
Lab3: Machine Language and 
Assembly Programming 
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Goal 

Learn how   
 
•  instructions are executed 
•  registers are used 
•  to write subroutines in assembly language 
•  to pass  and return arguments from subroutines 
•  the stack is used 
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Programmers vs. computers 

•  Programmers can write programs in a high-level 
programming language, or assembly language 

•  Computers can only execute programs written in their 
own native language (machine code) 
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Programming 
High-level language (we don’t need to know the architecture) 

Machine language (native to 
the architecture) 

Assembly language (we need to know the architecture) 

Specific to the target processor 
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MicroBlaze Architecture 
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Chapter 1: MicroBlaze ArchitectureR

Overview
The MicroBlaze™ embedded processor soft core is a reduced instruction set computer (RISC) 
optimized for implementation in Xilinx® Field Programmable Gate Arrays (FPGAs). Figure 1-1 
shows a functional block diagram of the MicroBlaze core.

Features
The MicroBlaze soft core processor is highly configurable, allowing you to select a specific set of 
features required by your design. 

The fixed feature set of the processor includes:

• Thirty-two 32-bit general purpose registers
• 32-bit instruction word with three operands and two addressing modes
• 32-bit address bus
• Single issue pipeline

In addition to these fixed features, the MicroBlaze processor is parameterized to allow selective 
enabling of additional functionality. Older (deprecated) versions of MicroBlaze support a subset of 
the optional features described in this manual. Only the latest (preferred) version of MicroBlaze 
(v7.10) supports all options. 

Xilinx recommends that all new designs use the latest preferred version of the MicroBlaze 
processor. 

Table 1-1, page 11 provides an overview of the configurable features by Microblaze versions.

Figure 1-1: MicroBlaze Core Block Diagram
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Machine Language 

•  Processor can only execute machine instructions 
•  The instructions reside in the memory along with data 
•  Machine instruction is a sequence of bits 

•  There is a set of machine instructions that are supported by 
a given computer architecture (Instruction Set) 

 
 

 

00001 

Opcode Operand (register) Operand (memory) 

011 101010111101110 
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Example 

•  a=b+c;	
1.  Load variable b from memory into register1	
2.  Load variable c from memory into register2	
3.  Perform the addition register1+register2	and store the 

result in register3	
4.  Store register3 to the memory address of variable a	

Each step translates into one machine instruction 
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!= Inequality comparison

> Greater than comparison

>= Greater than or equal comparison

< Less than comparison

<= Less than or equal comparison

+ Arithmetic add

* Arithmetic multiply

/ Arithmetic divide

>> x Bit shift right x bits

<< x Bit shift left x bits

and Logic AND

or Logic OR

xor Logic exclusive OR

op1 if cond else op2 Perform op1 if condition cond is true, else perform op2

& Concatenate. E.g. “0000100 & Imm7” is the concatenation of the fixed field “0000100” and a 7 bit 
immediate value.

signed Operation performed on signed integer data type. All arithmetic operations are performed on signed 
word operands, unless otherwise specified

unsigned Operation performed on unsigned integer data type

float Operation performed on floating point data type

Table 1-5: Instruction Set Nomenclature (Continued)

Symbol Description

Table 1-6: MicroBlaze Instruction Set Summary  

Type A 0-5 6-10 11-15 16-20 21-31
Semantics

Type B 0-5 6-10 11-15 16-31

ADD Rd,Ra,Rb 000000 Rd Ra Rb 00000000000 Rd := Rb + Ra

RSUB Rd,Ra,Rb 000001 Rd Ra Rb 00000000000 Rd := Rb + Ra + 1

ADDC Rd,Ra,Rb 000010 Rd Ra Rb 00000000000 Rd := Rb + Ra + C

RSUBC Rd,Ra,Rb 000011 Rd Ra Rb 00000000000 Rd := Rb + Ra + C

ADDK Rd,Ra,Rb 000100 Rd Ra Rb 00000000000 Rd := Rb + Ra

RSUBK Rd,Ra,Rb 000101 Rd Ra Rb 00000000000 Rd := Rb + Ra + 1

ADDKC Rd,Ra,Rb 000110 Rd Ra Rb 00000000000 Rd := Rb + Ra + C

RSUBKC Rd,Ra,Rb 000111 Rd Ra Rb 00000000000 Rd := Rb + Ra + C
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Registers 

•  Thirty two 32-bit general purpose registers, r0-r31	
•  r0 is a read-only register containing the value 0	
•  A set of special purpose registers 

–  rpc, Program Counter  
•  keeps the address of the instruction being executed  
•  special purpose register 0	
•  can be read with an MFS instruction 

–  rmsr, Machine Status Register 
•  contains control and status bits for the processor  
•  special purpose register 1	
•  can be accessed with both MFS and MTS instructions 
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Register Usage Conventions 
Dedicated 

r0	 Keeps value zero 
r1	 Stack pointer 
r14	 Return address for interrupts 
r15	 Return address for subroutines 
r18	 Assembler temporary 

Volatile 
r3-r4	 Return values/ Temporaries 
r5-r10	 Passing parameters/Temporaries 
r11-r12	 Temporaries 

Non-volatile 
r19-r31	 Saved across function calls 

Volatile 
–  Do not retain values 

across function calls  
–  Store temporary results 
–  Passing parameters/ 

Return values 

Non-volatile 
–  Must be saved across 

function calls 
–  Saved by callee 
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General Purpose Registers 
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Instructions
All MicroBlaze instructions are 32 bits and are defined as either Type A or Type B. Type A 
instructions have up to two source register operands and one destination register operand. Type B 
instructions have one source register and a 16-bit immediate operand (which can be extended to 32 
bits by preceding the Type B instruction with an imm instruction). Type B instructions have a single 
destination register operand. Instructions are provided in the following functional categories: 
arithmetic, logical, branch, load/store, and special. Table 1-6 lists the MicroBlaze instruction set. 
Refer to Chapter 4, “MicroBlaze Instruction Set Architecture”for more information on these 
instructions. Table 1-5 describes the instruction set nomenclature used in the semantics of each 
instruction.

Table 1-5: Instruction Set Nomenclature 

Symbol Description

Ra R0 - R31, General Purpose Register, source operand a

Rb R0 - R31, General Purpose Register, source operand b

Rd R0 - R31, General Purpose Register, destination operand

SPR[x] Special Purpose Register number x

MSR Machine Status Register = SPR[1]

ESR Exception Status Register = SPR[5]

EAR Exception Address Register = SPR[3]

FSR Floating Point Unit Status Register = SPR[7]

PVRx Processor Version Register, where x is the register number = SPR[8192 + x]

BTR Branch Target Register = SPR[11]

PC Execute stage Program Counter = SPR[0]

x[y] Bit y of register x

x[y:z] Bit range y to z of register x

x Bit inverted value of register x

Imm 16 bit immediate value

Immx x bit immediate value

FSLx 4 bit Fast Simplex Link (FSL) port designator where x is the port number

C Carry flag, MSR[29]

Sa Special Purpose Register, source operand

Sd Special Purpose Register, destination operand

s(x) Sign extend argument x to 32-bit value

*Addr Memory contents at location Addr (data-size aligned)

:= Assignment operator

= Equality comparison

In total 32 32-bit register are available 
 
Some registers have a special purpose (R14-R17): 
Return addresses  
•  for interrupts 
•  User vectors  
•  Breaks 
•  Hardware exceptions 
 

  

Lund University / Electrical and Information Technology /  10 

Register Map 
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Registers
MicroBlaze has an orthogonal instruction set architecture. It has thirty-two 32-bit general purpose 
registers and up to eighteen 32-bit special purpose registers, depending on configured options.

General Purpose Registers
The thirty-two 32-bit General Purpose Registers are numbered R0 through R31. The register file is 
reset on bit stream download (reset value is 0x00000000). Figure 1-2 is a representation of a General 
Purpose Register and Table 1-7 provides a description of each register and the register reset value (if 
existing).

Note: The register file is not reset by the external reset inputs: Reset and Debug_Rst. 

Refer to Table 3-2 for software conventions on general purpose register usage.

0 31

↑
R0-R31

Figure 1-2: R0-R31

Table 1-7: General Purpose Registers (R0-R31) 

Bits Name Description Reset Value

0:31 R0 Always has a value of zero. Anything written to 
R0 is discarded

0x00000000

0:31 R1 through R13 32-bit general purpose registers -

0:31 R14 32-bit register used to store return addresses 
for interrupts.

-

0:31 R15 32-bit general purpose register. Recommended 
for storing return addresses for user vectors.

-

0:31 R16 32-bit register used to store return addresses 
for breaks.

-

0:31 R17 If MicroBlaze is configured to support 
hardware exceptions, this register is loaded 
with the address of the instruction following 
the instruction causing the HW exception, 
except for exceptions in delay slots that use 
BTR instead (see “Branch Target Register 
(BTR)”); if not, it is a general purpose register.

-

0:31 R18 through R31 R18 through R31 are 32-bit general purpose 
registers.

-
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Maskininstruktioner 

•  Definitioner:  
–  Vad ska göras (operationskod)? 
–  Vem är inblandad (source operander)?  
–  Vart ska resultatet (destination operand)?  
–  Hur fortsätta efter instruktionen? 
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Maskininstruktioner 

•  Att bestämma:  
–  Typ av operander och operationer 
–  Antal adresser och adresseringsformat 
–  Registeraccess 
–  Instruktionsformat 

•  Fixed eller flexibelt 
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MicroBlaze Instruction Set 

•  Arithmetic Instructions 
•  Logic Instructions 
•  Branch Instructions 
•  Load/Store Instructions 
•  Other 
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Type A 
ADD			Rd,	Ra,	Rb	
add	

Rd=Ra+Rb, Carry flag affected 

ADDK		Rd,	Ra,	Rb	
add	and	keep	carry	

Rd=Ra+Rb, Carry flag not affected 

RSUB		Rd,	Ra,	Rb	
reverse	subtract	

Rd=Rb-Ra, Carry flag affected 

Arithmetic instructions – Type A 

Type A: up to two source and one destination register 
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Type B 
ADDI			Rd,	Ra,	Imm	
add	immediate	

Rd=Ra+signExtend32(Imm)**	

ADDIK		Rd,	Ra,	Imm	
add	immediate	and	keep	carry	

Rd=Ra+signExtend32(Imm)**	

RSUBIK	Rd,	Ra,	Imm	
reverse	subtract	with	immediate	

Rd=signExtend32(Imm)**-Ra	

SRA				Rd,	Ra	
arithmetic	shift	right	

Rd=(Ra>>1)	

Arithmetic instructions – Type B 

Type B: one source and immediate operand 
	
Imm field:  a 16 bit value that is sign extend to 32 bits 
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Logic instructions – Type A 

Type A 
OR			Rd,	Ra,	Rb	 Rd=Ra	|	Rb 

AND		Rd,	Ra,	Rb	 Rd=Ra	&	Rb	 
XOR		Rd,	Ra,	Rb	 Rd=Rb	^	Ra	
ANDN	Rd,	Ra,	Rb	 Rd=Ra	&	(~Rb)	
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Instructions R

OR Rd,Ra,Rb 100000 Rd Ra Rb 00000000000 Rd := Ra or Rb

AND Rd,Ra,Rb 100001 Rd Ra Rb 00000000000 Rd := Ra and Rb

XOR Rd,Ra,Rb 100010 Rd Ra Rb 00000000000 Rd := Ra xor Rb

ANDN Rd,Ra,Rb 100011 Rd Ra Rb 00000000000 Rd := Ra and Rb

PCMPBF Rd,Ra,Rb 100000 Rd Ra Rb 10000000000 Rd := 1 if (Rb[0:7] = Ra[0:7]) else 
Rd := 2 if (Rb[8:15] = Ra[8:15]) else 
Rd := 3 if (Rb[16:23] = Ra[16:23]) else 
Rd := 4 if (Rb[24:31] = Ra[24:31]) else 
Rd := 0

PCMPEQ Rd,Ra,Rb 100010 Rd Ra Rb 10000000000 Rd := 1 if (Rd = Ra) else 
Rd := 0

PCMPNE Rd,Ra,Rb 100011 Rd Ra Rb 10000000000 Rd := 1 if (Rd != Ra) else 
Rd := 0

SRA Rd,Ra 100100 Rd Ra 0000000000000001 Rd := s(Ra >> 1) 
C := Ra[31]

SRC Rd,Ra 100100 Rd Ra 0000000000100001 Rd := C & (Ra >> 1) 
C := Ra[31]

SRL Rd,Ra 100100 Rd Ra 0000000001000001 Rd := 0 & (Ra >> 1)  
C := Ra[31]

SEXT8 Rd,Ra 100100 Rd Ra 0000000001100000 Rd := s(Ra[24:31])

SEXT16 Rd,Ra 100100 Rd Ra 0000000001100001 Rd := s(Ra[16:31])

WIC Ra,Rb 100100 00000 Ra Rb 01101000 ICache_Line[Ra >> 4].Tag := 0 if 
(C_ICACHE_LINE_LEN = 4)
ICache_Line[Ra >> 5].Tag := 0 if 
(C_ICACHE_LINE_LEN = 8)

WDC Ra,Rb 100100 00000 Ra Rb 01100100 DCache_Line[Ra >> 4].Tag := 0 if 
(C_DCACHE_LINE_LEN = 4)
DCache_Line[Ra >> 5].Tag := 0 if 
(C_DCACHE_LINE_LEN = 8)

MTS Sd,Ra 100101 00000 Ra 11 & Sd SPR[Sd] := Ra, where:
• SPR[0x0001] is MSR
• SPR[0x0007] is FSR
• SPR[0x1000] is PID
• SPR[0x1001] is ZPR
• SPR[0x1002] is TLBX
• SPR[0x1003] is TLBLO
• SPR[0x1004] is TLBHI
• SPR[0x1005] is TLBSX

Table 1-6: MicroBlaze Instruction Set Summary  (Continued)

Type A 0-5 6-10 11-15 16-20 21-31
Semantics

Type B 0-5 6-10 11-15 16-31
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Logic instructions – Type B 

Type B 
ORI			Rd,	Ra,	Imm	 Rd=Ra	|	signExtend32(Imm) 
ANDI		Rd,	Ra,	Imm	 Rd=Ra	&	signExtend32(Imm) 
XORI		Rd,	Ra,	Imm	 Rd=Ra	^	signExtend32(Imm)	
ANDNI	Rd,	Ra,	Imm	 Rd=Ra	&	(~signExtend32(Imm))	
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Instructions R

BNED Ra,Rb 100111 10001 Ra Rb 00000000000 PC := PC + Rb if Ra != 0

BLTD Ra,Rb 100111 10010 Ra Rb 00000000000 PC := PC + Rb if Ra < 0

BLED Ra,Rb 100111 10011 Ra Rb 00000000000 PC := PC + Rb if Ra <= 0

BGTD Ra,Rb 100111 10100 Ra Rb 00000000000 PC := PC + Rb if Ra > 0

BGED Ra,Rb 100111 10101 Ra Rb 00000000000 PC := PC + Rb if Ra >= 0

ORI Rd,Ra,Imm 101000 Rd Ra Imm Rd := Ra or s(Imm)

ANDI Rd,Ra,Imm 101001 Rd Ra Imm Rd := Ra and s(Imm)

XORI Rd,Ra,Imm 101010 Rd Ra Imm Rd := Ra xor s(Imm)

ANDNI Rd,Ra,Imm 101011 Rd Ra Imm Rd := Ra and s(Imm)

IMM Imm 101100 00000 00000 Imm Imm[0:15] := Imm

RTSD Ra,Imm 101101 10000 Ra Imm PC := Ra + s(Imm)

RTID Ra,Imm 101101 10001 Ra Imm PC := Ra + s(Imm) 
MSR[IE] := 1

RTBD Ra,Imm 101101 10010 Ra Imm PC := Ra + s(Imm) 
MSR[BIP] := 0

RTED Ra,Imm 101101 10100 Ra Imm PC := Ra + s(Imm) 
MSR[EE] := 1, MSR[EIP] := 0 
ESR := 0

BRI Imm 101110 00000 00000 Imm PC := PC + s(Imm)

BRID Imm 101110 00000 10000 Imm PC := PC + s(Imm)

BRLID Rd,Imm 101110 Rd 10100 Imm PC := PC + s(Imm) 
Rd := PC

BRAI Imm 101110 00000 01000 Imm PC := s(Imm)

BRAID Imm 101110 00000 11000 Imm PC := s(Imm)

BRALID Rd,Imm 101110 Rd 11100 Imm PC := s(Imm) 
Rd := PC

BRKI Rd,Imm 101110 Rd 01100 Imm PC := s(Imm) 
Rd := PC 
MSR[BIP] := 1

BEQI Ra,Imm 101111 00000 Ra Imm PC := PC + s(Imm) if Ra = 0

BNEI Ra,Imm 101111 00001 Ra Imm PC := PC + s(Imm) if Ra != 0

BLTI Ra,Imm 101111 00010 Ra Imm PC := PC + s(Imm) if Ra < 0

BLEI Ra,Imm 101111 00011 Ra Imm PC := PC + s(Imm) if Ra <= 0

BGTI Ra,Imm 101111 00100 Ra Imm PC := PC + s(Imm) if Ra > 0

Table 1-6: MicroBlaze Instruction Set Summary  (Continued)

Type A 0-5 6-10 11-15 16-20 21-31
Semantics

Type B 0-5 6-10 11-15 16-31
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Unconditional Branch - BRI 

Type B 
BRID			Imm	
branch	immediate	with	delay	

PC=PC+signExtend32(Imm)	

BRLID		Rd,	Imm	
branch	and	link	immediate	
with	delay	(function	call)	

PC=PC+signExtend32(Imm)	
Rd=PC	
	

Modify the Program Counter (PC) register 

If the D bit is set, it means that there is a delay slot and the instruction 
following the branch (that is, in the branch delay slot) is allowed to 
complete execution before executing the target instruction  
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Unconditional Branch - BRI 
Modify the Program Counter (PC) register 
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Chapter 4: MicroBlaze Instruction Set ArchitectureR

bri Unconditional Branch Immediate

Description

Branch to the instruction located at address determined by IMM, sign-extended to 32 bits.

The mnemonics brlid and bralid will set the L bit. If the L bit is set, linking will be performed. The 
current value of PC will be stored in rD.

The mnemonics brai, braid and bralid will set the A bit. If the A bit is set, it means that the branch 
is to an absolute value and the target is the value in IMM, otherwise, it is a relative branch and the 
target will be PC + IMM.

The mnemonics brid, braid, brlid and bralid will set the D bit. The D bit determines whether there is 
a branch delay slot or not. If the D bit is set, it means that there is a delay slot and the instruction 
following the branch (that is, in the branch delay slot) is allowed to complete execution before 
executing the target instruction. If the D bit is not set, it means that there is no delay slot, so the 
instruction to be executed after the branch is the target instruction.

As a special case, when MicroBlaze is configured to use an MMU (C_USE_MMU >= 1) and 
“bralid rD, 0x8“is used to perform a User Vector Exception, the Machine Status Register bits 
User Mode and Virtual Mode are cleared.

Pseudocode

if L = 1 then 
(rD) ← PC

if A = 1 then 
PC ← (IMM) 

else 
PC ← PC + (IMM)

if D = 1 then 
allow following instruction to complete execution

if D = 1 and A = 1 and L = 1 and IMM = 0x8 then
MSR[UMS] ← MSR[UM]
MSR[VMS] ← MSR[VM]
MSR[UM] ← 0
MSR[VM] ← 0

bri IMM Branch Immediate

brai IMM Branch Absolute Immediate 

brid IMM Branch Immediate with Delay

braid IMM Branch Absolute Immediate with Delay

brlid rD, IMM Branch and Link Immediate with Delay

bralid rD, IMM Branch Absolute and Link Immediate with Delay

1 0 1 1 1 0 rD D A L 0 0 IMM

0 6 1
1

1
6

3
1
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bri Unconditional Branch Immediate

Description

Branch to the instruction located at address determined by IMM, sign-extended to 32 bits.

The mnemonics brlid and bralid will set the L bit. If the L bit is set, linking will be performed. The 
current value of PC will be stored in rD.

The mnemonics brai, braid and bralid will set the A bit. If the A bit is set, it means that the branch 
is to an absolute value and the target is the value in IMM, otherwise, it is a relative branch and the 
target will be PC + IMM.

The mnemonics brid, braid, brlid and bralid will set the D bit. The D bit determines whether there is 
a branch delay slot or not. If the D bit is set, it means that there is a delay slot and the instruction 
following the branch (that is, in the branch delay slot) is allowed to complete execution before 
executing the target instruction. If the D bit is not set, it means that there is no delay slot, so the 
instruction to be executed after the branch is the target instruction.

As a special case, when MicroBlaze is configured to use an MMU (C_USE_MMU >= 1) and 
“bralid rD, 0x8“is used to perform a User Vector Exception, the Machine Status Register bits 
User Mode and Virtual Mode are cleared.

Pseudocode

if L = 1 then 
(rD) ← PC

if A = 1 then 
PC ← (IMM) 

else 
PC ← PC + (IMM)

if D = 1 then 
allow following instruction to complete execution

if D = 1 and A = 1 and L = 1 and IMM = 0x8 then
MSR[UMS] ← MSR[UM]
MSR[VMS] ← MSR[VM]
MSR[UM] ← 0
MSR[VM] ← 0

bri IMM Branch Immediate

brai IMM Branch Absolute Immediate 

brid IMM Branch Immediate with Delay

braid IMM Branch Absolute Immediate with Delay

brlid rD, IMM Branch and Link Immediate with Delay

bralid rD, IMM Branch Absolute and Link Immediate with Delay

1 0 1 1 1 0 rD D A L 0 0 IMM

0 6 1
1

1
6

3
1
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Unconditional Branch - Return from subroutine 

Type B 
RTSD			Ra,	Imm	
return	from	subroutine	

PC=Ra+signExtend32(Imm)	

RTID			Ra,	Imm	
return	from	interrupt	

PC=Ra+signExtend32(Imm)	
set	interrupt	enable	in	MSR	

Modifies the Program Counter (PC) register 
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rtsd Return from Subroutine

Description
Return from subroutine will branch to the location specified by the contents of rA plus the IMM 
field, sign-extended to 32 bits.

This instruction always has a delay slot. The instruction following the RTSD is always executed 
before the branch target.

Pseudocode
PC ← (rA) + sext(IMM)
allow following instruction to complete execution

Registers Altered
• PC

Latency
• 2 cycles

Note
Convention is to use general purpose register r15 as rA.

A delay slot must not be used by the following: imm, branch, or break instructions. Interrupts and 
external hardware breaks are deferred until after the delay slot branch has been completed.

rtsd rA, IMM

1 0 1 1 0 1 1 0 0 0 0 rA IMM

0 6 1
1

1
6

3
1
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Instructions R

BNED Ra,Rb 100111 10001 Ra Rb 00000000000 PC := PC + Rb if Ra != 0

BLTD Ra,Rb 100111 10010 Ra Rb 00000000000 PC := PC + Rb if Ra < 0

BLED Ra,Rb 100111 10011 Ra Rb 00000000000 PC := PC + Rb if Ra <= 0

BGTD Ra,Rb 100111 10100 Ra Rb 00000000000 PC := PC + Rb if Ra > 0

BGED Ra,Rb 100111 10101 Ra Rb 00000000000 PC := PC + Rb if Ra >= 0

ORI Rd,Ra,Imm 101000 Rd Ra Imm Rd := Ra or s(Imm)

ANDI Rd,Ra,Imm 101001 Rd Ra Imm Rd := Ra and s(Imm)

XORI Rd,Ra,Imm 101010 Rd Ra Imm Rd := Ra xor s(Imm)

ANDNI Rd,Ra,Imm 101011 Rd Ra Imm Rd := Ra and s(Imm)

IMM Imm 101100 00000 00000 Imm Imm[0:15] := Imm

RTSD Ra,Imm 101101 10000 Ra Imm PC := Ra + s(Imm)

RTID Ra,Imm 101101 10001 Ra Imm PC := Ra + s(Imm) 
MSR[IE] := 1

RTBD Ra,Imm 101101 10010 Ra Imm PC := Ra + s(Imm) 
MSR[BIP] := 0

RTED Ra,Imm 101101 10100 Ra Imm PC := Ra + s(Imm) 
MSR[EE] := 1, MSR[EIP] := 0 
ESR := 0

BRI Imm 101110 00000 00000 Imm PC := PC + s(Imm)

BRID Imm 101110 00000 10000 Imm PC := PC + s(Imm)

BRLID Rd,Imm 101110 Rd 10100 Imm PC := PC + s(Imm) 
Rd := PC

BRAI Imm 101110 00000 01000 Imm PC := s(Imm)

BRAID Imm 101110 00000 11000 Imm PC := s(Imm)

BRALID Rd,Imm 101110 Rd 11100 Imm PC := s(Imm) 
Rd := PC

BRKI Rd,Imm 101110 Rd 01100 Imm PC := s(Imm) 
Rd := PC 
MSR[BIP] := 1

BEQI Ra,Imm 101111 00000 Ra Imm PC := PC + s(Imm) if Ra = 0

BNEI Ra,Imm 101111 00001 Ra Imm PC := PC + s(Imm) if Ra != 0

BLTI Ra,Imm 101111 00010 Ra Imm PC := PC + s(Imm) if Ra < 0

BLEI Ra,Imm 101111 00011 Ra Imm PC := PC + s(Imm) if Ra <= 0

BGTI Ra,Imm 101111 00100 Ra Imm PC := PC + s(Imm) if Ra > 0

Table 1-6: MicroBlaze Instruction Set Summary  (Continued)

Type A 0-5 6-10 11-15 16-20 21-31
Semantics

Type B 0-5 6-10 11-15 16-31
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Conditional Branch - (1) 

Type B 
BEQI		Ra,	Imm	
branch	if	equal	

PC=PC+signExtend32(Imm),	if	Ra==0 

BNEI		Ra,	Imm	
branch	if	not	equal	

PC=PC+signExtend32(Imm),	if	Ra!=0 

Modify the Program Counter (PC) register if a condition is satisfied 
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Instructions R

bnei Branch Immediate if Not Equal

Description
Branch if rA not equal to 0, to the instruction located in the offset value of IMM. The target of the 

branch will be the instruction at address PC + IMM.

The mnemonic bneid will set the D bit. The D bit determines whether there is a branch delay slot or 

not. If the D bit is set, it means that there is a delay slot and the instruction following the branch (that 

is, in the branch delay slot) is allowed to complete execution before executing the target instruction. 

If the D bit is not set, it means that there is no delay slot, so the instruction to be executed after the 

branch is the target instruction.

Pseudocode
If rA ≠ 0 then 
PC ← PC + sext(IMM) 

else 
PC ← PC + 4

if D = 1 then 
allow following instruction to complete execution

Registers Altered
• PC

Latency
• 1 cycle (if branch is not taken)

• 2 cycles (if branch is taken and the D bit is set)

• 3 cycles (if branch is taken and the D bit is not set)

Note
By default, Type B Instructions will take the 16-bit IMM field value and sign extend it to 32 bits to 

use as the immediate operand. This behavior can be overridden by preceding the Type B instruction 

with an imm instruction. See the instruction “imm,” page 147 for details on using 32-bit immediate 

values.

A delay slot must not be used by the following: imm, branch, or break instructions. Interrupts and 

external hardware breaks are deferred until after the delay slot branch has been completed.

bnei rA, IMM Branch Immediate if Not Equal

bneid rA, IMM Branch Immediate if Not Equal with Delay

1 0 1 1 1 1 D 0 0 0 1 rA IMM

0 6 1

1

1

6

3

1
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Instructions R

beqi Branch Immediate if Equal

Description
Branch if rA is equal to 0, to the instruction located in the offset value of IMM. The target of the 

branch will be the instruction at address PC + IMM.

The mnemonic beqid will set the D bit. The D bit determines whether there is a branch delay slot or 

not. If the D bit is set, it means that there is a delay slot and the instruction following the branch (that 

is, in the branch delay slot) is allowed to complete execution before executing the target instruction. 

If the D bit is not set, it means that there is no delay slot, so the instruction to be executed after the 

branch is the target instruction.

Pseudocode
If rA = 0 then 
PC ← PC + sext(IMM) 

else 
PC ← PC + 4

if D = 1 then 
allow following instruction to complete execution

Registers Altered
• PC

Latency
1 cycle (if branch is not taken)

2 cycles (if branch is taken and the D bit is set)

3 cycles (if branch is taken and the D bit is not set)

Note
By default, Type B Instructions will take the 16-bit IMM field value and sign extend it to 32 bits to 

use as the immediate operand. This behavior can be overridden by preceding the Type B instruction 

with an imm instruction. See the instruction “imm,” page 147 for details on using 32-bit immediate 

values.

A delay slot must not be used by the following: imm, branch, or break instructions. Interrupts and 

external hardware breaks are deferred until after the delay slot branch has been completed.

beqi rA, IMM Branch Immediate if Equal

beqid rA, IMM Branch Immediate if Equal with Delay

1 0 1 1 1 1 D 0 0 0 0 rA IMM

0 6 1

1

1

6

3

1

BEQI	 

BNEI	 
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Branch Instructions- Conditional (2) 

Type B 
BLTI		Ra,	Imm	
branch	if	lower	than	

PC=PC+signExtend32(Imm),if	Ra<0 

BLEI	Ra,	Imm	
branch	if	lower	equal	than	

PC=Ra+signExtend32(Imm),	if	Ra<=0	

Modify the Program Counter (PC) register if a condition is satisfied 
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Instructions R

blti Branch Immediate if Less Than

Description
Branch if rA is less than 0, to the instruction located in the offset value of IMM. The target of the 
branch will be the instruction at address PC + IMM.

The mnemonic bltid will set the D bit. The D bit determines whether there is a branch delay slot or 
not. If the D bit is set, it means that there is a delay slot and the instruction following the branch (that 
is, in the branch delay slot) is allowed to complete execution before executing the target instruction. 
If the D bit is not set, it means that there is no delay slot, so the instruction to be executed after the 
branch is the target instruction.

Pseudocode
If rA < 0 then 
PC ← PC + sext(IMM) 

else 
PC ← PC + 4

if D = 1 then 
allow following instruction to complete execution

Registers Altered
• PC

Latency
• 1 cycle (if branch is not taken)
• 2 cycles (if branch is taken and the D bit is set)
• 3 cycles (if branch is taken and the D bit is not set)

Note
By default, Type B Instructions will take the 16-bit IMM field value and sign extend it to 32 bits to 
use as the immediate operand. This behavior can be overridden by preceding the Type B instruction 
with an imm instruction. See the instruction “imm,” page 147 for details on using 32-bit immediate 
values.

A delay slot must not be used by the following: imm, branch, or break instructions. Interrupts and 
external hardware breaks are deferred until after the delay slot branch has been completed.

blti rA, IMM Branch Immediate if Less Than

bltid rA, IMM Branch Immediate if Less Than with Delay

1 0 1 1 1 1 D 0 0 1 0 rA IMM

0 6 1
1

1
6

3
1
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Instructions R

blei Branch Immediate if Less or Equal

Description
Branch if rA is less or equal to 0, to the instruction located in the offset value of IMM. The target of 

the branch will be the instruction at address PC + IMM.

The mnemonic bleid will set the D bit. The D bit determines whether there is a branch delay slot or 

not. If the D bit is set, it means that there is a delay slot and the instruction following the branch (that 

is, in the branch delay slot) is allowed to complete execution before executing the target instruction. 

If the D bit is not set, it means that there is no delay slot, so the instruction to be executed after the 

branch is the target instruction.

Pseudocode
If rA <= 0 then 
PC ← PC + sext(IMM) 

else 
PC ← PC + 4

if D = 1 then 
allow following instruction to complete execution

Registers Altered
• PC

Latency
• 1 cycle (if branch is not taken)

• 2 cycles (if branch is taken and the D bit is set)

• 3 cycles (if branch is taken and the D bit is not set)

Note
By default, Type B Instructions will take the 16-bit IMM field value and sign extend it to 32 bits to 

use as the immediate operand. This behavior can be overridden by preceding the Type B instruction 

with an imm instruction. See the instruction “imm,” page 147 for details on using 32-bit immediate 

values.

A delay slot must not be used by the following: imm, branch, or break instructions. Interrupts and 

external hardware breaks are deferred until after the delay slot branch has been completed.

blei rA, IMM Branch Immediate if Less or Equal

bleid rA, IMM Branch Immediate if Less or Equal with Delay

1 0 1 1 1 1 D 0 0 1 1 rA IMM

0 6 1

1

1

6

3

1BLTI	 

BLEI	 
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Branch Instructions- Conditional (2) 

Type B 
BGTI	Ra,	Imm	
branch	if	greater	than	

PC=Ra+signExtend32(Imm),	if	Ra>0	

BGEI	Ra,	Imm	
branch	if	greater	equal	than	

PC=Ra+signExtend32(Imm),	if	Ra>=0	

Modify the Program Counter (PC) register if a condition is satisfied 
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Instructions R

bgti Branch Immediate if Greater Than

Description
Branch if rA is greater than 0, to the instruction located in the offset value of IMM. The target of the 
branch will be the instruction at address PC + IMM.

The mnemonic bgtid will set the D bit. The D bit determines whether there is a branch delay slot or 
not. If the D bit is set, it means that there is a delay slot and the instruction following the branch (that 
is, in the branch delay slot) is allowed to complete execution before executing the target instruction. 
If the D bit is not set, it means that there is no delay slot, so the instruction to be executed after the 
branch is the target instruction.

Pseudocode
If rA > 0 then 
PC ← PC + sext(IMM) 

else 
PC ← PC + 4

if D = 1 then 
allow following instruction to complete execution

Registers Altered
• PC

Latency
• 1 cycle (if branch is not taken)
• 2 cycles (if branch is taken and the D bit is set)
• 3 cycles (if branch is taken and the D bit is not set)

Note
By default, Type B Instructions will take the 16-bit IMM field value and sign extend it to 32 bits to 
use as the immediate operand. This behavior can be overridden by preceding the Type B instruction 
with an imm instruction. See the instruction “imm,” page 147 for details on using 32-bit immediate 
values.

A delay slot must not be used by the following: imm, branch, or break instructions. Interrupts and 
external hardware breaks are deferred until after the delay slot branch has been completed.

bgti rA, IMM Branch Immediate if Greater Than

bgtid rA, IMM Branch Immediate if Greater Than with Delay

1 0 1 1 1 1 D 0 1 0 0 rA IMM

0 6 1
1

1
6

3
1
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Instructions R

bgei Branch Immediate if Greater or Equal

Description
Branch if rA is greater or equal to 0, to the instruction located in the offset value of IMM. The target 

of the branch will be the instruction at address PC + IMM.

The mnemonic bgeid will set the D bit. The D bit determines whether there is a branch delay slot or 

not. If the D bit is set, it means that there is a delay slot and the instruction following the branch (that 

is, in the branch delay slot) is allowed to complete execution before executing the target instruction. 

If the D bit is not set, it means that there is no delay slot, so the instruction to be executed after the 

branch is the target instruction.

Pseudocode
If rA >= 0 then 
PC ← PC + sext(IMM) 

else 
PC ← PC + 4

if D = 1 then 
allow following instruction to complete execution

Registers Altered
• PC

Latency
• 1 cycle (if branch is not taken)

• 2 cycles (if branch is taken and the D bit is set)

• 3 cycles (if branch is taken and the D bit is not set)

Note
By default, Type B Instructions will take the 16-bit IMM field value and sign extend it to 32 bits to 

use as the immediate operand. This behavior can be overridden by preceding the Type B instruction 

with an imm instruction. See the instruction “imm,” page 147 for details on using 32-bit immediate 

values.

A delay slot must not be used by the following: imm, branch, or break instructions. Interrupts and 

external hardware breaks are deferred until after the delay slot branch has been completed.

bgei rA, IMM Branch Immediate if Greater or Equal

bgeid rA, IMM Branch Immediate if Greater or Equal with Delay

1 0 1 1 1 1 D 0 1 0 1 rA IMM

0 6 1

1

1

6

3

1BGTI	 

BGEI	 
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Load/Store Instructions-Typ A 

Type A 
LW			Rd,	Ra,	Rb	
load	word	

Address=Ra+Rb	
Rd=*Address 

SW			Rd,	Ra,	Rb	
store	word	

Address=Ra+Rb	
*Address=Rd 
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Chapter 4: MicroBlaze Instruction Set ArchitectureR

lw Load Word

Description
Loads a word (32 bits) from the word aligned memory location that results from adding the contents 
of registers rA and rB. The data is placed in register rD.

A data TLB miss exception occurs if virtual protected mode is enabled, and a valid translation entry 
corresponding to the address is not found in the TLB.

A data storage exception occurs if access is prevented by a no-access-allowed zone protection. This 
only applies to accesses with user mode and virtual protected mode enabled.

An unaligned data access exception occurs if the two least significant bits in the address are not zero.

Pseudocode
Addr ← (rA) + (rB) 
if TLB_Miss(Addr) and MSR[VM] == 1 then
ESR[EC]← 10010;ESR[S]← 0
MSR[UMS] ← MSR[UM]; MSR[VMS] ← MSR[VM]; MSR[UM] ← 0; MSR[VM] ← 0

else if Access_Protected(Addr) and MSR[UM] == 1 and MSR[VM] == 1 then
ESR[EC] ← 10000;ESR[S]← 0; ESR[DIZ] ← 1
MSR[UMS]← MSR[UM]; MSR[VMS] ← MSR[VM]; MSR[UM] ← 0; MSR[VM] ← 0

else if Addr[30:31] != 0 then
ESR[EC] ← 00001; ESR[W] ← 1; ESR[S] ← 0; ESR[Rx] ← rD

else 
(rD) ← Mem(Addr)

Registers Altered
• rD, unless an exception is generated, in which case the register is unchanged
• MSR[UM], MSR[VM], MSR[UMS], MSR[VMS], if a TLB miss exception or a data storage 

exception is generated
• ESR[EC], ESR[S], if an exception is generated
• ESR[DIZ], if a data storage exception is generated
• ESR[W], ESR[Rx], if an unaligned data access exception is generated

Latency
• 1 cycle with C_AREA_OPTIMIZED=0
• 2 cycles with C_AREA_OPTIMIZED=1

lw rD, rA, rB

1 1 0 0 1 0 rD rA rB 0 0 0 0 0 0 0 0 0 0 0

0 6 11 16 21 31

188 www.xilinx.com MicroBlaze Processor Reference Guide
1-800-255-7778 UG081 (v9.0)

Chapter 4: MicroBlaze Instruction Set ArchitectureR

sw Store Word

Description
Stores the contents of register rD, into the word aligned memory location that results from adding 
the contents of registers rA and rB.

A data TLB miss exception occurs if virtual protected mode is enabled, and a valid translation entry 
corresponding to the address is not found in the TLB.

A data storage exception occurs if virtual protected mode is enabled, and access is prevented by no-
access-allowed or read-only zone protection. No-access-allowed can only occur in user mode.

An unaligned data access exception occurs if the two least significant bits in the address are not zero.

Pseudocode
Addr ← (rA) + (rB) 
if TLB_Miss(Addr) and MSR[VM] == 1 then
ESR[EC]← 10010;ESR[S]← 1
MSR[UMS] ← MSR[UM]; MSR[VMS] ← MSR[VM]; MSR[UM] ← 0; MSR[VM] ← 0

else if Access_Protected(Addr) and MSR[VM] == 1 then
ESR[EC] ← 10000;ESR[S]← 1; ESR[DIZ] ← No-access-allowed
MSR[UMS]← MSR[UM]; MSR[VMS] ← MSR[VM]; MSR[UM] ← 0; MSR[VM] ← 0

else if Addr[30:31] != 0 then
ESR[EC] ← 00001; ESR[W] ← 1; ESR[S] ← 1; ESR[Rx] ← rD

else 
Mem(Addr) ← (rD)[0:31]

Registers Altered
• rD, unless an exception is generated, in which case the register is unchanged
• MSR[UM], MSR[VM], MSR[UMS], MSR[VMS], if a TLB miss exception or a data storage 

exception is generated
• ESR[EC], ESR[S], if an exception is generated
• ESR[DIZ], if a data storage exception is generated
• ESR[W], ESR[Rx], if an unaligned data access exception is generated

Latency
• 1 cycle with C_AREA_OPTIMIZED=0
• 2 cycles with C_AREA_OPTIMIZED=1

sw rD, rA, rB

1 1 0 1 1 0 rD rA rB 0 0 0 0 0 0 0 0 0 0 0

0 6 11 16 21 31
LW	 

SW	 
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Load/Store Instructions-Typ B 

Type B 
LWI		Rd,	Ra,	Imm	
load	word	immediate	

Address=Ra+signExtend32(Imm)	
Rd=*Address 

SWI		Rd,	Ra,	Imm	
store	word	immediate	

Address=Ra+signExtend32(Imm)	
*Address=Rd 
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Instructions R

lwi Load Word Immediate

Description
Loads a word (32 bits) from the word aligned memory location that results from adding the contents 
of register rA and the value IMM, sign-extended to 32 bits. The data is placed in register rD. A data 
TLB miss exception occurs if virtual protected mode is enabled, and a valid translation entry 
corresponding to the address is not found in the TLB.A data storage exception occurs if access is 
prevented by a no-access-allowed zone protection. This only applies to accesses with user mode and 
virtual protected mode enabled. An unaligned data access exception occurs if the two least 
significant bits in the address are not zero.

Pseudocode
Addr ← (rA) + sext(IMM) 
if TLB_Miss(Addr) and MSR[VM] == 1 then
ESR[EC]← 10010;ESR[S]← 0
MSR[UMS] ← MSR[UM]; MSR[VMS] ← MSR[VM]; MSR[UM] ← 0; MSR[VM] ← 0

else if Access_Protected(Addr) and MSR[UM] == 1 and MSR[VM] == 1 then
ESR[EC] ← 10000;ESR[S]← 0; ESR[DIZ] ← 1
MSR[UMS]← MSR[UM]; MSR[VMS] ← MSR[VM]; MSR[UM] ← 0; MSR[VM] ← 0

else if Addr[30:31] != 0 then
ESR[EC] ← 00001; ESR[W] ← 1; ESR[S] ← 0; ESR[Rx] ← rD

else 
(rD) ← Mem(Addr)

Registers Altered
• rD, unless an exception is generated, in which case the register is unchanged
• MSR[UM], MSR[VM], MSR[UMS], MSR[VMS], if a TLB miss exception or a data storage 

exception is generated
• ESR[EC], ESR[S], if an exception is generated
• ESR[DIZ], if a data storage exception is generated
• ESR[W], ESR[Rx], if an unaligned data access exception is generated

Latency
• 1 cycle with C_AREA_OPTIMIZED=0
• 2 cycles with C_AREA_OPTIMIZED=1

Note
By default, Type B Instructions will take the 16-bit IMM field value and sign extend it to 32 bits to 
use as the immediate operand. This behavior can be overridden by preceding the Type B instruction 
with an imm instruction. See the instruction “imm,” page 147 for details on using 32-bit immediate 
values.

lwi rD, rA, IMM

1 1 1 0 1 0 rD rA IMM

0 6 11 16 31

MicroBlaze Processor Reference Guide www.xilinx.com 189
UG081 (v9.0) 1-800-255-7778

Instructions R

swi Store Word Immediate 

Description
Stores the contents of register rD, into the word aligned memory location that results from adding 
the contents of registers rA and the value IMM, sign-extended to 32 bits.

A data TLB miss exception occurs if virtual protected mode is enabled, and a valid translation entry 
corresponding to the address is not found in the TLB.

A data storage exception occurs if virtual protected mode is enabled, and access is prevented by no-
access-allowed or read-only zone protection. No-access-allowed can only occur in user mode.

An unaligned data access exception occurs if the two least significant bits in the address are not zero.

Pseudocode
Addr ← (rA) + sext(IMM) 
if TLB_Miss(Addr) and MSR[VM] == 1 then
ESR[EC]← 10010;ESR[S]← 1
MSR[UMS] ← MSR[UM]; MSR[VMS] ← MSR[VM]; MSR[UM] ← 0; MSR[VM] ← 0

else if Access_Protected(Addr) and MSR[VM] == 1 then
ESR[EC] ← 10000;ESR[S]← 1; ESR[DIZ] ← No-access-allowed
MSR[UMS]← MSR[UM]; MSR[VMS] ← MSR[VM]; MSR[UM] ← 0; MSR[VM] ← 0

else if Addr[30:31] != 0 then
ESR[EC] ← 00001; ESR[W] ← 1; ESR[S] ← 1; ESR[Rx] ← rD

else 
Mem(Addr) ← (rD)[0:31]

Register Altered
• rD, unless an exception is generated, in which case the register is unchanged
• MSR[UM], MSR[VM], MSR[UMS], MSR[VMS], if a TLB miss exception or a data storage 

exception is generated
• ESR[EC], ESR[S], if an exception is generated
• ESR[DIZ], if a data storage exception is generated
• ESR[W], ESR[Rx], if an unaligned data access exception is generated

Latency
• 1 cycle with C_AREA_OPTIMIZED=0
• 2 cycles with C_AREA_OPTIMIZED=1

Note
By default, Type B Instructions will take the 16-bit IMM field value and sign extend it to 32 bits to 
use as the immediate operand. This behavior can be overridden by preceding the Type B instruction 
with an imm instruction. See the instruction “imm,” page 147 for details on using 32-bit immediate 
values.

swi rD, rA, IMM

1 1 1 1 1 0 rD rA IMM

0 6 11 16 31
LWI	 

SWI	 
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Other Instructions 

IMM			Imm	
immediate	

Extend	the	Imm	of	a	preceding	
Type	B	instruction	to	32	bits 

MFS		Rd,Sa	
move	from	special	purpose	
register	

Rd=Sa	
Sa-	special	purpose	register,	
source	operand 

MTS		Sd,Ra	
move	to	special	purpose	
register	

Sd=Ra	
Sd-	special	purpose	register,	
destination	operand 

NOP	
No	operation	

The value of a special purpose registers can be transferred to or from a 
general purpose register by using mts and mfs instructions, respectively.  

Functions (subroutines) 

#include	“memory_map.h”	
int	main(){	
			int	a,b,c,d,e;	
			a=*IO1_DATA;	
			b=*IO2_DATA;	
			c=*IO3_DATA;	
			d=*IO2_DATA;	

			e=func1(a,b,c,d);	

			return	0;	
}	

int	func1(int	a,b,c,d){	
			int	x,y,z;	

			x=mult(a,b);	

			z=x;	

			y=mult(c,d);	

			z=z+y;		
			return	z;	
}	

int	mult(int	a,b){	
			int	x;	
			x=a*b;	
			return	x;	
}	

leaf subroutine 

program execution 

1 
2 

3 4 

5 

6 

1 2 3 4 5 6 

caller callee caller callee 
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Functions (subroutines) - problems 

•  How to ensure that registers retain values across function calls? 
•  Where to return  after a function has been executed? 
•  Where to store temporary local variables of a function? 

•  USE THE STACK  
•  How to pass arguments to functions? 
•  How to return values from functions? 

•  FOLLOW A REGISTER USAGE CONVENTION 
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Stack 

•  Memory segment 
•  Grows towards lower memory address 
•  Access the stack through a stack pointer 
•  Stack pointer points to the top of the stack 
•  Two operations 

–  PUSH an item on top of the stack 
–  POP the top item from the stack 

Memory 
0x00 
0x01 
0x02 
0x03 
… 
0xFFC 
0xFFD 
0xFFE 
0xFFF Stack pointer 
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Stack frame 

•  Temporal storage for the function for its own bookkeeping 
–  Return address 
–  Local variables used by the function 
–  Save registers that the function may modify, but the 

caller function does not want changed 
–  Input arguments to callee functions 
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Stack Frame Convention 

Stack frame top Return address 
Input arguments to callee function 
Local variables 

Stack frame bottom Saved registers 

Stack pointer points to the top of the latest Stack Frame 
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Calling a function/ Returning from a 
function call 

•  Calling a function 
–  update the stack pointer (PUSH) 
–  load the stack frame 

•  Returning from a function 
–  restore the registers that have been previously saved  
–  update the stack pointer (POP) 
 

 
After a call from F 1 to F 2, the 
value of the stack pointer (SP) 
is decremented. This value of 
SP is again decremented to 
accommodate the stack frame 
for F 3. On return from F 3 the 
value of the stack pointer is 
increased to its original value 
in the function, F 2.  

Lund University / Electrical and Information Technology /  33 

Assembly program 

.global	number_of_ones 

.text 

.ent	number_of_ones 
number_of_ones:		add	r3,r0,r0 
while: 	 	beqid	r5,	result 

	 	nop 
	 	andi	r4,r5,1 
	 	add	r3,r3,r4 
	 	sra	r5,r5 
	 	brid	while 
	 	nop 

result:									rtsd	r15,	8 
	 	nop 

.end	number_of_ones 

Assembly directives (e.g. other 
source files, allocate memory,… 
Assembly instructions 
Symbols (labels) 
 

use labels for branch 
instructions 
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Assembly program 

.global	number_of_ones 

.text 

.ent	number_of_ones 
number_of_ones:	 	add	r3,r0,r0 
while: 	 	beqid	r5,	result 

	 	nop 
	 	andi	r4,r5,1 
	 	add	r3,r3,r4 
	 	sra	r5,r5 
	 	brid	while 
	 	nop 

result: 										rtsd	r15,	8 
	 	nop 

.end	number_of_ones 

unsigned	int	number_of_ones(unsigned	int	x){	
unsigned	int	temp=0;//	temp	is	stored	in	r3 
		while	(x!=0){	

	temp=temp+x&1;	
	x>>=1;	

		}	
		return	temp;	
} 
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Disassembled program 

0x6C0	 add	r3,r0,r0 
0x6C4	 beqid	r5,	28 
0x6C8	 nop 
0x6CC	 andi	r4,r5,1 
0x6D0	 add	r3,r3,r4 
0x6D4	 sra	r5,r5 
0x6D8	 brid	while 
0x6DC	 nop 
0x6E0	 rtsd	r15,	8 
0x6E4	 nop 

.global	number_of_ones 

.text 

.ent	number_of_ones 
number_of_ones:		add	r3,r0,r0 
while: 	 	beqid	r5,	result 

	 	nop 
	 	andi	r4,r5,1 
	 	add	r3,r3,r4 
	 	sra	r5,r5 
	 	brid	while 
	 	nop 

result:									rtsd	r15,	8 
	 	nop 

.end	number_of_ones 
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Tips and tricks 

•  Initialize a register with a known value 
–  Example load register r5 with 150 
    addi	r5,r0,150	

•  Shift to left  
–  Example register r5 to be shifted one position to left 
		add	r5,r5,r5	//	r5=r5*2==r5<<1	
–  How about shifting multiple positions to the left? 
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Tips and tricks 

•  IF statement 
  

 
 
 
 
 
 
 
Note the condition is inverted 

 

if	(x>0){	
				block_true	
				…	
}else{	
				block_false	
				…	
} 		
y=…	

	 	 

								blei	r5,	false		
								block_true	
								…	
								bri	end_if	
false:		block_false	
								…	
end_if:	y=…	
					

		
 

	 	 

Assume x is stored in r5	
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Tips and tricks 

•  IF statement 
  

 
 
 
 
 
 
 
Note the blocks are swapped 

 

if	(x>0){	
				block_true	
				…	
}else{	
				block_false	
				…	
} 		
y=…	

	 	 

								bgti	r5,	true	
								block_false	
								…	
								bri	end_if	
true:			block_true	
								…	
end_if:	y=…	
					

		
 

	 	 

Assume x is stored in r5	
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Tips and tricks 

•  WHILE loop 
 
 
 
 
 
 
 
 
Note the condition is inverted 

while	(x>0){	
				block	
				…	
}	
y=… 		
 

	 	 

condition:			blei	r5,	while_end		
													block	
								 					…	
													bri	condition	
while_end:			y=…	

		
 

	 	 

Assume x is stored in r5	
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Tips and tricks 

•  Multiplication 
–  Example r3 stores the product r5*r6	
								add	r3,r0,r0	
again:		beqi	r6,	done	
								add	r3,r3,r5	
								rsubi	r6,1,r6	
								bri	again	
done:			nop	
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Example 

•  Inspect if the binary representation of a number is a 
palindrome, i.e. reading it left to right is the same as 
reading it right to left. If so return 1, otherwise return 0. 

•  Example: “0x000FF000”à returns 1 
                “0xFF000000”à returns 0 
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Example 

int	palindrome(int	x){	
int	temp,	count,	inverted,	copied,	result;	
			count=32;	
			inverted=0;	
			copied=x;	
			while	(count!=0){	

	inverted=inverted<<1+x&1;	
								copied>>=1;	
								count--;	
			}	
			result=	inverted^x;	
			if	(result!=0)	

	result=-1;	
			return	result+1;		
}	
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Solution 

.global	palindrome 

.text 

.ent	palindrome 
palindrome:		add		r3,r0,r0	
													addi	r7,r0,32 
again: 						beqi	r7,	done 

						add	r3,r3,r3	
													andi	r4,r6,1	
													add	r3,r3,r4	
													addi	r7,r7,-1	 					
													bri	again	
done:								xor	r4,r5,r3 
													beqi	r4,	result	
													addi	r4,r0,-1	
result:						addi	r3,r4,1	
													rtsd	r15,	8	 	 
.end	palindrome 


