indexed_address>

* When used in a privileged mode, this does the load/store with user mode 
privilege.

• Normally used by an exception handler that is emulating a memory
access instruction that would normally execute in user mode.
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Example Usage of
Addressing Modes

* Imagine an array, the first element of which is pointed to by the contents 
of r0.

* If we want to access a particular element,
then we can use pre-indexed addressing:

• r1 is element we want.

• LDR r2, [r0, r1, LSL #2]

* If we want to step through every
element of the array, for instance
to produce sum of elements in the
array, then we can use post-indexed addressing within a loop:

• r1 is address of current element (initially equal to r0).

• LDR r2, [r1], #4

Use a further register to store the address of final element,
so that the loop can be correctly terminated.

0

1

2

3

element

0

4

8

12

Memory 
Offset

r0

Pointer to 
start of array
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Offsets for Halfword and 
Signed Halfword / Byte Access

* The Load and Store Halfword and Load Signed Byte or Halfword 
instructions can make use of pre- and post-indexed addressing in much 
the same way as the basic load and store instructions.

* However the actual offset formats are more constrained:
• The immediate value is limited to 8 bits (rather than 12 bits) giving an 

offset of 0-255 bytes.

• The register form cannot have a shift applied to it.
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Effect of endianess

* The ARM can be set up to access its data in either little or big
endian format. 

* Little endian:
• Least significant byte of a word is stored in bits 0-7 of an addressed 

word.

* Big endian:
• Least significant byte of a word is stored in bits 24-31 of an 

addressed word.

* This has no real relevance unless data is stored as words and then 
accessed in smaller sized quantities (halfwords or bytes).

• Which byte / halfword is accessed will depend on the endianess of 
the system involved.
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Endianess Example

Big-endianLittle-endian

r1 = 0x100

r0 =  0x11223344
31     24 23     16 15        8 7         0

11       22        33        44

31      24 23     16 15       8 7         0

11       22        33        44

31        24 23     16 15      8 7         0

44       33        22        11

31      24 23     16 15       8 7         0

00        00        00       44

31     24 23      16 15       8 7          0

00        00        00       11

r2 =  0x44 r2 =  0x11

STR r0, [r1]

LDRB r2, [r1]

r1 = 0x100Memory
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Quiz #4

* Write a segment of code that add together elements x to x+(n-1) of an 
array, where the element x=0 is the first element of the array.

* Each element of the array is word sized (ie. 32 bits).

* The segment should use post-indexed addressing.
* At the start of your segments, you should assume that:

• r0 points to the start of the array.

• r1 = x

• r2 = n

r0

x

x + 1

x + (n - 1)

Elements

{n elements

0
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Quiz #4 - Sample Solution

ADD r0, r0, r1, LSL#2 ; Set r0 to address of element x

ADD r2, r0, r2, LSL#2 ; Set r2 to address of element n+1

MOV r1, #0 ; Initialise counter

loop

LDR r3, [r0], #4 ; Access element and move to next

ADD r1, r1, r3 ; Add contents to counter

CMP r0, r2 ; Have we reached element x+n?

BLT loop ; If not - repeat for 

; next element

; on exit sum contained in r1



The ARM Instruction Set - ARM University Program - V1.0 54

Block Data Transfer (1)

Cond       1    0   0   P   U   S  W  L          Rn             Register list

Condition field Base register
Load/Store bit
0 = Store to memory
1 = Load from memory

Write- back bit
0 = no write-back
1 = write address into base

PSR and force user bit
0 = don’t load PSR or force user mode
1 = load PSR or force user mode

Up/Down bit
0 = Down; subtract offset from base
1 = Up ; add offset to base

Pre/Post indexing bit
0 = Post; add offset after transfer,
1 = Pre ; add offset before transfer

2831 22 16 023 21 1527 20 1924

Each bit corresponds to a particular 
register. For example:
• Bit 0 set causes r0 to be transferred.
• Bit 0 unset causes r0 not to be transferred.
At least one register must be 
transferred as the list cannot be empty.

* The Load and Store Multiple instructions (LDM / STM) allow betweeen 
1 and 16 registers to be transferred to or from memory.

* The transferred registers can be either:

• Any subset of the current bank of registers (default).

• Any subset of the user mode bank of registers when in a priviledged 
mode (postfix instruction with a ‘^’).
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Block Data Transfer (2)

* Base register used to determine where memory access should occur.
• 4 different addressing modes allow increment and decrement inclusive or 

exclusive of the base register location.

• Base register can be optionally updated following the transfer (by 
appending it with an ‘!’.

• Lowest register number is always transferred to/from lowest memory 
location accessed.

* These instructions are very efficient for
• Saving and restoring context

– For this useful to view memory as a stack.

• Moving large blocks of data around memory

– For this useful to directly represent functionality of the instructions.
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Stacks

* A stack is an area of memory which grows as new data is “pushed” onto 
the “top” of it, and shrinks as data is “popped” off the top.

* Two pointers define the current limits of the stack.

• A base pointer 

– used to point to the “bottom” of the stack (the first location).

• A stack pointer

– used to point the current “top” of the stack. 

SP
BASE

PUSH 
{1,2,3}

1

2

3

BASE

SP

POP

1

2
Result of 
pop = 3

BASE

SP
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Stack Operation

* Traditionally, a stack grows down in memory, with the last “pushed”
value at the lowest address. The ARM also supports ascending stacks, 
where the stack structure grows up through memory. 

* The value of the stack pointer can either:
• Point to the last occupied address (Full stack)

– and so needs pre-decrementing (ie before the push)

• Point to the next occupied address (Empty stack)

– and so needs post-decrementing (ie after the push)

* The stack type to be used is given by the postfix to the instruction:
• STMFD / LDMFD : Full Descending stack

• STMFA / LDMFA : Full Ascending stack.

• STMED / LDMED : Empty Descending stack

• STMEA / LDMEA : Empty Ascending stack

* Note: ARM Compiler will always use a Full descending stack.
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Stack Examples
STMFD sp!,

{r0,r1,r3-r5}

r5

r4

r3
r1

r0SP

Old SP

STMED sp!,
{r0,r1,r3-r5}

r5
r4
r3
r1
r0

SP

Old SP

r5
r4
r3
r1
r0

STMFA sp!,
{r0,r1,r3-r5}

SP

Old SP 0x400

0x418

0x3e8

STMEA sp!,
{r0,r1,r3-r5}

r5
r4
r3
r1
r0

SP

Old SP
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Stacks and Subroutines

* One use of stacks is to create temporary register workspace for 
subroutines. Any registers that are needed can be pushed onto the stack 
at the start of the subroutine and popped off again at the end so as to 
restore them before return to the caller :

STMFD sp!,{r0-r12, lr} ; stack all registers

........ ; and the return address

........

LDMFD sp!,{r0-r12, pc} ; load all the registers

; and return automatically

* See the chapter on the ARM Procedure Call Standard in the SDT 
Reference Manual for further details of register usage within 
subroutines.

* If the pop instruction also had the ‘S’ bit set (using ‘^’) then the transfer 
of the PC when in a priviledged mode would also cause the SPSR to be 
copied into the CPSR (see exception handling module).
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Direct functionality of
Block Data Transfer

* When LDM / STM are not being used to implement stacks, it is clearer to 
specify exactly what functionality of the instruction is:

• i.e. specify whether to increment / decrement the base pointer, before or 
after the memory access.

* In order to do this, LDM / STM support a further syntax in addition to 
the stack one: 

• STMIA / LDMIA : Increment After

• STMIB / LDMIB : Increment Before

• STMDA / LDMDA : Decrement After

• STMDB / LDMDB : Decrement Before
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Example: Block Copy

• Copy a block of memory, which is an exact multiple of 12 words long 
from the location pointed to by r12 to the location pointed to by r13. r14 
points to the end of block to be copied.

; r12 points to the start of the source data

; r14 points to the end of the source data

; r13 points to the start of the destination data

loop LDMIA r12!, {r0-r11} ; load 48 bytes

STMIA r13!, {r0-r11} ; and store them

CMP r12, r14 ; check for the end

BNE loop ; and loop until done

• This loop transfers 48 bytes in 31 cycles

• Over 50 Mbytes/sec at 33 MHz

r13

r14

r12

Increasing
Memory
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Quiz #5

* The contents of registers r0 to r6 need to be swapped around thus:
• r0 moved into r3

• r1 moved into r4

• r2 moved into r6

• r3 moved into r5

• r4 moved into r0

• r5 moved into r1

• r6 moved into r2

* Write a segment of code that uses full descending stack operations to 
carry this out, and hence requires no use of any other registers for 
temporary storage.
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Quiz #5 - Sample Solution

STMFD sp!,
{r0-r6}

LDMFD sp!,
{r3,r4,r6}

r3 = r0
r4 = r1
r6 = r2

LDMFD sp!,
{r5}

r5 = r3

LDMFD sp!,
{r0-r2}

r0 = r4
r1 = r5
r2 = r6

Old SP

r5
r4
r3
r2
r1

SP

r6

r0

r5
r4

SP

r6

r3

r5
SP

r6

r4

SP
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struc(on	
  set	
  does	
  not	
  contain	
  any	
  redundant	
  instruc(ons.	
  
That	
  is,	
  each	
  instruc(on	
  performs	
  a	
  unique	
  func(on,	
  and	
  
does	
   not	
   duplicate	
   the	
   func(on	
   of	
   another	
   instruc(on.	
  
Also,	
   the	
   opcode/operand	
   rela(onship	
   is	
   independent	
  
and	
  consistent	
  in	
  the	
  sense	
  that	
  any	
  operand	
  can	
  be	
  used	
  
with	
  any	
  opcode.	
  Ideally,	
  all	
  operands	
  can	
  equally	
  well	
  be	
  
u(lized	
   with	
   all	
   the	
   opcodes,	
   and	
   all	
   addressing	
   modes	
  
can	
   be	
   consistently	
   used	
  will	
   all	
   operands.	
   Basically,	
   the	
  
uniformity	
  offered	
  by	
  an	
  orthogonal	
  instruc(on	
  set	
  makes	
  
the	
  task	
  of	
  compiler	
  development	
  easier.	
  The	
   instruc(on	
  
set	
   should	
  be	
  complete	
  while	
  maintaining	
  a	
  high	
  degree	
  
of	
  orthogonality.	
  

—Sajjan	
  G.	
  Shiva,	
  Computer	
  Organiza0on,	
  Design,	
  and	
  Architecture,	
  Fourth	
  Edi0on	
  



The	
   orthogonality	
   of	
   an	
   instruc2on	
   set	
   is	
  
the	
   regularity	
   with	
   which	
   any	
   op-­‐code	
  
(without	
  data-­‐size	
  encoding	
  within	
  the	
  op-­‐
code	
  itself)	
  can	
  be	
  used	
  with	
  any	
  machine-­‐
primi2ve	
   data-­‐type	
   and	
   addressing	
   mode.	
  
The	
   orthogonality	
   of	
   the	
   instruc2on	
   set	
  
makes	
   the	
   architecture	
   easy	
   to	
   learn	
   and	
  
program.	
   It	
   reduces	
   the	
   2me	
   required	
   to	
  
write	
   programs	
   but	
   may	
   result	
   in	
   lower	
  
code	
  density.	
   Irregulari2es	
  adversely	
  affect	
  
code-­‐genera2on	
  efficiency.	
  
	
   	
   	
   	
   	
   	
   	
   	
   	
  Mahadevan	
  Ganapathi	
  &	
  James	
  R.	
  Goodman	
  





Повечето	
   съвременни	
   микропроцесори	
  
(включително	
  и	
  „ARM“)	
  имат	
  висока	
  сте-­‐
пен	
   на	
   ортогоналност	
   на	
   системата	
   ма-­‐
шинни	
   команди.	
   Но	
   при	
   x86	
   не	
   е	
   така.	
  
Например	
  при	
  8086	
  от	
  общо	
  96	
  команди	
  
ортогонални	
   са	
   само	
   36.	
   Това	
   се	
   дължи	
  
на	
  произхода	
  на	
  този	
  микропроцесор	
  от	
  
семейството	
  8008/8080/8085	
  с	
  регистър-­‐
акумулатор	
   (A,	
   превърнал	
   се	
   в	
   AL/AX	
   и	
  
регистрови	
  двойки	
  BC,	
  DE	
  и	
  HL,	
   превър-­‐
нали	
  се	
  в	
  BH:BL,	
  CH:CL	
  и	
  DH:DL	
  при	
  8086).	
  







Структура	
  на	
  МП:	
  Основни	
  функционални	
  блокове	
  в	
  МП.	
  
Вътрешни	
  шини.	
  Работа	
  на	
  конвейера.	
  	
  













































Системна	
  магистрала:	
  Сигнали	
  на	
  шините	
  за	
  адреси	
  и	
  данни.	
  Управляващи	
  
сигнали.	
  Организация	
  на	
  обмена	
  на	
  данни.	
  Видове	
  цикли.	
  Времедиаграми.	
  	
  







































































Устройство	
  за	
  плаваща	
  запетая:	
  Конвейери	
  за	
  умножение	
  и	
  натрупване,	
  делене	
  и	
  
коренуване	
  и	
  зареждане	
  и	
  съхранение.	
  Режими.	
  Обработка	
  на	
  къси	
  вектори.	
  

Регистров	
  файл.	
  Програмен	
  модел.	
  Команди.	
  Изключения.	
  	
  

















































Изключения	
  и	
  прекъсвания:	
  Изключения.	
  Прекъсвания	
  –	
  видове	
  и	
  връзка	
  с	
  
режимите	
  на	
  МП.	
  Таблица	
  на	
  векторите	
  на	
  изключенията	
  и	
  прекъсванията.	
  

Начално	
  установяване	
  на	
  МП.	
  	
  

























Устройство	
  за	
  управление	
  на	
  паметта:	
  Функции.	
  Регистри.	
  Транслация	
  на	
  
адресите.	
  Дескриптори.	
  Кеширане	
  и	
  буфериране.	
  Грешки.	
  Буфер	
  за	
  запис.	
  	
  























































Развитие	
  на	
  микропроцесорната	
  архитектура:	
  Развитие	
  на	
  МП	
  до	
  64-­‐битова	
  
архитектура.	
  Графични	
  процесори.	
  Многоядреност.	
  	
  











CPU Core Architecture Efficiency big.LITTLE Announced Available 
in devices Target 

Cortex-A73 ARMv8 (64-bit) 7.4-8.5 DMIPS/MHz Yes  
(with A53/A35) 2016 2017 High-end 

Cortex-A72 ARMv8 (64-bit) 6.3-7.3 DMIPS/MHz Yes  
(with A53/A35) 2015 2016 High-end 

Cortex-A57 ARMv8 (64-bit) 4,8 DMIPS/MHz Yes 
(with A53) 2012 2015 High-end 

Cortex-A53 ARMv8 (64-bit) 2,3 DMIPS/MHz Yes (with A57) 2012 2H 2014 Low power 

Cortex-A35 ARMv8 (64-bit) 2,1 DMIPS/MHz Yes (with A57/
A72) 2015 2H 2016 Low power 

Cortex-A17 ARMv7 (32-bit) 4,0 DMIPS/MHz Yes (with A7) 2014 2015 Mainstream 

Cortex-A15 ARMv7 (32-bit) 4,0 DMIPS/MHz Yes (with A7) 2010 Now High-end 

(Cortex-A12 ARMv7 (32-bit) 3,0 DMIPS/MHz - 2013 2H 2015 Mainstream) 

Cortex-A9 ARMv7 (32-bit) 2,5 DMIPS/MHz - 2007 Now (EOL) High-end 

Cortex-A8 ARMv7 (32-bit) 2,0 DMIPS/MHz - 2005 Now (EOL) High-end 

Cortex-A7 ARMv7 (32-bit) 1,9 DMIPS/MHz Yes (A15/A17) 2011 Now Low power 

Cortex-A5 ARMv7 (32-bit) 1,6 DMIPS/MHz - 2009 Now Low power 

Main features of ARM’s 64-bit Cortex-A series [51] 

6.1 Overview of ARM’s 64-bit Cortex-A series (6) 



6.1 Overview of ARM’s 64-bit Cortex-A series (8) 

Performance comparison: ARM’s Cortex-A72 vs. Intel’s Core-M [72] 



Cortex-A57/A53 performance -  compared to the Cortex-A15 [55] 

6.2.1 The high performance Cortex-A57 (12) 



Contrasting the Cortex-A53 and Cortex-A57 arithmetic pipelines 
  [Based on 54] 

6.2.1 The high performance Cortex-A57 (10) 

D: Decode 
R: Rename 
P: Dispatch 
I: Issue 
E: Execute 
WB: Write Back 

Note: Branch and Load/Store pipelines not shown 
(1x Load/Store pipeline for the Cortex A-53 and 
2x Load/Store and 1x Branch pipeline for the Cortex-A-57) 



6.2.5 The low power Cortex-A35 (6) 

Relative performance of the Cortex-A35 vs. the Cortex-A7 
  assuming the same process technology (28 nm) [90] 



















6.1 Overview of ARM’s 64-bit Cortex-A series (10) 

Up to 48 core server SoC based on the CoreLink CCN512 interconnect [72] 























Кратки	
  сведения	
  за	
  други	
  МП:	
  Условни	
  преходи	
  и	
  пренос	
  в	
  МП	
  без	
  РКУ	
  („Alpha“,	
  
MIPS).	
  МП	
  с	
  „регистров	
  прозорец“	
  (SPARC).	
  Програми	
  „Здравей,	
  свят!“	
  за	
  различни	
  

МП	
  и	
  операционни	
  системи	
  (ОС).	
  	
  

















Програми	
  „Здравей,	
  свят!“	
  

Следват	
  27	
  програми	
  „Здравей,	
  свят“	
  за	
  16	
  различ-­‐
ни	
   микропроцесорни	
   архитектури	
   и	
   19	
   различни	
  
операционни	
  системи,	
  повечето	
  написани	
  от	
  авто-­‐
ра	
  (други	
  частично	
  взаимствани	
  от	
  други	
  автори)	
  и	
  
изпробвани	
  лично	
  от	
  него	
  на	
  реални	
  компютри	
  (не	
  
емулатори).	
  Едноименните	
  архитектури	
  с	
  различна	
  
разрядност	
  (16,	
  32	
  и	
  64	
  бита)	
  се	
  броят	
  за	
  различни	
  
поради	
  голямата	
  разлика	
  в	
  зареждането	
  на	
  адреса	
  
на	
  низа,	
  начина	
  на	
  извикване	
  на	
  ядрото	
  или	
  систе-­‐
мата	
   от	
   команди.	
   В	
   програмите	
   не	
   са	
   използвани	
  
никакви	
  външни	
  обектни	
  файлове	
  или	
  библиотеки.	
  



 
 
 
 
 
 
 
 
 
 
 
 
hellodos.s      Програма „Здравей, свят!“ за 8086+ на MS-DOS (NASM) 
——————————————————————————————————————————————————————————————————————————————— 
org     0x100 
        MOV     AH,9 
        MOV     DX,MSG 
        INT     0x21 
        RET 
MSG:    DB      "Hello, world!",13,10,'$' 
 
 
 
 
 
 
 
 
 
 
 
 



 
 
helloos2.s      Програма „Здравей, свят!“ за i386+ на OS/2 / eCS (NASM) 
——————————————————————————————————————————————————————————————————————————————— 
; nasm -f obj helloos2.s 
; link386 /pm:vio helloos2,,nul,os2386; 
 
segment class=code use32 flat 
extern  Dos32Write,Dos32Exit 
..start: 
        PUSH    WRITTEN 
        PUSH    LEN 
        PUSH    MSG 
        PUSH    1 
        CALL    Dos32Write 
        PUSH    0 
        PUSH    0 
        CALL    Dos32Exit 
 
segment class=data use32 flat 
MSG:    db      "Hello, world!",13,10 
LEN     equ     $ - MSG 
WRITTEN:resd    1 
 
segment class=stack stack use32 flat 
        resd    1024 
 
segment bss class=bss use32 
        resd    1 
 
group   dgroup  bss 
 



 
 
 
 
 
 
 
hellowin.s      Програма „Здравей, свят!“ за i386+ на Windows (gas) 
——————————————————————————————————————————————————————————————————————————————— 
# as -o hellowin.obj hellowin.s; golink -console hellowin.obj kernel32.dll 
 
.global Start 
Start:                                  # Входна точка 
        PUSHL   $-11                    # STD_OUTPUT_HANDLE (стандартен изход) 
        CALL    GetStdHandle            # Върни № на файловия дескриптор 
        PUSHL   $0                      # Запасен аргумент, трябва да бъде NULL 
        PUSHL   $WRITTEN                # Брой действително записани байтове 
        PUSHL   $LEN                    # Дължина на низа (UTF-8) 
        PUSHL   $MSG                    # Адрес на низа 
        PUSHL   %EAX                    # № на дескриптора на стандартния изход 
        CALL    WriteConsoleA           # Функцията премахва от стека 20 байта 
        CALL    ExitProcess             # Завършване на процеса 
.data 
MSG:    .ascii  "Здравей, свят!\n\n"    # CHCP 65001, за да се види този текст 
        LEN = . - MSG 
WRITTEN:.int    0 
 
 
 
 
 
 



 
 
 
 
 
 
 
 
hellobsd.s      Програма „Здравей, свят!“ за i386+ на BSD/OS (gas) 
——————————————————————————————————————————————————————————————————————————————— 
.globl  _start,main 
_start:                  # Входна точка 
main:                    # Точка на прекъсване на gdb 
        PUSH    $LEN     # Дължина на низа (UTF-8) 
        PUSH    $MSG     # Адрес на низа 
        PUSH    $1       # Файлов дескриптор 1: stdout (стандартен изход) 
        SUB     $4,%ESP  # BSD изисква още 1 дума в стека 
        MOV     $4,%EAX  # SYS_write (запис: /usr/include/sys/syscall.h) 
        LCALL   $7,$0    # Извикай съответната функция на ядрото на ОС 
        MOV     $1,%EAX  # SYS_exit (завършване на процеса) 
        LCALL   $7,$0 
.data 
MSG:    .ascii "Здравей, свят!\n\n" 
        LEN = . - MSG 
 
 
 
 
 
 
 
 



 
 
 
 
 
 
 
 
hellounx.s      Програма „Здравей, свят!“ за i386+ (as на UnixWare) 
——————————————————————————————————————————————————————————————————————————————— 
.globl  _start,main 
_start:                 # Входна точка 
main:                   # Точка на прекъсване на debug 
        push    $LEN    # Дължина на низа (UTF-8) 
        push    $MSG    # Адрес на низа 
        push    $1      # Файлов дескриптор 1: stdout (стандартен изход) 
        sub     $4,%esp # Unixware като BSD изисква още 1 дума в стека 
        mov     $4,%eax # SYS_write (запис: /usr/include/sys/syscall.h) 
        lcall   $7,$0   # Извикай съответната функция на ядрото на ОС 
        mov     $1,%eax # SYS_exit (завършване на процеса) 
        lcall   $7,$0 
.data 
MSG:    .ascii "Здравей, свят!\n\n" 
        LEN = . - MSG 
 
 
 
 
 
 
 
 



 
 
 
 
 
 
 
 
hellomac.s      Програма „Здравей, свят!“ за i386+ на Mac OS X (gas) 
——————————————————————————————————————————————————————————————————————————————— 
.globl  start,main 
start:                   # Входна точка 
main:                    # Точка на прекъсване на gdb 
        PUSH    $LEN     # Дължина на низа (UTF-8) 
        PUSH    $MSG     # Адрес на низа 
        PUSH    $1       # Файлов дескриптор 1: stdout (стандартен изход) 
        SUB     $4,%ESP  # Mac OS X (и BSD въобще) изискват още 1 дума в стека 
        MOV     $4,%EAX  # SYS_write (запис: /usr/include/sys/syscall.h) 
        INT     $0x80    # Извикай съответната функция на ядрото на ОС 
        MOV     $1,%EAX  # SYS_exit (завършване на процеса) 
        INT     $0x80 
.data 
MSG:    .ascii "Здравей, свят!\n\n" 
        LEN = . - MSG 
 
 
 
 
 
 
 
 



 
 
 
 
 
 
 
hellofbs.s      Програма „Здравей, свят!“ за i386+ на FreeBSD (gas) 
——————————————————————————————————————————————————————————————————————————————— 
.globl  _start,main 
_start:                  # Входна точка 
main:                    # Точка на прекъсване на gdb 
        PUSH    %EBP     # „Зацепка“ за gdb, за да влезе в стъпков режим 
        MOV     %ESP,%EBP 
        PUSH    $LEN     # Дължина на низа (UTF-8) 
        PUSH    $MSG     # Адрес на низа 
        PUSH    $1       # Файлов дескриптор 1: stdout (стандартен изход) 
        SUB     $4,%ESP  # BSD изисква още 1 дума в стека 
        MOV     $4,%EAX  # SYS_write (запис: /usr/include/sys/syscall.h) 
        INT     $0x80    # Извикай съответната функция на ядрото на ОС 
        MOV     $1,%EAX  # SYS_exit (завършване на процеса) 
        INT     $0x80 
.data 
MSG:    .ascii "Здравей, свят!\n\n" 
        LEN = . - MSG 
 
 
 
 
 
 
 



 
 
 
helloopn.s      Програма „Здравей, свят!“ за i386+ на OpenBSD (gas) 
——————————————————————————————————————————————————————————————————————————————— 
# as -o helloopn.o helloopn.s 
# ld --dynamic-linker /usr/libexec/ld.so -o helloopn helloopn.o 
 
.globl  _start,main 
_start:                  # Входна точка 
main:                    # Точка на прекъсване на gdb 
        PUSH    %EBP    # „Зацепка“ за gdb, за да влезе в стъпков режим 
        MOV     %ESP,%EBP 
        PUSH    $LEN     # Дължина на низа (UTF-8) 
        PUSH    $MSG     # Адрес на низа 
        PUSH    $1       # Файлов дескриптор 1: stdout (стандартен изход) 
        SUB     $4,%ESP  # BSD изисква още 1 дума в стека 
        MOV     $4,%EAX  # SYS_write (запис: /usr/include/sys/syscall.h) 
        INT     $0x80    # Извикай съответната функция на ядрото на ОС 
        MOV     $1,%EAX  # SYS_exit (завършване на процеса) 
        INT     $0x80 
.data 
MSG:    .ascii "Здравей, свят!\n\n" 
        LEN = . - MSG 
 
.section ".note.netbsd.ident", "a", %note 
        .p2align 2 
        .int    8,4,1 
        .asciz  "OpenBSD" 
        .int    0 
 
 



 
 
 
 
 
 
 
 
 
hello386.s      Програма „Здравей, свят!“ за i386+ на Linux (gas) 
——————————————————————————————————————————————————————————————————————————————— 
.global _start,main 
_start:                  # Входна точка 
main:                    # Точка на прекъсване на gdb 
        MOV     $4,%EAX  # SYS_write (запис: /usr/include/{архит.}/asm/unistd.h 
        MOV     $1,%EBX  # Файлов дескриптор 1: stdout (стандартен изход) 
        MOV     $MSG,%ECX# Адрес на низа 
        MOV     $LEN,%EDX# Дължина на низа (UTF-8) 
        INT     $0x80    # Извикай съответната функция на ядрото на ОС 
        MOV     $1,%EAX  # SYS_exit (завършване на процеса) 
        INT     $0x80 
.data 
MSG:    .ascii "Здравей, свят!\n\n" 
        LEN = . - MSG 
 
 
 
 
 
 
 
 



 
 
 
 
 
 
 
hellomnx.s      Програма „Здравей, свят!“ за i386+ на MINIX 3 (gas) 
——————————————————————————————————————————————————————————————————————————————— 
.globl  _start          # Входна точка 
_start: 
        MOV     $1,%EAX # Получател на съобщението 
        MOV     $MSG_write,%EBX # Указател към структурата на съобщението 
        MOV     $3,%ECX # SENDREC (прм-прд, вж. /usr/include/minix/ipcconst.h) 
        INT     $0x21   # Предай съобщение на микроядрото чрез SYS386_VECTOR 
        MOV     $MSG_exit,%EBX 
        MOV     $3,%ECX 
        INT     $0x21 
.data 
STR:    .ascii  "Здравей, свят!\n\n" 
MSG_write:      # 4: WRITE (/usr/include/minix/callnr.h), 1: stdout (станд.изх. 
.int    0,4,1, MSG_write - STR, 0,STR   # Адрес на записвания низ 
.space  8       # Цялото съобщение е 32 байта; дотук са 24, значи остават още 8 
MSG_exit: 
.int    0,1     # 1: EXIT (завърши процеса, вж. /usr/include/minix/callnr.h) 
.space  24      # Допълни до 32 байта (32 - 8 = 24) 
 
 
 
 
 
 



 
 
 
 
 
 
 
 
helloind.s      Програма „Здравей, свят!“ за AMD64 на OpenIndiana (gas) 
——————————————————————————————————————————————————————————————————————————————— 
# as --64 -o helloind.o helloind.s && ld -m elf_x86_64 -o helloind helloind.o 
 
.global _start,main 
_start:                     # Входна точка 
main:                       # Точка на прекъсване на gdb 
        MOV     $4,%RAX     # SYS_write (запис: вж. /usr/include/sys/syscall.h) 
        MOV     $1,%RDI     # Файлов дескриптор 1: stdout (стандартен изход) 
        LEA     MSG,%RSI    # Адрес на низа 
        MOV     $LEN,%RDX   # Дължина на низа (UTF-8) 
        SYSCALL             # Извикай съответната функция на ядрото на ОС 
        MOV     $1,%EAX     # SYS_exit (завършване на процеса) 
        SYSCALL 
.data 
MSG:    .ascii "Здравей, свят!\n\n" 
        LEN = . - MSG 
 
 
 
 
 
 
 



 
 
 
 
 
 
hellom64.s      Програма „Здравей, свят!“ за AMD64 на Mac OS X (gas) 
——————————————————————————————————————————————————————————————————————————————— 
# as -o hellom64.o hellom64.s 
# ld -macosx_version_min 10.7 -o hellom64 hellom64.o 
# 
# 2 и 24 по-долу са SYSCALL_CLASS_UNIX и SYSCALL_CLASS_SHIFT, дефинирани в 
# http://opensource.apple.com/source/xnu/xnu-1228/osfmk/mach/i386/syscall_sw.h 
 
.globl  start,main 
start:                              # Входна точка 
main:                               # Точка на прекъсване на gdb 
        MOV     $(2 << 24 | 4),%RAX # SYS_write (/usr/include/sys/syscall.h) 
        MOV     $1,%RDI             # Файлов дескриптор 1: стандартен изход 
        LEA     MSG(%RIP),%RSI      # Адрес на низа 
        MOV     LEN(%RIP),%RDX      # Дължина на низа (UTF-8) 
        SYSCALL                     # Извикай съответната функция на ядрото 
        MOV     $(2 << 24 | 1),%RAX # SYS_exit (завършване на процеса) 
        SYSCALL 
.data 
MSG:    .ascii  "Здравей, свят!\n\n" 
LEN:    .long   . - MSG 
 
 
 
 
 



 
 
 
 
 
 
 
 
 
helloarm.s      Програма „Здравей, свят!“ за ARM на Linux (gas) 
——————————————————————————————————————————————————————————————————————————————— 
.global _start,main 
_start:                 // Входна точка 
main:                   // Точка на прекъсване на gdb 
        MOV     R7,#4   // SYS_write (запис: /usr/include/{архит.}/asm/unistd.h 
        MOV     R0,#1   // Файлов дескриптор 1: stdout (стандартен изход) 
        LDR     R1,=MSG // Адрес на низа 
        MOV     R2,#LEN // Дължина на низа (UTF-8) 
        SWI     0       // Извикай съответната функция на ядрото на ОС 
        MOV     R7,#1   // SYS_exit (завършване на процеса) 
        SWI     0 
.data 
MSG:    .ascii "Здравей, свят!\n\n" 
        LEN = . - MSG 
 
 
 
 
 
 
 
 



 
 
 
 
 
 
 
hellonet.s      Програма „Здравей, свят!“ за ARM на NetBSD (gas) 
——————————————————————————————————————————————————————————————————————————————— 
.global _start,main 
_start:                 // Входна точка 
main:                   // Точка на прекъсване на gdb 
        MOV     R0,#1   // Файлов дескриптор 1: stdout (стандартен изход) 
        LDR     R1,=MSG // Адрес на низа 
        MOV     R2,#LEN // Дължина на низа (UTF-8) 
        SWI     0xA00004// 4: SYS_write (запис, вж. /usr/include/sys/syscall.h) 
        SWI     0xA00001// 1: SYS_exit (завършване на процеса) 
.data 
MSG:    .ascii "Здравей, свят!\n\n" 
        LEN = . - MSG 
 
.section ".note.netbsd.ident", "a", %note 
        .int    7,4,1 
        .ascii  "NetBSD" 
        .p2align 2 
        .int    102000000//Версия 1.2 е първата, пренесена на ARM 
 
 
 
 
 
 



 
 
 
 
 
 
 
 
helloa64.s      Програма „Здравей, свят!“ за ARM64 на FreeBSD (clang) 
——————————————————————————————————————————————————————————————————————————————— 
# FreeBSD: clang -c -o helloa64.o helloa64.s; ld -o helloa64 helloa64.o 
 
.global _start,main 
_start:                 // Входна точка 
main:                   // Точка на прекъсване на gdb 
        MOV     X8,#4   // SYS_write (запис: /usr/include/sys/syscall.h) 
        MOV     X0,#1   // Файлов дескриптор 1: stdout (стандартен изход) 
        LDR     X1,=MSG // Адрес на низа 
        MOV     X2,#27  // Дължина на низа (UTF-8) 
        SVC     0       // Извикай съответната функция на ядрото на ОС 
        MOV     X8,#1   // SYS_exit (завършване на процеса) 
        SVC     0 
.data 
MSG:    .ascii "Здравей, свят!\n\n" 
 
 
 
 
 
 
 
 



 
 
 
 
 
 
 
 
 
helloaa6.s      Програма „Здравей, свят!“ за ARM64 на Linux (gas) 
——————————————————————————————————————————————————————————————————————————————— 
.global _start,main 
_start:                 // Входна точка 
main:                   // Точка на прекъсване на gdb 
        MOV     X8,#64  // SYS_write (запис: /usr/include/asm-generic/unistd.h) 
        MOV     X0,#1   // Файлов дескриптор 1: stdout (стандартен изход) 
        LDR     X1,=MSG // Адрес на низа 
        MOV     X2,#LEN // Дължина на низа (UTF-8) 
        SVC     0       // Извикай съответната функция на ядрото на ОС 
        MOV     X8,#93  // SYS_exit (завършване на процеса) 
        SVC     0 
.data 
MSG:    .ascii "Здравей, свят!\n\n" 
        LEN = . - MSG 
 
 
 
 
 
 
 
 



 
 
 
 
 
 
 
 
helloppc.s      Програма „Здравей, свят!“ за PowerPC на Mac OS X (gas) 
——————————————————————————————————————————————————————————————————————————————— 
.globl  start,_main 
start:                          ; Входна точка 
_main:                          ; Точка на прекъсване на gdb 
        li      r0,4            ; SYS_write (запис: /usr/include/sys/syscall.h) 
        li      r3,1            ; Файлов дескриптор 1: stdout (стандартен изход 
        lis     r4,hi16(MSG)    ; Зареди старшата част на адреса на низа, << 16 
        addi    r4,r4,lo16(MSG) ; Добави младшата му част 
        li      r5,27           ; Дължина на низа (UTF-8) 
        sc                      ; Извикай съответната функция на ядрото на ОС 
        nop                     ; Ще бъде прескочена при успешен SC (SysCall) 
        li      r0,1            ; SYS_exit (завършване на процеса) 
        sc 
.data 
MSG:    .ascii "Здравей, свят!\n\n" 
 
 
 
 
 
 
 
 



helloaix.s      Програма „Здравей, свят!“ за POWER (as на AIX 7.1-1115) 
——————————————————————————————————————————————————————————————————————————————— 
# as -a64 -o helloaix.o helloaix.s && ld -b64 -o helloaix helloaix.o 
# Дългият пролог е необходим, за да работи командата "start" на gdb. 
# ВНИМАНИЕ: Номерата на системните извиквания важат само за AIX версия 
# 7100-00-03-1115 (oslevel -s), и то само за 64-битови програми! 
 
.csect  main[DS] 
.globl  __start 
__start:                # Входна точка 
.llong  .main 
.csect  .text[PR] 
.globl  .main 
.main:                  # Точка на прекъсване на gdb 
        la      4,T.MSG(2) # Адрес на низа 
        li      2,312   # write (запис – вж. забележката за номерата по-горе!) 
        li      3,1     # Файлов дескриптор 1: stdout (стандартен изход) 
        li      5,LEN   # Дължина на низа (UTF-8) 
        bl      l1      # Върни адреса на mflr в lr 
l1:     mflr    6       # Има още 4 команди до командата след svca; 
        addi    6,6,4*4 # затова коригирай адреса в lr с 4 × 4, 
        mtlr    6       # та да указва към нея. 
        svca    0       # Извикай съответната функция на ядрото на ОС 
        li      2,52    # exit (завършване на процеса – вж. забележката за №№) 
        svca    0 
.csect  .data[RW] 
MSG:    .byte   "Здравей, свят!" 
        .byte   10,10 
.set    LEN,$ - MSG 
.align  3 
.toc 
T.MSG:  .tc     MSG[TC],MSG 



 
 
 
 
 
 
 
 
 
 
helloirx.s      Програма „Здравей, свят!“ за MIPS32 (as на Irix) 
——————————————————————————————————————————————————————————————————————————————— 
 # as -nocpp -non_shared helloirx.s; ld -non_shared -o helloirx helloirx.o 
 
        li      $4,1    # Файлов дескриптор 1: stdout (стандартен изход) 
        la      $5,MSG  # Адрес на низа 
        li      $6,27   # Дължина на низа (UTF-8) 
        li      $2,1004 # SYS_write (запис: /usr/include/sys.s) 
        syscall         # Извикай съответната функция на ядрото на ОС 
        li      $2,1001 # SYS_exit (завършване на процеса) 
        syscall 
.data 
MSG:    .ascii  "Здравей, свят!\n\n" 
 
 
 
 
 
 
 
 
 



 
 
 
 
 
 
 
 
 
 
helloi64.s      Програма „Здравей, свят!“ за MIPS64 (as на Irix) 
——————————————————————————————————————————————————————————————————————————————— 
 # as -64 -nocpp -non_shared helloirx.s; ld -non_shared -o helloirx helloirx.o 
 
        li      $4,1    # Файлов дескриптор 1: stdout (стандартен изход) 
        dla     $5,MSG  # Адрес на низа 
        li      $6,27   # Дължина на низа (UTF-8) 
        li      $2,1004 # SYS_write (запис: /usr/include/sys.s) 
        syscall         # Извикай съответната функция на ядрото на ОС 
        li      $2,1001 # SYS_exit (завършване на процеса) 
        syscall 
.data 
MSG:    .ascii  "Здравей, свят!\n\n" 
 
 
 
 
 
 
 
 
 



 
 
 
 
 
 
 
 
 
hellosun.s      Програма „Здравей, свят!“ за SPARC на Solaris (gas) 
——————————————————————————————————————————————————————————————————————————————— 
.globl  _start,main 
_start:                 ! Входна точка 
main:                   ! Точка на прекъсване на gdb 
        MOV     1,%o0   ! Файлов дескриптор 1: stdout (стандартен изход) 
        SET     MSG,%o1 ! Адрес на низа 
        MOV     LEN,%o2 ! Дължина на низа (UTF-8) 
        MOV     4,%g1   ! SYS_write (запис: /usr/include/sys/syscall.h) 
        TA      8       ! Извикай съответната функция на ядрото на ОС 
        MOV     1,%g1   ! SYS_exit (завършване на процеса) 
        TA      8 
.data 
MSG:    .ascii "Здравей, свят!\n\n" 
        LEN = . - MSG 
 
 
 
 
 
 
 
 



 
 
 
 
 
 
 
hellos64.s      Програма „Здравей, свят!“ за SPARC64 на Solaris (gas) 
——————————————————————————————————————————————————————————————————————————————— 
! as -Av9 -64 -o hellos64.o hellos64.s 
! ld -Av9 -m elf64_sparc -o hellos64 hellos64.o 
 
.globl  _start,main 
_start:                 ! Входна точка 
main:                   ! Точка на прекъсване на gdb 
        MOV     1,%o0   ! Файлов дескриптор 1: stdout (стандартен изход) 
        SETX    MSG,%o2,%o1 ! Адрес на низа 
        MOV     LEN,%o2 ! Дължина на низа (UTF-8) 
        MOV     4,%g1   ! SYS_write (запис: /usr/include/sys/syscall.h) 
        TA      0x40    ! Извикай съответната функция на ядрото на ОС 
        MOV     1,%g1   ! SYS_exit (завършване на процеса) 
        TA      0x40 
.data 
MSG:    .ascii "Здравей, свят!\n\n" 
        LEN = . - MSG 
 
 
 
 
 
 
 



 
 
 
 
 
 
hellopar.s      Програма „Здравей, свят!“ за PA-RISC (as на HP-UX) 
——————————————————————————————————————————————————————————————————————————————— 
.code 
.export $START$ 
$START$                         ; Входна точка 
        LDIL    0x180000,%r18   ; 0x180000 << 11 = 0xC0000000, база на спод.об. 
        LDI     4,%r22          ; SYS_write (/usr/include/sys/scall_define.h) 
        LDI     1,%r26          ; Файлов дескриптор 1: stdout (стандартен изход 
        LDIL    L%MSG,%r25      ; Зареди старшата част на адреса на низа, << 11 
        LDO     R%MSG(%r25),%r25; Добави младшите му 11 бита като отместване 
        BE,L    4(%sr7,%r18)    ; Извикай функцията на ядрото на ОС (отложено) 
        LDI     27,%r24         ; Дължина на низа (изпълнява се преди BE,L!) 
        BE      4(%sr7,%r18) 
        LDI     1,%r22          ; SYS_exit (завършване; изпълнява се преди BE) 
.data 
MSG     .string "Здравей, свят!\n\n" 
 
        .subspa $UNWIND_END$,access=0x1F 
        .export $UNWIND_END 
$UNWIND_END 
 
 
 
 
 
 



 
 
 
 
 
 
hellop64.s      Програма „Здравей, свят!“ за PA-RISC64 (as на HP-UX) 
——————————————————————————————————————————————————————————————————————————————— 
; as -o hellop64.o hellop64.s; ld -noshared -o hellop64 hellop64.o 
 
.level  2.0w 
.code 
.export $START$ 
$START$                         ; Входна точка 
        ADDI    MSG-$START$-3,%r31,%r25; Адрес на низа 
        LDI     1,%r26          ; Файлов дескриптор 1: stdout (стандартен изход 
        LDD     T%MSG(%r30),%r1 ; Предотврати "cannot execute binary file" 
        LDI     4,%r22          ; SYS_write (/usr/include/sys/scall_define.h) 
        LDIL    L%0x60000800,%r1 
        ADD     %r1,%r1,%r18    ; 2 * 0x60000800 = 0xC0001000 
        BE,L    0(%sr4,%r18)    ; Извикай функцията на ядрото на ОС (отложено) 
        LDI     27,%r24         ; Дължина на низа (изпълнява се преди BE,L!) 
        BE      0(%sr4,%r18) 
        LDI     1,%r22          ; SYS_exit (завършване; изпълнява се преди BE) 
 
MSG     .string "Здравей, свят!\n\n" 
 
 
 
 
 
 



 
 
 
 
 
 
 
 
hellovax.s      Програма „Здравей, свят!“ за VAX на Ultrix (gas) 
——————————————————————————————————————————————————————————————————————————————— 
.globl  _start 
_start: 
        .word   0       # Входна маска (gas няма директива .entry) 
        PUSHL   $LEN    # Дължина на низа (UTF-8) 
        PUSHAL  MSG     # Адрес на низа 
        PUSHL   $1      # Файлов дескриптор 1: stdout (стандартен изход) 
        PUSHL   $3      # Брой аргументи 
        MOVL    SP,AP   # Направи SP указател към аргументите 
        CHMK    $4      # SYS_write (запис: /usr/sys/h/syscall.h) 
        PUSHL   $0 
        MOVL    SP,AP 
        CHMK    $1      # SYS_exit (завършване на процеса) 
.data 
MSG:    .ascii "Здравей, свят!\n\n" 
        LEN     = . - MSG 
 
 
 
 
 
 
 



 
 
 
 
 
 
hellotru.s      Програма „Здравей, свят!“ за Alpha (α; as на Tru64) 
——————————————————————————————————————————————————————————————————————————————— 
.globl  main 
.ent    main 
main:                   # Входна точка и точка на прекъсване на gdb 
        ldah    $29,0($27)!gpdisp!1 # pv ($27) не е валиден => и gp ($29) не е, 
        lda     $29,0($29)!gpdisp!1 # но без този пролог b main (gdb) не работи 
        br      $27,l1  # Върни програмния брояч pc в pv (procedure value) 
l1:     ldgp    $29,0($27)  # as разширява този макрос като ldah/lda по-горе 
        ldah    $17,MSG($29)!gprelhigh!2 # Ст.16 б. на 32-б. знаково отм. от gp 
        lda     $17,MSG($17)!gprellow!2  # Младши 16 бита на горното отместване 
        ldil    $16,1   # Файлов дескриптор 1: stdout (стандартен изход) 
        ldil    $18,27  # Дължина на низа (UTF-8) 
        ldil    $0,4    # SYS_write (запис: /usr/include/sys/syscall.h) 
        call_pal 0x83   # Извикай съответната функция на ядрото на ОС 
        ldil    $0,1    # SYS_exit (завършване на процеса) 
        call_pal 0x83 
.end    main 
.data 
MSG:    .ascii  "Здравей, свят!\n\n" 
 
 
 
 
 
 



 
 
 
 
 
 
 
 
 
 
 
hellovms.mar    Програма „Здравей, свят!“ за IA-64/α на OpenVMS (MACRO) 
——————————————————————————————————————————————————————————————————————————————— 
.psect  data    wrt,noexe 
MSG:    .ascid  "Hello, Itanium!"<13><10> 
 
.psect  code    nowrt,exe 
.entry  start,0 
        PUSHAQ  MSG 
        CALLS   #1,G^LIB$PUT_OUTPUT 
        RET 
.end    start 
 
 
 
 
 
 
 
 
 
 




