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1.1
Brief Introduction

OpenRISC 1601 is designed according to OR16 ISA. OR1601 is the simplest architecture with one bus interface unit (BIU) and one integer unit (IU). OR16 ISA are discussed and enacted by the OR1K design team. Initially, Damjan Lampret, Johan Rydberg and I are co-working on the project. We hope more and more people could be interested in it and could join the project.

1.2
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1.4 Architecture

The architecture of OR1601 is shown in Figure 1. Inside IU (Integer Unit), all the modules are flatten without deep hierarchy for easy modification. The Verilog hierarchy is shown in Table 1.

Table1: The hierarchy of OR1601 RTL

Module name
Description

Topcpu


Test bench top module

BRIDGE


Test bench bridge module contains both memory stub and auto program loading if PASS

CPU


Top CPU module


BIU

Bus interface unit


IU

Integer Unit



PCIFA
Program counter and insn fetch address generation



BPU
Branch processing unit



Regfile
Register file



SPRG
Special register group



LSU
Load/store unit



DEC
Decoding unit



DPCON
DataPath Control unit



DPFOR
Datapath forwarding unit



IALU
Integer ALU
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Figure 1: CPU top view
1.5 Special Register Group

The special registers now implemented in OR1601 are listed in Table 2. These symbols are defined in sys.h.

Table 2. Special register group

Register Name
Each bit position and its name
Description

CCR

(0x0000_0000)

Condition Control Register


[4]EXCEPT_BJDS
Exception takes place in Branch/jump Delay Slot


[3]INT_ENABLE
Interrupt enable


[2]OVERFL
Overflow


[1]CARRY
Carry 


[0]FLAG
Flag set by h.sf*/h.test* insn

SR

(0x0000_0002)

Supervisor register


[0]SUPV
Supervisor mode

PAIR

(0x0000_0003)

Post address increment register

EPCR

(0x0000_0010)

Exception program counter register

EEAR

(0x0000_0030)

Effective exception of unaligned address register









1.6 Design Docket

1. There will be one delay slot if h.lw/h.lhz/h.lbz is immediately followed by one instruction that will use the destination operand of load instructions.

2. There will be one delay slot if h.mfsr is immediately followed by one instruction that will use the destination operand of h.mfsr.

3. Store half-word and store byte will cost two cycles of memory access since it will first read the addressed word in the first memory cycle and merge the half-word/byte and write the merged word back into cache.

4. If exception happens in the branch/jump delay slot (BJDS=1), then EPCR will be set to the address of the branch/jump delay slot. If exception service routine wants to return correctly, it must decrement EPCR by 2.

5. Instruction, h.rfe, is used to clear SUPV bit.

6. Interrupt enable must be activated to enable external interrupt. Currently there are only three interrupt pins.

7. Different exceptions have different exception service addresses to boost fast exception process defined by OR1K system architecture.

8. In order to meet compact code density, OR16 ISA is enacted. There is one new technique of using three move-constant instructions to move 32-bit constant into one general register. The three instructions are h.movibze/ h.movibse/ h.movibls. The three instructions are made while I was playing basketball on Sunday or Saturday. I don’t remember now. I have to dig the email piles to find it. For more details, please refer to section 1.8. In fact, it is one of the techniques to use narrow instruction set (16-bit) to move wider constant data (32-bit) into registers.

9. Multiply/ divide/ modulus/ instructions are not yet supported. These instructions are pluggable. We could refrain compiler from generating these instructions.

10. The clocks used by IU and BIU are set the same now. In the future, they may use different clock rates.

1.7 TODO

Next, we need to add ICC (Instruction Cache Controller), DCC (Data Cache Controller), and WB (Write Buffer) in the respective module. BP (branch prediction) will be considered and implemented. We can also port it to other instruction set architecture easily by replacing the DEC module. To make it more and more popular, we need more and more people interested in it to join and collaborate on the project. The next blueprint is shown in Figure 2.
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Figure 2: next CPU (OR1602) architecture.
1.8
OR16

OR16 ISA (Instruction Set Architecture) is intended to increase the code density for embedded usage without compromising the performance. The instruction set width is always 16-bit, but the datapath width is 32-bit. It has the following classes of instructions to reach the goal:

· ALU ADD instructions: ADDS/ SUBS/ ADDU/ SUBU/ ADDWCS/ SUBWCS/ ADDIU/ ADDIS. ALL ALU ADD instructions will update the value of CARRY in CCR special register.

· ALU LOGIC instructions: NOTU/ NEGS/ XOR/ OR/ AND/ XORI/ ORI/ ANDI. H.NEGS will set or clear CARRY in CCR special register.

· ALU SHIFT instructions: SWAPB/ SWAPH/ SHLA/ SHRA/ SHRL/ SHLAI/ SHRAI/ SHRLI/ ROR/ ROL 

· ALU BIT manipulation instructions: CLR/ CLRI/ SET/ SETI.

· ALU MOVE instructions: MOVIBLS/ MOVIBZE/ MOVIBSE/ MOV

· ALU SIGN EXTENSION: EXTHS/ EXTHZ/ EXTBS/ EXTBZ

· MAC instructions: MULS/ MULU/ DIVS/ DIVU/ MSS/ MAS/ MODS/ MODU

· FLAG manipulation: TEST/ TESTI/ SFEQ/ SFNE/ SFGTS/ SFGES/ SFLTS/ SFLES/ SFGTU/ SFGEU/ SFLTU/ SFLEU: carry flag in CCR special register should not be affected by set flag instructions.

· JUMP/BRANCH instructions: JMP/ JAL/ BNF/ BF/ JALR/ JR

· SOFTWARE TRAP instructions: BRK/ SYS/ RFE

· Memory access WITHOUT auto address increment: LW/ LHZ/ LBZ/ SW/ SH/ SB.

· Memory access WITH auto post address increment: LWPAIN/ LHZPAIN/ LBZPAIN/ LHSPAIN/ LBSPAIN/ SWPAI/ SHPAI/ SBPAI/ SWPAIN/ SHPAIN/ SBPAIN.

· SPECIAL register access: MTSR/ MFSR
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FORMAT

h.lw rA, N(rB)

DESCRIPTION

Load Word and Extend with Zero. Offset is sign-extended, left shift 2 bits and added to the contents of general register rB. Sum represents effective address. The word in memory addressed by EA is loaded into general register rA.

OPERATION

EA ( (exts(Immediate) || 00) + rB

rA ( EA[31:0] 

EXAMPLES

h.lw r3, 4(r10)


; if r10=0x800 and mem[0x810] = 0x00aa00bb

                    ; r3 = 0x00aa00bb

NOTES

TLB miss, Page fault, Bus error
CLASS 1
Architecture Level
Execution Mode
Implementation


Core CPU
User and Supervisor
Mandatory

h.lhz
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FORMAT

h.lhz r8, N(rB)

DESCRIPTION

Load Half Word and Extend with Zero. Offset is sign-extended, left shift 1 bit and added to the contents of general register rB. Sum represents effective address. The half word in memory addressed by EA is loaded into the low-order 16 bits of general register rA. High-order 16 bits of general register rA are replaced with zero.
OPERATION

EA ( (exts(Immediate) || 0) + rB

rA ( (0x0000 || EA[15:0]) 

EXAMPLES

h.lhz r8, 4(r10)


; if r10=0x800 and mem[0x808] = 0xaabbccdd

                    ; r8 = 0x0000aabb

NOTES

TLB miss, Page fault, Bus error
CLASS 1
Architecture Level
Execution Mode
Implementation


Core CPU
User and Supervisor
Mandatory
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FORMAT

h.lbz r9, N(rB)

DESCRIPTION

Load Byte and Extend with Zero. Offset is sign-extended, and added to the contents of general register rB. Sum represents effective address. The half word in memory addressed by EA is loaded into the low-order 8 bits of general register rA. High-order 24 bits of general register rA are replaced with zero.
OPERATION

EA ( exts(Immediate) + rB

rA ( (0x000000 || EA[7:0]) 

EXAMPLES

h.lbz r9, 4(r10)


; if r10=0x800 and mem[0x804] = 0xaabbccdd

                    ; r8 = 0x000000aa

NOTES

TLB miss, Page fault, Bus error
CLASS 1
Architecture Level
Execution Mode
Implementation


Core CPU
User and Supervisor
Mandatory

h.sw
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FORMAT

h.sw N(rA), rB

DESCRIPTION

Store Word.. Offset is sign-extended, left shift 2 bits and added to the contents of general register rA. Sum represents effective address. The word in general register rB is stored to memory addressed by EA. 

OPERATION

EA ( (exts(Immediate) || 00) + rA

EA[31:0] ( rB 

EXAMPLES

h.sw 4(r10),r4


; if r10=0x800 and mem[0x810] = 0xaabbccdd and

                    ; r4 = 0x0000aabb, then 

                    ; mem[0x810] = 0x0000aabb

NOTES

TLB miss, Page fault, Bus error
CLASS 1
Architecture Level
Execution Mode
Implementation


Core CPU
User and Supervisor
Mandatory

h.sh
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FORMAT

h.sh N(rA), r8

DESCRIPTION

Store Half Word.. Offset is sign-extended, left shift 1 bits and added to the contents of general register rA. Sum represents effective address. The word in general register r8 is stored to memory addressed by EA. 

OPERATION

EA ( (exts(Immediate) || 0) + rA

EA[31:16] ( r8 

EXAMPLES

h.sh 4(r10),r8


; if r10=0x800 and mem[0x808] = 0xaabbccdd and

                    ; r8 = 0x00001122, then 

                    ; mem[0x808] = 0x1122ccdd

NOTES

TLB miss, Page fault, Bus error
CLASS 1
Architecture Level
Execution Mode
Implementation


Core CPU
User and Supervisor
Mandatory

h.sb
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FORMAT

h.sb N(rA), r9

DESCRIPTION

Store Half Word.. Offset is sign-extended, and added to the contents of general register rA. Sum represents effective address. The byte in general register r9 is stored to memory addressed by EA. 

OPERATION

EA ( exts(Immediate) + rA

EA[31:24] ( r9 

EXAMPLES

h.sb 4(r10),r9


; if r10=0x800 and mem[0x804] = 0xaabbccdd and

                    ; r9 = 0x00001122, then 

                    ; mem[0x804] = 0x22bbccdd

NOTES

TLB miss, Page fault, Bus error
CLASS 1
Architecture Level
Execution Mode
Implementation


Core CPU
User and Supervisor
Mandatory

h.movibls
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FORMAT

h.movibls rA, M

DESCRIPTION

Register left shift 8 bits and merge with constant. The register content of rA is left shifted 8 bits and merge with immediate constant M. The result is put in rA.

OPERATION

rA ( (rA[23:0] || Immediate M)

EXAMPLES

h.movibls r7, 0x11

; if r7=0xaabbccdd, 

                    ; then r7 = 0xbbccdd11

NOTES

CLASS 1
Architecture Level
Execution Mode
Implementation


Core CPU
User and Supervisor
Mandatory

h.movibze
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FORMAT

h.movibze rA, M

DESCRIPTION

Immediate byte ZERO extended. 8-bit immediate is ZERO-extended to 32 bits and placed into general register rA..

OPERATION

rA ( (0x000000 || Immediate M)

EXAMPLES

h.movibze r7, 0xaa

; if r7=0xaabbccdd, 

                    ; then r7 = 0x000000aa

NOTES

CLASS 1
Architecture Level
Execution Mode
Implementation


Core CPU
User and Supervisor
Mandatory

h.movibse
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FORMAT

h.movibse rA, M

DESCRIPTION

Immediate byte SIGN extended. 8-bit immediate is SIGN-extended to 32 bits and placed into general register rA..

OPERATION

rA ( (exts(Immediate M))

EXAMPLES

h.movibze r7, 0xaa

; if r7=0xaabbccdd, 

                    ; then r7 = 0xffffffaa

NOTES

CLASS 1
Architecture Level
Execution Mode
Implementation


Core CPU
User and Supervisor
Mandatory

h.lwpain

15            12
11              8
7              4
3              0

0x5
0x0
A
N






FORMAT

h.lwpain rA, N

DESCRIPTION

Load Word with Post Address Increment Register. PAIR(Post Address Increment Register) represents EA(Effective Address). The word in memory addressed by EA is loaded into general register rA. And PAIR is then updated with the sum of PAIR and (N || 00).

OPERATION

EA ( PAIR

rA ( mem[EA]

PAIR ( PAIR + N*4, N= (8 to 7 

EXAMPLES

h.lwpain r3, 4


; if PAIR=0x800 and mem[0x800] = 0x00aa00bb

                    ; then r3 = 0x00aa00bb and PAIR = 0x810

NOTES

TLB miss, Page fault, Bus error
CLASS 1
Architecture Level
Execution Mode
Implementation


Core CPU
User and Supervisor
Mandatory

h.lhzpain
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FORMAT

h.lhzpain rA, N

DESCRIPTION

Load Half Word with Post Address Increment Register and Half-word is extended with ZERO.. PAIR(Post Address Increment Register) represents EA(Effective Address). The halfword in memory addressed by EA is loaded into general register rA. And PAIR is then updated with the sum of PAIR and (N || 0).

OPERATION

EA ( PAIR

tmp ( mem[EA]

rA ( (0x0000 || tmp[31:16] or tmp[15:0])

PAIR ( PAIR + N*2, N= (8 to 7 

EXAMPLES

h.lhzpain r3, 4


; if PAIR=0x800 and mem[0x800] = 0xaabbccdd

                    ; then r3 = 0x0000aabb and PAIR = 0x808

NOTES

TLB miss, Page fault, Bus error
CLASS 1
Architecture Level
Execution Mode
Implementation


Core CPU
User and Supervisor
Mandatory

h.lbzpain
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FORMAT

h.lbzpain rA, N

DESCRIPTION

Load Half Word with Post Address Increment Register and Half-word is extended with ZERO.. PAIR(Post Address Increment Register) represents EA(Effective Address). The halfword in memory addressed by EA is loaded into general register rA. And PAIR is then updated with the sum of PAIR and N.

OPERATION

EA ( PAIR

tmp ( mem[EA]

rA ( (0x000000 || tmp[31:24] or tmp[23:16] or tmp[15:8] or tmp[7:0])

PAIR ( PAIR + N, N= (8 to 7 

EXAMPLES

h.lbzpain r3, 4


; if PAIR=0x800 and mem[0x800] = 0xaabbccdd

                    ; then r3 = 0x000000aa and PAIR = 0x804

NOTES

TLB miss, Page fault, Bus error
CLASS 1
Architecture Level
Execution Mode
Implementation


Core CPU
User and Supervisor
Mandatory

h.lhspain
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FORMAT

h.lhspain rA, N

DESCRIPTION

Load Half Word with Post Address Increment Register and Half-word is extended with SIGN.. PAIR(Post Address Increment Register) represents EA(Effective Address). The halfword in memory addressed by EA is loaded into general register rA. And PAIR is then updated with the sum of PAIR and (N || 0).

OPERATION

EA ( PAIR

tmp ( mem[EA]

rA ( exts(tmp[31:16] or tmp[15:0])

PAIR ( PAIR + N*2, N= (8 to 7 

EXAMPLES

h.lhspain r3, 4


; if PAIR=0x800 and mem[0x800] = 0xaabbccdd

                    ; then r3 = 0xffffaabb and PAIR = 0x808

NOTES

TLB miss, Page fault, Bus error
CLASS 1
Architecture Level
Execution Mode
Implementation


Core CPU
User and Supervisor
Mandatory

h.lbspain
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FORMAT

h.lbspain rA, N

DESCRIPTION

Load Byte with Post Address Increment Register and Byte is extended with SIGN.. PAIR(Post Address Increment Register) represents EA(Effective Address). The byte in memory addressed by EA is loaded into general register rA. And PAIR is then updated with the sum of PAIR and N.

OPERATION

EA ( PAIR

tmp ( mem[EA]

rA ( (0x000000 || tmp[31:24] or tmp[23:16] or tmp[15:8] or tmp[7:0])

PAIR ( PAIR + N, N= (8 to 7 

EXAMPLES

h.lbspain r3, 4


; if PAIR=0x800 and mem[0x800] = 0xaabbccdd

                    ; then r3 = 0xffffffaa and PAIR = 0x804

NOTES

TLB miss, Page fault, Bus error
CLASS 1
Architecture Level
Execution Mode
Implementation


Core CPU
User and Supervisor
Mandatory

h.swpai
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FORMAT

h.swpai rA, rB

DESCRIPTION

Store Word and Post Address Increment by 4. The content of rA represents effective address. The word register rB is stored to memory addressed by EA. Besides, the content of rA is incremented by one word.

OPERATION

EA ( rA

mem[EA] ( rB 

rA ( rA + 4

EXAMPLES

h.swpai r10,r4


; if r10=0x800 and mem[0x800] = 0xaabbccdd and

                    ; r4 = 0x0000aabb,

                    ; then mem[0x800] = 0x0000aabb and r10=0x804.

NOTES

TLB miss, Page fault, Bus error
CLASS 1
Architecture Level
Execution Mode
Implementation


Core CPU
User and Supervisor
Mandatory

h.shpai
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FORMAT

h.shpai rA, rB

DESCRIPTION

Store Word and Post Address Increment by 2. The content of rA represents effective address. The word register rB is stored to memory addressed by EA. Besides, the content of rA is incremented by two(halfword).

OPERATION

EA ( rA

mem[EA] ( rB[15:0] 

rA ( rA + 2

EXAMPLES

h.shpai r10,r4


; if r10=0x800 and mem[0x800] = 0xaabbccdd and

                    ; r4 = 0x11223344,

                    ; then mem[0x800] = 0x3344ccdd and r10=0x802.

NOTES

TLB miss, Page fault, Bus error
CLASS 1
Architecture Level
Execution Mode
Implementation


Core CPU
User and Supervisor
Mandatory

h.sbpai
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FORMAT

h.sbpai rA, rB

DESCRIPTION

Store Word and Post Address Increment by 1. The content of rA represents effective address. The word register rB is stored to memory addressed by EA. Besides, the content of rA is incremented by one (byte).

OPERATION

EA ( rA

mem[EA] ( rB[7:0] 

rA ( rA + 1

EXAMPLES

h.sbpai r10,r4


; if r10=0x803 and mem[0x800] = 0xaabbccdd and

                    ; r4 = 0x11223344,

                    ; then mem[0x800] = 0xaabbcc44 and r10=0x804.

NOTES

TLB miss, Page fault, Bus error
CLASS 1
Architecture Level
Execution Mode
Implementation


Core CPU
User and Supervisor
Mandatory

h.swpain
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FORMAT

h.swpain N, rB

DESCRIPTION

Store Word and Post Address Increment by Signed Immediate. The content of PAIR represents effective address(EA). The word register rB is stored to memory addressed by EA. Besides, the content of PAIR is incremented by 4*N.

OPERATION

EA ( PAIR

mem[EA] ( rB

PAIR ( PAIR + N * 4

EXAMPLES

h.swpain 3,r4


; if PAIR=0x800 and mem[0x800] = 0xaabbccdd and

                    ; r4 = 0x11223344,

                    ; then mem[0x800] = 0x11223344 and PAIR=0x80c.

NOTES

TLB miss, Page fault, Bus error
CLASS 1
Architecture Level
Execution Mode
Implementation


Core CPU
User and Supervisor
Mandatory

h.shpain
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FORMAT

h.shpain N, rB

DESCRIPTION

Store HalfWord and Post Address Increment by Signed Immediate. The content of PAIR represents effective address(EA). The word register rB is stored to memory addressed by EA. Besides, the content of PAIR is incremented by 2*N. 

OPERATION

EA ( PAIR

mem[EA] ( rB[15:0]

PAIR ( PAIR + N * 2

EXAMPLES

h.shpain 3,r4


; if PAIR=0x800 and mem[0x800] = 0xaabbccdd and

                    ; r4 = 0x11223344,

                    ; then mem[0x800] = 0x3344ccdd and PAIR=0x806.

NOTES

TLB miss, Page fault, Bus error
CLASS 1
Architecture Level
Execution Mode
Implementation


Core CPU
User and Supervisor
Mandatory

h.sbpain
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FORMAT

h.sbpain N, rB

DESCRIPTION

Store Byte and Post Address Increment by Signed Immediate. The content of PAIR represents effective address(EA). The general register rB is stored to memory addressed by EA. Besides, the content of PAIR is incremented by N. 

OPERATION

EA ( PAIR

mem[EA] ( rB[7:0]

PAIR ( PAIR + N 

EXAMPLES

h.sbpain 5,r4


; if PAIR=0x800 and mem[0x804] = 0xaabbccdd and

                    ; r4 = 0x11223344,

                    ; then mem[0x804] = 0xaa44ccdd and PAIR=0x805

NOTES

TLB miss, Page fault, Bus error
CLASS 1
Architecture Level
Execution Mode
Implementation


Core CPU
User and Supervisor
Mandatory

h.addiu
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FORMAT

h.addiu rA, M

DESCRIPTION

Add Immediate ZERO Extended. The content of general register rA is added with immediate unsigned constant(zero extended). The result is put in rA.

OPERATION

rA ( rA + extz(Immediate M ) (M= 0 to 255)

EXAMPLES

h.addiu r4,9


; if r4 = 0x11223344

                    ; r4 = 0x1122334d,

NOTES

CLASS 1
Architecture Level
Execution Mode
Implementation


Core CPU
User and Supervisor
Mandatory

h.addis
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FORMAT

h.addis rA, M

DESCRIPTION

Add Immediate Sign Extended. The content of general register rA is added with immediate signed constant(sign extended). The result is put in rA. If overflow happens, then PC will be updated with 0x0E00 and the original content of rA will not be touched.

OPERATION

rA ( rA + exts(Immediate M ) (M= (128 to 127)

if Overflow happens, then PCSR ( PC and nextPC ( 0x0E00 and rA is unaffected and OVERFL(overflow flag) and SUPV(Supervisor Mode) is set to 1.

EXAMPLES

h.addis r4,(9


; if r4 = 0x11223344

                    ; then r4 = 0x1122333b,

h.addis r1,0x2


; if r1 = 0x7fffffff, then r1=0x7fffffff and PCSR=PC,






; and PC = 0x0E00 and OVERFL=1

NOTES

ALU overflow exception

CLASS 1
Architecture Level
Execution Mode
Implementation


Core CPU
User and Supervisor
Mandatory

h.jmp
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FORMAT

h.jmp X

DESCRIPTION

Jump. The immediate constant(12 bits) is shifted left one bit and added to the content of general register rA to generate the next program counter. The result is the effective address of the jump. The program counter unconditionally jumps to EA with one delay slot.

OPERATION

PC ( PC + exts(X || 0) 

EXAMPLES

h.jmp _label1


; if r2=0x34

h.addis r2,2

; then r2=0x36 ( this insn will be executed 



; before jump to _label1

h.addis r2,1


; this insn will not be executed

                    ; 

_label1:

h.addis r2,3


;then r2=0x39…
NOTES

TLB miss, Page fault, Bus Error

CLASS 1
Architecture Level
Execution Mode
Implementation


Core CPU
User and Supervisor
Mandatory

h.jal
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FORMAT

h.jal X

DESCRIPTION

Jump and Link Register. The immediate constant(12 bits) is shifted left one bit and added to the content of general register rA to generate the next program counter. The program counter unconditionally jumps to EA with one delay slot. The address of the instruction after delay slot is placed in Link Register(LR), r8.

OPERATION

PC ( PC + exts(X || 0) 

LR(r8) ( InsnAddress(h.jal)+4

EXAMPLES

0x12
: h.jal _label1


; if r2=0x34,r8=11223344

0x14    : h.addis r2,2



; then r2=0x36 ( this insn will be executed 





; before jump to _label1

0x16
: h.addis r2,1


; this insn will not be executed

                    

; 

_label1:

0x22
: h.addis r2,3


;then r8=0x16, r2=0x39…
NOTES

TLB miss, Page fault, Bus Error

CLASS 1
Architecture Level
Execution Mode
Implementation


Core CPU
User and Supervisor
Mandatory

h.bnf

15            12
11              8
7              4
3              0

0xA
X
X
X






FORMAT

h.bnf X

DESCRIPTION

Branch if Not Flag. The immediate constant(12 bits) is shifted left one bit and added to the instruction address of h.bnf to generate the next program counter. The program counter jumps to the next program counter with one delay slot if Flag is equal to ZERO. Otherwise, the instruction after the delay slot is executed.

OPERATION

If(Flag == 1) 
PC ( PC + 2 

Else 


PC ( PC + exts(X || 0)

EXAMPLES

0x12
: h.bnf _label1


; if Flag=0, r2=0x34,r8=11223344

0x14    : h.addis r2,2



; then r2=0x36 ( this insn will be executed 





; before jump to _label1

0x16
: h.addis r2,1


; this insn will not be executed

_label1:

0x22
: h.addis r2,3


;then r8=0x16, r2=0x39…
NOTES

TLB miss, Page fault, Bus Error

CLASS 1
Architecture Level
Execution Mode
Implementation


Core CPU
User and Supervisor
Mandatory

h.bf

15            12
11              8
7              4
3              0

0xB
X
X
X






FORMAT

h.bf X

DESCRIPTION

Branch if Not Flag. The immediate constant(12 bits) is shifted left one bit and added to the instruction address of h.bf to generate the next program counter. The program counter jumps to the next program counter with one delay slot if Flag is equal to ONE. Otherwise, the instruction after the delay slot is executed.

OPERATION

If(Flag == 0) 
PC ( PC + 2 

Else 


PC ( PC + exts(X || 0)

EXAMPLES

0x12
: h.bf _label1


; if Flag=1, r2=0x34,r8=0x11223344

0x14    : h.addis r2,2



; then r2=0x36 ( this insn will be executed 





; before jump to _label1

0x16
: h.addis r2,1


; this insn will not be executed

_label1:

0x22
: h.addis r2,3


;then r8=0x16, r2=0x39…
NOTES

TLB miss, Page fault, Bus Error

CLASS 1
Architecture Level
Execution Mode
Implementation


Core CPU
User and Supervisor
Mandatory

h.sfeq

15            12
11              8
7              4
3              0

0xC
0
A
B






FORMAT

h.sfeq rA,rB

DESCRIPTION

Set Flag if Equal. The content of general register rA is compared with the content of rB. If the contents of the two registers are equal, Flag is set to 1. Otherwise, Flag is cleared to 0.

OPERATION

If(rA == rB)
Flag = 1,

Else


Flag = 0.

EXAMPLES

h.sfeq r0, r2



; if r2 = 0x00, then Flag = 1

h.sfeq r0, r3



; if r3 = 0x01, then Flag = 0

NOTES

CLASS 1
Architecture Level
Execution Mode
Implementation


Core CPU
User and Supervisor
Mandatory

h.sfne

15            12
11              8
7              4
3              0

0xC
0x1
A
B






FORMAT

h.sfne rA,rB

DESCRIPTION

Set Flag if Not Equal. The content of general register rA is compared with the content of rB. If the contents of the two registers are not equal, Flag is set to 1. Otherwise, Flag is cleared to 0.

OPERATION

If(rA != rB)
Flag = 1,

Else


Flag = 0.

EXAMPLES

h.sfne r0, r2



; if r2 = 0x01, then Flag = 1

h.sfne r0, r0



; Flag = 0

h.sfeq r0, r0



; Flag = 1

NOTES

CLASS 1
Architecture Level
Execution Mode
Implementation


Core CPU
User and Supervisor
Mandatory

h.sfgts

15            12
11              8
7              4
3              0

0xC
0x2
A
B






FORMAT

h.sfgts rA,rB

DESCRIPTION

Set Flag if Greater Than Signed. The content of general register rA is compared with the content of rB. If the content of rA is greater than that of rB, Flag is set to 1. Otherwise, Flag is cleared to 0.

OPERATION

If(rA > rB)
Flag = 1,

Else


Flag = 0.

EXAMPLES

h.sfgts r2, r0



; if r2 = 0x01, then Flag = 1

h.sfgts r3, r0



; if r3 = 0xffff0000, then Flag = 0

h.sfgtu r3, r0



; if r3 = 0xffff0000, then Flag = 1

h.sfgts r0, r0



; Flag = 0

NOTES

CLASS 1
Architecture Level
Execution Mode
Implementation


Core CPU
User and Supervisor
Mandatory

h.sfges

15            12
11              8
7              4
3              0

0xC
0x3
A
B






FORMAT

h.sfges rA,rB

DESCRIPTION

Set Flag if Greater Than or Equal to Signed. The content of general register rA is compared with the content of rB. If the content of rA is greater than or equal to that of rB, Flag is set to 1. Otherwise, Flag is cleared to 0.

OPERATION

If(rA ( rB)
Flag = 1,

Else


Flag = 0.

EXAMPLES

h.sfges r2, r0



; if r2 = 0x01, then Flag = 1

h.sfges r3, r0



; if r3 = 0xffff0000, then Flag = 0

h.sfgeu r3, r0



; if r3 = 0xffff0000, then Flag = 1

h.sfges r0, r0



; Flag = 1

NOTES

CLASS 1
Architecture Level
Execution Mode
Implementation


Core CPU
User and Supervisor
Mandatory

h.sflts

15            12
11              8
7              4
3              0

0xC
0x4
A
B






FORMAT

h.sflts rA,rB

DESCRIPTION

Set Flag if Less Than Signed. The content of general register rA is compared with the content of rB. If the content of rA is less than that of rB, Flag is set to 1. Otherwise, Flag is cleared to 0.

OPERATION

If(rA < rB)
Flag = 1,

Else


Flag = 0.

EXAMPLES

h.sflts r2, r0



; if r2 = 0x01, then Flag = 0

h.sflts r3, r0



; if r3 = 0xffff0000, then Flag = 1

h.sfltu r3, r0



; if r3 = 0xffff0000, then Flag = 0

h.sflts r0, r0



; Flag = 0

NOTES

CLASS 1
Architecture Level
Execution Mode
Implementation


Core CPU
User and Supervisor
Mandatory

h.sfles

15            12
11              8
7              4
3              0

0xC
0x5
A
B






FORMAT

h.sfles rA,rB

DESCRIPTION

Set Flag if Less Than or Equal to Signed. The content of general register rA is compared with the content of rB. If the content of rA is less than or equal to that of rB, Flag is set to 1. Otherwise, Flag is cleared to 0.

OPERATION

If(rA ( rB)
Flag = 1,

Else


Flag = 0.

EXAMPLES

h.sflts r2, r0



; if r2 = 0x01, then Flag = 0

h.sflts r3, r0



; if r3 = 0xffff0000, then Flag = 1

h.sfltu r3, r0



; if r3 = 0xffff0000, then Flag = 0

h.sflts r0, r0



; Flag = 0

NOTES

CLASS 1
Architecture Level
Execution Mode
Implementation


Core CPU
User and Supervisor
Mandatory

h.sfgtu

15            12
11              8
7              4
3              0

0xC
0x6
A
B






FORMAT

h.sfgtu rA,rB

DESCRIPTION

Set Flag if Greater Than Unsigned. The content of general register rA is compared with the content of rB. If the content of rA is greater than that of rB, Flag is set to 1. Otherwise, Flag is cleared to 0.

OPERATION

If(rA > rB)
Flag = 1,

Else


Flag = 0.

EXAMPLES

h.sfgtu r2, r0



; if r2 = 0x01, then Flag = 1

h.sfgtu r3, r0



; if r3 = 0xffff0000, then Flag = 1

h.sfgts r3, r0



; if r3 = 0xffff0000, then Flag = 0

h.sfgtu r0, r0



; Flag = 0

NOTES

CLASS 1
Architecture Level
Execution Mode
Implementation


Core CPU
User and Supervisor
Mandatory

h.sfgeu

15            12
11              8
7              4
3              0

0xC
0x7
A
B






FORMAT

h.sfgeu rA,rB

DESCRIPTION

Set Flag if Greater Than or Equal to Unsigned. The content of general register rA is compared with the content of rB. If the content of rA is greater than or equal to that of rB, Flag is set to 1. Otherwise, Flag is cleared to 0.

OPERATION

If(rA ( rB)
Flag = 1,

Else


Flag = 0.

EXAMPLES

h.sfgeu r2, r0



; if r2 = 0x01, then Flag = 1

h.sfgeu r3, r0



; if r3 = 0xffff0000, then Flag = 1

h.sfges r3, r0



; if r3 = 0xffff0000, then Flag = 0

h.sfgeu r0, r0



; Flag = 1

NOTES

CLASS 1
Architecture Level
Execution Mode
Implementation


Core CPU
User and Supervisor
Mandatory

h.sfltu

15            12
11              8
7              4
3              0

0xC
0x8
A
B






FORMAT

h.sfltu rA,rB

DESCRIPTION

Set Flag if Less Than Unsigned. The content of general register rA is compared with the content of rB. If the content of rA is less than that of rB, Flag is set to 1. Otherwise, Flag is cleared to 0.

OPERATION

If(rA < rB)
Flag = 1,

Else


Flag = 0.

EXAMPLES

h.sfltu r2, r0



; if r2 = 0x01, then Flag = 0

h.sfltu r0, r2



; if r2 = 0x01, then Flag = 1

h.sfltu r3, r0



; if r3 = 0xffff0000, then Flag = 0

h.sflts r3, r0



; if r3 = 0xffff0000, then Flag = 1

h.sfltu r0, r0



; Flag = 0

NOTES

CLASS 1
Architecture Level
Execution Mode
Implementation


Core CPU
User and Supervisor
Mandatory

h.sfleu

15            12
11              8
7              4
3              0

0xC
0x9
A
B






FORMAT

h.sfleu rA,rB

DESCRIPTION

Set Flag if Less Than or Equal to Unsigned. The content of general register rA is compared with the content of rB. If the content of rA is less than or equal to that of rB, Flag is set to 1. Otherwise, Flag is cleared to 0.

OPERATION

If(rA ( rB)
Flag = 1,

Else


Flag = 0.

EXAMPLES

h.sfleu r2, r0



; if r2 = 0x01, then Flag = 0

h.sfleu r0, r2



; if r2 = 0x01, then Flag = 1

h.sfleu r3, r0



; if r3 = 0xffff0000, then Flag = 0

h.sfles r3, r0



; if r3 = 0xffff0000, then Flag = 1

h.sfleu r0, r0



; Flag = 1

NOTES

CLASS 1
Architecture Level
Execution Mode
Implementation


Core CPU
User and Supervisor
Mandatory

h.exths

15            12
11              8
7              4
3              0

0xC
0xA
A
0x0






FORMAT

h.exths rA

DESCRIPTION

Extend Halfword with Sign. Bit 15 of general register rA is placed in the high order 16 bits of general register rA. The lower order 16 bits of general register rA are left unchanged. 

OPERATION

rA[31:16] ( rA[15] or

rA ( exts(rA[15:0])

EXAMPLES

h.exths r0





; r0 = 0

h.exths r1





; if r1 = 0xaabbccdd, then r1 = 0xffffccdd

h.exths r2





; if r2 = 0x11223344, then r2 = 0x00003344

NOTES

CLASS 1
Architecture Level
Execution Mode
Implementation


Core CPU
User and Supervisor
Mandatory

h.exthz

15            12
11              8
7              4
3              0

0xC
0xA
A
0x1






FORMAT

h.exthz rA

DESCRIPTION

Extend Halfword with Zero. ZERO is placed in the high order 16 bits of general register rA. The lower order 16 bits of general register rA are left unchanged. 

OPERATION

rA[31:16] ( 0x0000 or

rA ( extz(rA[15:0])

EXAMPLES

h.exthz r0





; r0 = 0

h.exthz r1





; if r1 = 0xaabbccdd, then r1 = 0x0000ccdd

h.exthz r2





; if r2 = 0x11223344, then r2 = 0x00003344

NOTES

CLASS 1
Architecture Level
Execution Mode
Implementation


Core CPU
User and Supervisor
Mandatory

h.extbs

15            12
11              8
7              4
3              0

0xC
0xA
A
0x2






FORMAT

h.extbs rA

DESCRIPTION

Extend Byte with Sign. Bit 7 of general register rA is placed in the high order 24 bits of general register rA. The lower order 8 bits of general register rA are left unchanged. 

OPERATION

rA[31:8] ( rA[7] or

rA ( exts(rA[7:0])

EXAMPLES

h.extbs r0





; r0 = 0

h.extbs r1





; if r1 = 0xaabbccdd, then r1 = 0xffffffdd

h.extbs r2





; if r2 = 0x11223344, then r2 = 0x00000044

NOTES

CLASS 1
Architecture Level
Execution Mode
Implementation


Core CPU
User and Supervisor
Mandatory

h.extbz

15            12
11              8
7              4
3              0

0xC
0xA
A
0x3






FORMAT

h.extbz rA

DESCRIPTION

Extend Byte with Zero. ZERO is placed in the high order 24 bits of general register rA. The lower order 24 bits of general register rA are left unchanged. 

OPERATION

rA[31:8] ( 0x000000 or

rA ( extz(rA[7:0])

EXAMPLES

h.extbz r0





; r0 = 0

h.extbz r1





; if r1 = 0xaabbccdd, then r1 = 0x000000dd

h.extbz r2





; if r2 = 0x11223344, then r2 = 0x00000044

NOTES

CLASS 1
Architecture Level
Execution Mode
Implementation


Core CPU
User and Supervisor
Mandatory

h.nop

15            12
11              8
7              4
3              0

0xC
0xA
A
0x4






FORMAT

h.nop

DESCRIPTION

No Operation

OPERATION

PC ( PC + 2(default with each instruction)

EXAMPLES

NOTES

CLASS 1
Architecture Level
Execution Mode
Implementation


Core CPU
User and Supervisor
Mandatory

h.jalr

15            12
11              8
7              4
3              0

0xC
0xA
A
0x5






FORMAT

h.jalr rA

DESCRIPTION

Jump Register and Link Register. The content of general register rA is used as the next program counter. The program counter unconditionally jumps to the next program counter with one delay slot. The address of the instruction after delay slot is placed in Link Register(LR), r8. The instruction in the delay slot will be executed.

OPERATION

PC ( rA

LR(r8) ( InsnAddress(h.jalr)+4

EXAMPLES

0x12
: h.jalr r3



; if r3=0x22, r2=0x34, r8=0x11223344
0x14    : h.addis r2,2



; then r2=0x36 ( this insn will be executed 





; before jump to _label1

0x16
: h.addis r2,1


; this insn will not be executed

_label1:

0x22
: h.addis r2,3


;then r8=0x16, r2=0x39…
NOTES

TLB miss, Page fault, Bus Error

CLASS 1
Architecture Level
Execution Mode
Implementation


Core CPU
User and Supervisor
Mandatory

h.jr

15            12
11              8
7              4
3              0

0xC
0xA
A
0x6






FORMAT

h.jr rA

DESCRIPTION

Jump Register. The content of general register rA is used as the next program counter. The program counter unconditionally jumps to the next program counter with one delay slot. The instruction in the delay slot will be executed.

OPERATION

PC ( rA

EXAMPLES

0x12
: h.jr r3



; if r3=0x22, r2=0x34, r8=0x11223344
0x14    : h.addis r2,2



; then r2=0x36 ( this insn will be executed 





; before jump to _label1

0x16
: h.addis r2,1


; this insn will not be executed

_label1:

0x22
: h.addis r2,3


;then r8=0x11223344, r2=0x39…
NOTES

TLB miss, Page fault, Bus Error

CLASS 1
Architecture Level
Execution Mode
Implementation


Core CPU
User and Supervisor
Mandatory

h.muls

15            12
11              8
7              4
3              0

0xC
0xB
A
B






FORMAT

h.muls rA, rB

DESCRIPTION

Multiplied Signed. The contents of general registers rA and rB are multiplied. The lower 32 bits of the product are placed in register rA, and the higher 32 bits are placed in MACHI. Both operands are treated as signed integers. 

OPERATION

tmp[63:0] ( rA * rB

rA ( tmp[31:0]

MACHI ( tmp[63:32]

EXAMPLES

h.muls r1,r2

; if r1=0x11, r2=0x2, then r1=0x22 and MACHI=0

h.muls r3,r2

; if r3=0xfffffffe, r2=0x2, then r3=0xfffffffc 





; and MACHI = 0xffffffff

NOTES

CLASS 1
Architecture Level
Execution Mode
Implementation


Core CPU
User and Supervisor
Optional

h.mulu

15            12
11              8
7              4
3              0

0xC
0xC
A
B






FORMAT

h.mulu rA, rB

DESCRIPTION

Multiplied Unsigned. The contents of general registers rA and rB are multiplied. The lower 32 bits of the product are placed in register rA, and the higher 32 bits are placed in MACHI. Both operands are treated as unsigned integers. 

OPERATION

tmp[63:0] ( rA * rB

rA ( tmp[31:0]

MACHI ( tmp[63:32]

EXAMPLES

h.mulu r1,r2

; if r1=0x11, r2=0x2, then r1=0x22 and MACHI=0

h.mulu r3,r2

; if r3=0xfffffffe, r2=0x2, then r3=0xfffffffc 





; and MACHI = 0x00000001

NOTES

CLASS 1
Architecture Level
Execution Mode
Implementation


Core CPU
User and Supervisor
Optional

h.divs

15            12
11              8
7              4
3              0

0xC
0xD
A
B






FORMAT

h.divs rA, rB

DESCRIPTION

Divide Signed. The content of general register rA is divided by that of rB. The quotient is placed in rA. Both operands are treated as signed integers. A divisor ZERO flag is set to 1 if the content of rB is equal to ZERO. The MACHI and MACLO are unaffected by this instruction.

OPERATION

rA ( rA / rB

if (rB == 0), then PCSR = PC and next PC = 0x0F00 and rA is unaffected and

DIVZERO=1 and SUPV ( 1.

EXAMPLES

h.divs r1,r2


; if r1=0x11, r2=0x2, then r1=0x8 

h.divs r3,r2


; if r3=0xfffffffe, r2=0x2, then r3=0xffffffff 

h.divs r3,r2


; if r3=0xfffffffe, r2=0xffffffff, then r3=0x2

h.divs r3,r2


; if r3=0x11, r2=0xfffffffe, then r3=0xfffffff8

h.divs r3,r0


; if r3=0x11, then r3=0x11 (unaffected), DIVZERO=1,





; and PC = 0x0F00 

NOTES

DIVided by ZERO exception

CLASS 1
Architecture Level
Execution Mode
Implementation


Core CPU
User and Supervisor
Optional

h.divu

15            12
11              8
7              4
3              0

0xC
0xE
A
B






FORMAT

h.divu rA, rB

DESCRIPTION

Divide Unsigned. The content of general register rA is divided by that of rB. The quotient is placed in rA. Both operands are treated as unsigned integers. A divisor ZERO flag is set to 1 if the content of rB is equal to ZERO. The MACHI and MACLO are unaffected by this instruction.

OPERATION

rA ( rA / rB

if (rB == 0), then PCSR = PC and next PC = 0x0F00 and rA is unaffected.

and DIVZERO=1 and SUPV ( 1.

EXAMPLES

h.divu r1,r2


; if r1=0x11, r2=0x2, then r1=0x8 

h.divu r3,r2


; if r3=0xfffffffe, r2=0x2, then r3=0x7fffffff 

h.divu r3,r2


; if r3=0xfffffffe, r2=0xffffffff, then r3=0x0

h.divu r3,r2


; if r3=0x11, r2=0xfffffffe, then r3=0

h.divu r3,r0


; if r3=0x11, then r3=0x11 (unaffected), DIVZERO=1,





; and PC = 0x0F00, PCSR = PC of divu.

NOTES

DIVided by ZERO exception

CLASS 1
Architecture Level
Execution Mode
Implementation


Core CPU
User and Supervisor
Optional

h.mov

15            12
11              8
7              4
3              0

0xD
0x1
A
B






FORMAT

h.mov rA, rB

DESCRIPTION

Move. The content of general register rB is moved into general register rA. 

OPERATION

rA ( rB

EXAMPLES

h.mov r1, r0



; if r1=0xaa11bb22, then r1=0x00000000

h.mov r0, r1



; if r1=0xaabbccdd, then r0=0x00000000

NOTES

CLASS 1
Architecture Level
Execution Mode
Implementation


Core CPU
User and Supervisor
Mandatory

h.brk

15            12
11              8
7              4
3              0

0xD
0x0
M
M






FORMAT

h.brk M

DESCRIPTION

Software Break. The software break instruction is used to generate unconditional exception. PC will be updated with the new address 0x0D00 and enters supervisor mode. PCSR will keep the address of the instruction, h.brk.

OPERATION

PCSR ( InsnAddress(PC)

PC ( 0x00000D00 and SUPV ( 1

EXAMPLES

0x12

h.brk 20


; PC = 0x0012, r2=0x01

0x14

h.addis r2,2

; this instruction will not be executed.








; PC will be 0x0D00 and PCSR = 0x12

0x0D00

h.addis r2,2

; r2=0x03

NOTES

Software break exception

CLASS 1
Architecture Level
Execution Mode
Implementation


Core CPU
Supervisor
Mandatory

h.sys

15            12
11              8
7              4
3              0

0xD
0x8
M
M






FORMAT

h.sys M

DESCRIPTION

Software System call. The software system call instruction is used to generate unconditional exception. PC will be updated with the new address 0x0C00 and will enter supervisor mode. PCSR will keep the address of the instruction, h.sys.

OPERATION

PCSR ( InsnAddress(PC)

PC ( 0x00000C00 and SUPV ( 1

EXAMPLES

0x12

h.sys 20


; PC = 0x0012, r2=0x01

0x14

h.addis r2,2

; this instruction will not be executed.








; PC will be 0x0D00 and PCSR = 0x12

0x0C00

h.addis r2,2

; r2=0x03

NOTES

Software system call exception

CLASS 1
Architecture Level
Execution Mode
Implementation


Core CPU
Supervisor
Mandatory

h.rfe

15            12
11              8
7              4
3              0

0xD
0x9
0x0
0x0






FORMAT

h.rfe

DESCRIPTION

Software return from exception. h.rfe makes CPU enter user mode. And the SUPV bit (Supervisor Mode) in Supervision Register (SR) will be cleared to 0.

OPERATION

SUPV ( 0

EXAMPLES

0x0C00

h.addis r2,2

; SUPV=1, r2=0x03

0x0C08

h.mfsr r2, PCSR

;

0x0C0A

h.addiu r2,2

;

0x0C0C

h.jr r2

0x0C0E

h.rfe



; SUPV=0

NOTES

Software system call exception

CLASS 1
Architecture Level
Execution Mode
Implementation


Core CPU
Supervisor
Mandatory

h.mss

15            12
11              8
7              4
3              0

0xD
0x2
A
B






FORMAT

h.mss rA, rB

DESCRIPTION

Multiplied Signed and Subtract the product signed. The contents of general register rA and rB are multiplied signed. The signed product is subtracted from (MACHI || MACLO) in group 5 registers. Both operands are treated as signed.

The width of MACLO must be 32-bit wide. However, MACHI could be 8, 16, 24, or 32-bit wide. It is up to the designer.
OPERATION

tmp[63:0] ( rA * rB

(MACHI || MACLO) ( (MACHI || MACLO) ( tmp[63:0]

EXAMPLES

h.mss r1,r2


; if r1=1, r2=2, MACHI=0x0, MACLO=0x3,






;then MACHI=0x0, MACLO=0x1

h.mss r1,r2


;ditto, then MACHI=0xffffffff, MACLO=0xffffffff

NOTES

CLASS 1
Architecture Level
Execution Mode
Implementation


Core CPU
User and Supervisor
Optional

h.mas

15            12
11              8
7              4
3              0

0xD
0x3
A
B






FORMAT

h.mas rA, rB

DESCRIPTION

Multiplied Signed and Accumulate the product signed. The contents of general register rA and rB are multiplied signed. The signed product is added to (MACHI || MACLO) in group 5 registers. Both operands are treated as signed.

The width of MACLO must be 32-bit wide. However, MACHI could be 8, 16, 24, or 32-bit wide. It is up to the designer.
OPERATION

tmp[63:0] ( rA * rB

(MACHI || MACLO) ( (MACHI || MACLO) + tmp[63:0]

EXAMPLES

h.mas r1,r2


; if r1=0xffffffff, r2=2, MACHI=0x0, MACLO=0x3,






;then MACHI=0x0, MACLO=0x1

h.mas r1,r2


;ditto, then MACHI=0xffffffff, MACLO=0xffffffff

NOTES
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FORMAT

h.mods rA, rB

DESCRIPTION

Modulus Signed. The content of general register rA is divided by that of rB. The remainder is placed in rA. Both operands are treated as signed integers. A divisor ZERO flag is set to 1 if the content of rB is equal to ZERO. The MACHI and MACLO are unaffected by this instruction.

OPERATION

rA ( rA % rB

if (rB == 0), then PCSR = PC and next PC = 0x0F00 and rA is unaffected and

DIVZERO=1 and SUPV ( 1.

EXAMPLES

h.mods r1,r2


; if r1=0x11, r2=0x2, then r1=0x1 

h.mods r3,r2


; if r3=0xffffffff, r2=0x2, then r3=0xffffffff

h.mods r3,r2


; if r3=0x11, r2=0xfffffffe, then r3=0x1

h.mods r3,r2


; if r3=0xfffffffd, r2=0xfffffffe, then r3=0xffffffff

h.mods r3,r0


; if r3=0x11, then r3=0x11 (unaffected), DIVZERO=1,






; and PC = 0x0F00 

NOTES

DIVided by ZERO exception
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h.modu
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FORMAT

h.modu rA, rB

DESCRIPTION

Modulus Signed. The content of general register rA is divided by that of rB. The remainder is placed in rA. Both operands are treated as unsigned integers. A divisor ZERO flag is set to 1 if the content of rB is equal to ZERO. The MACHI and MACLO are unaffected by this instruction.

OPERATION

rA ( rA % rB

if (rB == 0), then PCSR = PC and next PC = 0x0F00 and rA is unaffected and

DIVZERO=1 and SUPV ( 1.

EXAMPLES

h.modu r1,r2


; if r1=0x11, r2=0x2, then r1=0x1 

h.modu r3,r2


; if r3=0xffffffff, r2=0x2, then r3=0x1

h.modu r3,r2


; if r3=0x11, r2=0xfffffffe, then r3=0x11

h.modu r3,r2


; if r3=0xfffffffd, r2=0xfffffffe, then r3=0xfffffffd

h.modu r3,r0


; if r3=0x11, then r3=0x11 (unaffected), DIVZERO=1,






; and PC = 0x0F00 

NOTES

DIVided by ZERO exception
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FORMAT

h.swapb rA, rB

DESCRIPTION

Swap byte to exchange the endianness. The content of general register rB is swapped mirrorly to exchange endianness and the result is put in rA.

OPERATION

rA ( (rB[7:0] || rB[15:8] || rB[23:16] || rB[31:24])

EXAMPLES

h.swapb r1,r2



; if r2 = 0x11223344, then r1 = 0x44332211 

NOTES
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FORMAT

h.swaph rA, rB

DESCRIPTION

Swap halfword to exchange the endianness. The content of general register rB is swapped mirrorly to exchange endianness and the result is put in rA.

OPERATION

rA ( (rB[15:0] || rB[31:16])

EXAMPLES

h.swaph r1,r2



; if r2 = 0x11223344, then r1 = 0x33441122 

NOTES

CLASS 1
Architecture Level
Execution Mode
Implementation


Core CPU
User and Supervisor
Mandatory
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FORMAT

h.shla rA, rB

DESCRIPTION

Shift Left Arithmetically. The content of general register rA is shifted left arithmetically by the amount of rB[4:0] and the result is put in rA. Here, it is the same as shift left logically.

OPERATION

rA ( rA[31:0] << rB[4:0]

EXAMPLES

h.shla r1,r2



; if r1 = 0xAA112233, r2=0x8

; then r1 = 0x11223300 

NOTES
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Implementation
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Mandatory
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FORMAT

h.shra rA, rB

DESCRIPTION

Shift Right Arithmetically. The content of general register rA is shifted right arithmetically by the amount of rB[4:0] and the result is put in rA. 

OPERATION

rA ( (rA[31] || (rA[31:0] >> rB[4:0]))

EXAMPLES

h.shra r1,r2



; if r1 = 0xAA112233, r2=0x8

; then r1 = 0xFFAA1122

h.shra r1,r2



; if r1 = 0x11223344, r2=0x8

; then r1 = 0x00112233

NOTES

CLASS 1
Architecture Level
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Implementation
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FORMAT

h.shrl rA, rB

DESCRIPTION

Shift Right Logically. The content of general register rA is shifted right logically by the amount of rB[4:0] and the result is put in rA. 

OPERATION

rA ( (0 || (rA[31:0] >> rB[4:0]))

EXAMPLES

h.shrl r1,r2



; if r1 = 0xAA112233, r2=0x8

; then r1 = 0x00AA1122

h.shrl r1,r2



; if r1 = 0x11223344, r2=0x8

; then r1 = 0x00112233

NOTES

CLASS 1
Architecture Level
Execution Mode
Implementation
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User and Supervisor
Mandatory
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FORMAT

h.ror rA, rB

DESCRIPTION

Rotate Right. The content of general register rA is rotated right by the amount of rB[4:0] and the result is put in rA. 

OPERATION

tmp[63:0] ( (rA || rA) >> rB[4:0]

rA ( tmp[31:0]

EXAMPLES

h.ror r1,r2



; if r1 = 0xAA112233, r2=0x8

; then r1 = 0x33AA1122

h.ror r1,r2



; if r1 = 0x11223344, r2=0x8

; then r1 = 0x44112233

NOTES

CLASS 1
Architecture Level
Execution Mode
Implementation
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User and Supervisor
Mandatory
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FORMAT

h.rol rA, rB

DESCRIPTION

Rotate Left. The content of general register rA is rotated lefy by the amount of rB[4:0] and the result is put in rA. 

OPERATION

tmp[63:0] ( (rA || rA) << rB[4:0]

rA ( tmp[63:32]

EXAMPLES

h.rol r1,r2



; if r1 = 0xAA112233, r2=0x8

; then r1 = 0x112233AA

h.rol r1,r2



; if r1 = 0x11223344, r2=0x8

; then r1 = 0x22334411

NOTES

CLASS 1
Architecture Level
Execution Mode
Implementation


Core CPU
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Mandatory
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FORMAT

h.notu rA, rB

DESCRIPTION

Not (1’s complement). The content of general register rB is bit-wise inverted and put in rA.

OPERATION

rA ( ~rB

EXAMPLES

h.notu r1,r0



; r1=0xffffffff

h.notu r1,r2



; if r2=0xaa55aa55, then r1=0x55aa55aa

h.notu r1,r2



; if r2=0x55aa55aa, then r1=0xaa55aa55

NOTES

CLASS 1
Architecture Level
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Implementation


Core CPU
User and Supervisor
Mandatory
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FORMAT

h.negs rA, rB

DESCRIPTION

Negative (2’s complement). The content of general register rB is bit-wise inverted and added by 1. The sum is put in rA.

OPERATION

rA ( ~rB + 1

EXAMPLES

h.negs r1,r0



; r1=0

h.negs r1,r2



; if r2=0xaa55aa55, then r1=0x55aa55ab

h.negs r1,r2



; if r2=0x55aa55aa, then r1=0xaa55aa56

h.negs r1,r2



; if r2=0x80000000, then OVERFL is set to 1







; PCSR=PC(h.negs), SUPV(1, r1 is unaffected







; PC = 0x0E00

NOTES

ALU Overflow Exception
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FORMAT

h.xor rA, rB

DESCRIPTION

Logical Exclusive OR. The content of general register rA is bit-wise logically XOR with that of rB. The result is put in rA.

OPERATION

rA ( rA ^ rB

EXAMPLES

h.xor r1, r0


; if r1=0xa5a5ffff, then r1=0xa5a5ffff

h.xor r1, r1


; if r1=0xa5a5ffff, then r1=0x00000000

h.xor r1,r2


; if r1=0x5a5a5a5a, r2=0xffffffff, then r1=0xa5a5a5a5

NOTES

CLASS 1
Architecture Level
Execution Mode
Implementation


Core CPU
User and Supervisor
Mandatory
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FORMAT

h.or rA, rB

DESCRIPTION

Logical OR. The content of general register rA is bit-wise logically OR with that of rB. The result is put in rA.

OPERATION

rA ( rA | rB

EXAMPLES

h.or r1, r0


; if r1=0xa5a5ffff, then r1=0xa5a5ffff

h.or r1, r1


; if r1=0xa5a5ffff, then r1=0xa5a5fffff

h.or r1,r2


; if r1=0x5a5a5a5a, r2=0xffffffff, then r1=0xffffffff

NOTES

CLASS 1
Architecture Level
Execution Mode
Implementation


Core CPU
User and Supervisor
Mandatory
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User and Supervisor
Mandatory
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FORMAT

h.and rA, rB

DESCRIPTION

Logical AND. The content of general register rA is bit-wise logically AND with that of rB. The result is put in rA.

OPERATION

rA ( rA & rB

EXAMPLES

h.and r1, r0


; if r1=0xa5a5ffff, then r1=0x00000000

h.and r1, r1


; if r1=0xa5a5ffff, then r1=0xa5a5fffff

h.and r1,r2


; if r1=0x5a5a5a5a, r2=0xffffffff, then r1=0x5a5a5a5a

NOTES

CLASS 1
Architecture Level
Execution Mode
Implementation


Core CPU
User and Supervisor
Mandatory
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FORMAT

h.xori r15, M

DESCRIPTION

Logical Exclusive OR Immediate. The content of general register r15 is bit-wise logically XOR with 8-bit immediate constant. The result is put in r15.

OPERATION

r15 ( r15 ^ (0x000000 || M)

EXAMPLES

h.xori r15, 0x00


; if r15=0xa5a5ffff, then r15=0xa5a5ffff

h.xori r15, 0xff


; if r15=0xa5a5ffff, then r15=0xa5a5ff00

h.xori r15,0xa5


; if r15=0x5a5a5a5a, then r15=0xa5a5a5ff

NOTES

CLASS 1
Architecture Level
Execution Mode
Implementation


Core CPU
User and Supervisor
Mandatory


Core CPU
User and Supervisor
Mandatory

h.ori
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FORMAT

h.ori r15, M

DESCRIPTION

Logical OR Immediate. The content of general register r15 is bit-wise logically OR with 8-bit immediate constant. The result is put in r15.

OPERATION

r15 ( r15 | (0x000000 || M)

EXAMPLES

h.ori r15, 0x00


; if r15=0xa5a5ffff, then r15=0xa5a5ffff

h.ori r15, 0xff


; if r15=0xa5a5ffaa, then r15=0xa5a5ffff

h.ori r15,0xa5


; if r15=0x5a5a5a5a, then r15=0xa5a5a5ff

NOTES

CLASS 1
Architecture Level
Execution Mode
Implementation


Core CPU
User and Supervisor
Mandatory


Core CPU
User and Supervisor
Mandatory
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FORMAT

h.andi r15, M

DESCRIPTION

Logical AND Immediate. The content of general register r15 is bit-wise logically AND with 8-bit immediate constant. The result is put in r15.

OPERATION

r15 ( r15 & (0x000000 || M)

EXAMPLES

h.andi r15, 0x00


; if r15=0xa5a5ffff, then r15=0x00000000

h.andi r15, 0xff


; if r15=0xa5a5ff55, then r15=0x00000055

h.andi r15,0xa5


; if r15=0x5a5a5a5a, then r15=0x00000000

NOTES

CLASS 1
Architecture Level
Execution Mode
Implementation


Core CPU
User and Supervisor
Mandatory
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Mandatory
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FORMAT

h.mtsr rA, rB

DESCRIPTION

Move To Special Register. The content of rB is moved to the special register addressed by the content of rA.

OPERATION

SPR[rA[31:0]] ( rB

EXAMPLES

h.mtsr r2, r1


; if r1=0xaabbccdd, and r2=0x03, and PCSR=0x4000

; then PCSR = 0xaabbccdd

NOTES

CLASS 1
Architecture Level
Execution Mode
Implementation


Core CPU
Supervisor
Mandatory
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FORMAT

h.mfsr rA, rB

DESCRIPTION

Move From Special Register. The special register addressed by the content of register rB is moved to the general register rA.

OPERATION

rA ( SPR[rB[31:0]]

EXAMPLES

h.mfsr r2, r1


; if r2=0xaabbccdd, and r2=0x03, and PCSR=0x4000

; then r2=0x4000

NOTES

CLASS 1
Architecture Level
Execution Mode
Implementation
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Mandatory
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FORMAT

h.shlai rA, L

DESCRIPTION

Shift Left Arithmetically Immediate. The content of general register rA is shifted left arithmetically by the constant L and the result is put in rA. Here, it is the same as shift left logically.

OPERATION

rA ( rA[31:0] << L[4:0]

EXAMPLES

h.shlai r1,0x8



; if r1 = 0xAA112233,

; then r1 = 0x11223300 

NOTES

CLASS 1
Architecture Level
Execution Mode
Implementation


Core CPU
User and Supervisor
Mandatory

h.shrai
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FORMAT

h.shrai rA, L

DESCRIPTION

Shift Right Arithmetically Immediate. The content of general register rA is shifted right arithmetically by the constant L and the result is put in rA. 

OPERATION

rA ( (rA[31] || rA[31:0] >> L[4:0])

EXAMPLES

h.shrai r1,0x8



; if r1 = 0xAA112233,

; then r1 = 0xFFAA1122

NOTES

CLASS 1
Architecture Level
Execution Mode
Implementation


Core CPU
User and Supervisor
Mandatory

h.shrli

15      12
11           9
     8
7            4
3          0

0xE
0x7
L
A
L







FORMAT

h.shrli rA, L

DESCRIPTION

Shift Right Logically Immediate. The content of general register rA is shifted right logically by the constant L and the result is put in rA. 

OPERATION

rA ( (rA[31] || rA[31:0] >> L[4:0])

EXAMPLES

h.shrli r1,0x8



; if r1 = 0xAA112233,

; then r1 = 0x00AA1122

NOTES

CLASS 1
Architecture Level
Execution Mode
Implementation


Core CPU
User and Supervisor
Mandatory
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FORMAT

h.adds rA, rB

DESCRIPTION

Add Signed. The content of general register rA is added with that of rB. The result is put in rA. If overflow happens, then PC will be updated with 0x0E00 and the original content of rA will not be touched.

OPERATION

rA ( rA + rB

if Overflow happens, then PCSR ( PC and nextPC ( 0x0E00 and rA is unaffected and OVERFL(overflow flag) and SUPV(Supervisor Mode) is set to 1.

EXAMPLES

h.adds r4,r0


; if r4 = 0x11223344, then r4 = 0x11223344,

h.adds r1,r1


; if r1 = 0x7fffffff, then r1=0x7fffffff and PCSR=PC,






; and PC = 0x0E00 and OVERFL=1

NOTES

ALU overflow exception
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FORMAT

h.subs rA, rB

DESCRIPTION

Subtract Signed. The content of general register rA is subtracted by that of rB. The result is put in rA. If overflow happens, then PC will be updated with 0x0E00 and the original content of rA will not be touched.

OPERATION

rA ( rA ( rB

if Overflow happens, then PCSR ( PC and nextPC ( 0x0E00 and rA is unaffected and OVERFL(overflow flag) and SUPV(Supervisor Mode) is set to 1.

EXAMPLES

h.subs r4,r0


; if r4 = 0x11223344, then r4 = 0x11223344

h.subs r1,r2


; if r1 = 0x80000000, and r2=0x1, PCSR=PC,






; and PC = 0x0E00 and OVERFL=1

NOTES

ALU overflow exception
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Mandatory

h.addu
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FORMAT

h.addu rA, rB

DESCRIPTION

Add Unsigned. The content of general register rA is added with that of rB. The result is put in rA.

OPERATION

rA ( rA + rB

EXAMPLES

h.addu r4,r0


; if r4 = 0x11223344, then r4 = 0x11223344

h.addu r1,r1


; if r1 = 0x7fffffff, then r1=0xfffffffe

NOTES

CLASS 1
Architecture Level
Execution Mode
Implementation


Core CPU
User and Supervisor
Mandatory

h.subu
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FORMAT

h.subu rA, rB

DESCRIPTION

Subtract Unsigned. The content of general register rA is subtracted by that of rB. The result is put in rA.

OPERATION

rA ( rA ( rB

EXAMPLES

h.subu r4,r0


; if r4 = 0x11223344, then r4 = 0x11223344

h.subu r1,r2


; if r1 = 0x80000000, and r2=0x01, then r1=0x7ffffffff

NOTES

CLASS 1
Architecture Level
Execution Mode
Implementation


Core CPU
User and Supervisor
Mandatory
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FORMAT

h.addwcs rA, rB

DESCRIPTION

Add With Carry Signed. The content of general register rA is added with that of rB and CARRY flag in CCR. The result is put in rA. If overflow happens, then PC will be updated with 0x0E00 and the original content of rA will not be touched.

OPERATION

rA ( rA + rB + CARRY

if Overflow happens, then PCSR ( PC and nextPC ( 0x0E00 and rA is unaffected and OVERFL(overflow flag) and SUPV(Supervisor Mode) is set to 1.

EXAMPLES

h.addwcs r4,r0
; if r4 = 0x11223344 and CARRY=1, then 

; r4 = 0xx11223345

h.addwcs r1,r0


; if r1 = 0x7fffffff, and CARRY=1, then PCSR=PC,






; and PC = 0x0E00 and OVERFL=1

NOTES

ALU overflow exception
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h.subwcs
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FORMAT

h.subwcs rA, rB

DESCRIPTION

Subtract With Carry Signed. The content of general register rA is subtracted by that of rB and CARRY flag in CCR. The result is put in rA. If overflow happens, then PC will be updated with 0x0E00 and the original content of rA will not be touched.

OPERATION

rA ( rA ( rB ( CARRY

if Overflow happens, then PCSR ( PC and nextPC ( 0x0E00 and rA is unaffected and OVERFL(overflow flag) and SUPV(Supervisor Mode) is set to 1.

EXAMPLES

h.subwcs r4,r0
; if r4 = 0x11223344 and CARRY=1, then 

; r4 = 0xx11223343

h.subwcs r1,r0


; if r1 = 0x80000000, and CARRY=1, then PCSR=PC,






; and PC = 0x0E00 and OVERFL=1

NOTES

ALU overflow exception
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FORMAT

h.test rA, rB

DESCRIPTION

Test Bit and Set Flag. The content of general register rA is tested. If the value of the bit in rA pointed by the content of rB[4:0] is compared with 1. If equal, then Flag is set to 1, else Flag is set to 0.

OPERATION

Flag ( rA[rB[4:0]].

EXAMPLES

h.test r1, r2


; if r1=0xa5a5a5a5 and r2=0x5504, then Flag = 0

h.test r1, r2


; if r1=0xa5a5a5a5 and r2=0x5503, then Flag = 1

NOTES

CLASS 1
Architecture Level
Execution Mode
Implementation


Core CPU
User and Supervisor
Mandatory

h.testi
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FORMAT

h.testi rA, L

DESCRIPTION

Test Bit Pointed by Immediate Constant and Set Flag. The content of general register rA is tested. If the value of the bit in rA pointed by the immediate constant L is compared with 1. If equal, then Flag is set to 1, else Flag is set to 0.

OPERATION

Flag ( rA[L]

EXAMPLES

h.testi r1, 0x5



; if r1=0x5a5a5a5a, then Flag=0

h.testi r1, 31



; if r1=0xaa5a5a5a, then Flag=1

NOTES

CLASS 1
Architecture Level
Execution Mode
Implementation


Core CPU
User and Supervisor
Mandatory
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FORMAT

h.clr rA, rB

DESCRIPTION

Clear Bit. The value of the bit in rA pointed by the content of rB[4:0] is cleared to 0.

OPERATION

rA[rB[4:0]].( 0

EXAMPLES

h.clr r1, r2


; if r1=0xa5a5a5ff and r2=0x5504, then r1=0xa5a5a5ef

h.clr r1, r2


; if r1=0xa5a5a5a5 and r2=0x551f, 

; then Flag = 0x25a5a5a5

NOTES
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FORMAT

h.clri rA, L

DESCRIPTION

Clear Bit Immediate. The value of the bit in rA pointed by the constant L is cleared to 0.

OPERATION

rA[L] ( 0

EXAMPLES

h.clri r1, 0x5



; if r1=0x5a5a5aff, then r1=0x5a5a5adf

h.clri r1, 31



; if r1=0xaa5a5a5a, then r1=0x2a5a5a5a
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FORMAT

h.set rA, rB

DESCRIPTION

Set Bit. The value of the bit in rA pointed by the content of rB[4:0] is set to 1.

OPERATION

rA[rB[4:0]].( 1

EXAMPLES

h.set r1, r2
; if r1=0xa5a5a500 and r2=0x5504, 

; then r1=0xa5a5a510

h.set r1, r2


; if r1=0x05a5a5a5 and r2=0x551f, 

; then Flag = 0x85a5a5a5
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FORMAT

h.seti rA, L

DESCRIPTION

Set Bit Immediate. The value of the bit in rA pointed by the constant L is set to 1.

OPERATION

rA[L] ( 1

EXAMPLES

h.seti r1, 0x5



; if r1=0x5a5a5a00, then r1=0x5a5a5a20

h.seti r1, 31



; if r1=0x0a5a5a5a, then r1=0x8a5a5a5a
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