










































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































5 SPARe Instruction Set 
TECHNOLOGY, ====================== 
JMPL Jump and Link JMPL 

Operation: r[rd] - PC 

PC-nPC 

nPC- r[rsl] + (r[rs2] or sign extnd(simm13» 

Assembler 
Syntax: jmpl address, regrd 

Description: JMPL first provides linkage by saving its return address into the register specified in the rd 

field. It then causes a register-indirect, delayed control transfer to an address specified by the 
sum ofthe contents of r[rsl] and either the contents of r[rs2] ifthe instruction's i bit equals 
zero, or the 13-bit, sign-extended immediate operand contained in the instruction if i equals 
one. 

Traps: 

Format: 

If either of the low-order two bits of the jump address is nonzero, a memory _ad­
dress_nocaligned trap is generated. 

Programming note: A register-indirect CALL can be constructed using a JMPL instruction 
with rd set to 15. JMPL can also be used to return from a CALL. In this case, rd is set to 0 and 
the return (jump) address would be equal to r[31] + 8. 

memory _address_noCaligned 

31 30 29 25 24 19 18 14 13 12 5 4 0 

11 01 rd I 111000 I rsl I i=O I ignored I rs2 I 
31 30 29 25 24 19 18 14 13 12 0 

11 01 rd 1 111000 
! rsl 1 i=l! simml3 

! 
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S SPARe Instruction Set 
TECHNOLOGY, ====================== 
LD Load Word LD 

Operation: r[rd] - [r[rsl] + (r[rs2] or sign extnd(simmI3))] 

Assembler 
Syntax: ld [address], regrd 

Description: The LD instruction moves a word from memory into the destination register, r[rd]. The ef­
fective memory address is derived by summing the contents of r[ rs 1] and either the contents 
of r[rs2] if the instruction's i bit equals zero, or the 13-bit, sign-extended immediate operand 
contained in the instruction if i equals one. 

Traps: 

Format: 

If LD takes a trap, the contents of the destination register remain unchanged. 

If the instruction following an integer load uses the load's r[rd] register as a source operand, 
hardware interlocks add one or more delay cycles to the following instruction depending 
upon the memory subsystem. 

Programming note: If rsl is set to 0 and i is set to 1, any location in the lowest or highest 4 
Kbytes of an address space can be accessed without setting up a register. 

memory _address_noCaligned 
data_access_exception 

31 30 29 25 24 19 18 

11 t/ rd I 000000 I 
31 30 29 25 24 19 18 

11 1 I rd I 000000 I 

14 13 12 5 4 0 

rsl I i=ol ignored I rs2 I 
14 13 12 o 

rsl li=d simm13 

12-64 



S SPARe Instruction Set 
TECHNOLOGY, ====================== 
LDA Load Word from Alternate space 

(Privileged Instruction) 

LDA 

Operation: address space - asi 

r[rd] - [r[rs1] + r[rs2]] 

Assembler 
Syntax: Ida [regaddr] asi, regrd 

Description: The LDA instruction moves a word from memory into the destination register, r[rd]. The 
effective memory address is a combination of the address space value given in the asi field 
and the address derived by summing the contents ofr[rs1] and r[rs2]. 

Traps: 

Format: 

If LDA takes a trap, the contents of the destination register remain unchanged. 

If the instruction following an integer load uses the load's r[rd] register as a source operand, 
hardware interlocks add one or more delay cycles to the following instruction depending 
upon the memory subsystem. 

illegal_instruction (if i= 1) 
privileged_instruction (if S=O) 
memory _address_noCaligned 
data_access_exception 

rs1 
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asi 

5 4 o 

rs2 



S SPARe Instruction Set 
TECHNOLOGY, ======================= 
LDC Load Coprocessor register LDC 

Operation: c[rd] - [r[rsl] + (r[rs2] or sign extnd(simm13))] 

Assembler 
Syntax: ld [address], cregrd 

Description: The LDC instruction moves a word from memory into a coprocessor register, c[rd]. The ef­
fective memory address is derived by summing the contents of r[rs 1] and either the contents 
of r[rs2] if the instruction's i bit equals zero, or the 13-bit, sign-extended immediate operand 
contained in the instruction if i equals one. 

Traps: 

Format: 

If the PSR's EC bit is set to zero or if no coprocessor is present, a cp_disabled trap will be 
generated. If LDC takes a trap, the state of the coprocessor depends on the particular imple­
mentation. 

If the instruction following a coprocessorload uses the load's c[rd] register as a source oper­
and, hardware interlocks add one or more delay cycles to the following instruction depend­
ing upon the memory subsystem. 

Note that hyperSPARC processors do not support the coprocessor interface. The execution 
of a coprocessor instruction by a hyperSPARC instruction results in an cp_disabled trap. 

Programming note: If rsl is set to 0 and i is set to 1, any location in the lowest or highest 4 
Kbytes of an address space can be accessed without setting up a register. 

cp_disabled 
cp_exception 
memory _address_nocaligned 
data_access_exception 

31 30 29 25 24 19 18 

11 1 I rd I 110000 I 
31 30 29 25 24 19 18 

11 1 I rd I 110000 I 

14 13 12 5 4 0 

rsl I i=O I ignored I rs2 I 
14 13 12 0 

rs1 li=tj simm13 I 
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5 SPARe Instruction Set 
TECHNOLOGY, ====================== 
LDCSR Load Coprocessor State Register LDCSR 

Operation: CSR- [r[rs1] + (r[rs2] or sign extnd(simm13))] 

Assembler 
Syntax: ld [address], %csr 

Description: The LDCSR instruction moves a word from memory into the coprocessor state register. The 
effective memory address is derived by summing the contents ofr[rs1] and either the con­
tents of r[rs2] if the instruction's i bit equals zero, or the 13-bit, sign-extended immediate 
operand contained in the instruction if i equals one. 

Traps: 

Format: 

If the PSR's EC bit is set to zero or if no coprocessor is present, a cp_disabled trap will be 
generated. IfLDCSR takes a trap, the state of the coprocessor depends on the particular im­
plementation. 

If the instruction following a LDCSR uses the CSR as a source operand, hardware interlocks 
add one or more delay cycles to the following instruction depending upon implementation of 
the coprocessor. 

Note that hyperSPARC processors do not support the coprocessor interface. The execution 
of a coprocessor instruction by a hyperSPARC instruction results in an cp_disabled trap. 

Programming note: If rsl is set to 0 and i is set to 1, any location in the lowest or highest 4 
Kbytes of an address space can be accessed without setting up a register. 

cp_disabled 
cp _exception 
memory 3ddress_nocaligned 
data_access_exception 

31 30 29 25 24 19 18 

II I I rd I 110001 I 
31 30 29 25 24 19 18 

11 1 I rd I 110001 I 

14 13 12 5 4 0 

rsl I i=O I ignored I rs2 I 
14 13 12 0 

rsl I i=d simml3 I 
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5 SPARe Instruction Set 
TECHNOLOGY, ====================== 
LDD Load Double-word LDD 

Operation: r[rd] - [r[rsl] + (r[rs2] or sign extnd(simm13»] 

r[rd + 1] - [(r[rsl] + (r[rs2] or sign extnd(simm13») + 4] 

Assembler 
Syntax: ldd [address], regrd 

Description: The LDD instruction moves a double-word from memory into a destination register pair, 
r[ rd] and r[ rd+ 1]. The effective memory address is derived by summing the contents of r[rs 1] 
and either the contents of r[rs2] if the instruction's i bit equals zero, or the 13-bit, sign-ex­
tended immediate operand contained in the instruction if i equals one. The most significant 
memory word is always moved into the even-numbered destination register and the least sig­
nificant memory word is always moved into the next odd-numbered register (see discussion 
in Section 2.3.1). 

Traps: 

Format: 

If a data_access_exception trap takes place during the effective address memory access, the 
destination registers remain unchanged. 

If the instruction following an integer load uses the load's r[rd] register as a source operand, 
hardware interlocks add one or more delay cycles to the following instruction depending 
upon the memory subsystem. For an LDD, this applies to both destination registers. 

Programming note: If rs1 is set to 0 and i is set to 1, any location in the lowest or highest 4 
Kbytes of an address space can be accessed without setting up a register. 

memory _address_nocaligned 
data_access_exception 

31 30 29 25 24 19 18 

11 1 I rd 1000011 I 
31 30 29 25 24 19 18 

11 d rd I 000011 I 

rs1 

rs1 
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14 13 12 5 4 0 

I i=O I ignored I rs2 I 
14 13 12 0 

li=d simm13 I 



5 SPARe Instruction Set 
TECHNOLOGY, ====================== 
LDDA Load Double-word from Alternate space 

(Privileged Instruction) 

LDDA 

Operation: address space- asi 

r[rd] - [r[rsl] + r[rs2]] 

r[rd + 1] - [r[rsl] + r[rs2] + 4] 

Assembler 
Syntax: ldda [regaddr] asi, regrd 

Description: The LDDA instruction moves a double-word from memory into the destination registers, 
r[rd] and r[rd+ 1]. The effective memory address is a combination ofthe address space value 
given in the asi field and the address derived by summing the contents of r[rsl] and r[rs2]. 
The most significant memory word is always moved into the even-numbered destination 
register and the least significant memory word is always moved into the next odd-numbered 
register (see discussion in Section 2.3.1). 

Traps: 

Format: 

If a trap takes place during the effective address memory access, the destination registers re­
main unchanged. 

If the instruction following an integer load uses the load's r[ rd] register as a source operand, 
hardware interlocks add one or more delay cycles to the following instruction depending 
upon the memory subsystem. For an LDDA, this applies to both destination registers. 

illegal_instruction (if i=l) 
privileged_instruction (if S=O) 
memory _address_nocaligned 
data_access_ exception 

31 30 29 25 24 19 18 

rd 1010011 I rs1 
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14 13 12 5 4 o 

asi rs2 



TEe H NO' 0 G " I~ ===============;;;;;S;;;;;P;;;;;j\;;;;;R;;;;;C;;;;;I;;;;D;;;;s;;;;tr;;;;u;;;;c;;;;ti;;;;o;;;;D;;;;S;;;;et;;;; 

LDDC Load Double-word Coprocessor LDDC 

Operation: c[rd ] - [r[rsl] + (r[rs2] or sign extnd(simm13»] 

Assembler 
Syntax: 

c[rd + I] - [(r[rsl] + (r[rs2] or sign extnd(simm13))) + 4] 

ldd [address], cregrd 

Description: The LDDC instruction moves a double-word from memory into the coprocessor registers, 
c[rd] and c[rd+I]. The effective memory address is derived by summing the contents of 
r[rsl] and either the contents of r[rs2] if the instruction's i bit equals zero, or the 13-bit, 
sign-extended immediate operand contained in the instruction if i equals one. The most sig­
nificant memory word is always moved into the even-numbered destination register and the 
least significant memory word is always moved into the next odd-numbered register (see dis­
cussion in Section 2.3.1). 

Traps: 

Format: 

If the PSR's EC bit is set to zero or if no coprocessor is present, a cp_disabled trap will be 
generated. IfLDDC takes a trap, the state of the coprocessor depends on the particular imple­
mentation. 

If the instruction following a coprocessor load uses the load's c[rd] register as a source oper­
and, hardware interlocks add one or more delay cycles to the following instruction depend­
ing upon the memory subsystem and coprocessor implementation. For an LDDC, this ap­
plies to both destination registers. 

Note that hyperSPARC processors do not support the coprocessor interface. The execution 
of a coprocessor instruction by a hyperSPARC instruction results in an cp_disabled trap. 

Programming note: If rsl is set to 0 and i is set to I, any location in the lowest or highest 4 
Kbytes of an address space can be accessed without setting up a register. 

cp_disabled 
cp_exception 
memory _address_noCaligned 
data_access_exception 

31 30 29 25 24 19 18 

11 1 I rd I 110011 I 
31 30 29 25 24 19 18 

11 1 I rd I 110011 I 

14 13 12 5 4 0 

rs1 I i=O I ignored I rs2 I 
14 13 12 0 

rsl I i=ll simm13 I 
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, , C H N 0 LOG', ,$ ================S=P=~=R=C=I=n=s=tr=u=c=ti=o=n=S=e=t 
LDDF Load Double-word Floating-Point LDDF 

Operation: f[rd] - [r[rs1] + (r[rs2] or sign extnd(simm13))] 

f[rd + 1] - [(r[rs1] + (r[rs2] or sign extnd(simm13))) + 4] 

Assembler 
Syntax: ldd [address],fregrd 

Description: The LDDF instruction moves a double-word from memory into the floating-point registers, 
f[rd] and f[rd+ 1]. The effective memory address is derived by summing the contents of r[rs 1] 
and either the contents of r[rs2] if the instruction's i bit equals zero, or the 13-bit, sign-ex­
tended immediate operand contained in the instruction if i equals one. The most significant 
memory word is always moved into the even-numbered destination register and the least sig­
nificant memory word is always moved into the next odd-numbered register (see discussion 
in Section 2.3.1). 

Traps: 

Format: 

If the PSR's EF bit is set to zero or if no floating-point unit is present, an fp_disabled trap will 
be generated. If a trap takes place during the effective address memory access, the destina­
tion registers remain unchanged. 

If the instruction following a floating-point load uses the load's f[rd] register as a source op­
erand, hardware interlocks add one or more delay cycles to the following instruction depend­
ing upon the memory subsystem. For an LDDF, this applies to both destination registers. 

Programming note: If rsl is set to 0 and i is set to 1, any location in the lowest or highest 4 
Kbytes of an address space can be accessed without setting up a register. 

fp_disabled 
fp_exception* 
memory _address_not_aligned 
data_access_exception 

31 30 29 25 24 19 18 

11 1 I rd I 100011 I 
31 30 29 25 24 19 18 

11 1 I rd I 100011 I 

14 13 12 5 4 o 

rsl I i=O I ignored rs2 

14 13 12 o 

rsl I i=11 simm13 

* NOTE: An attempt to execute any FP instruction will cause a pending FP exception to be recognized by the integer unit. 
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LDF Load Floating-Point register LDF 

Operation: f[rd] - [r[rsl] + (r[rs2] or sign extnd(simm13»] 

Assembler 
Syntax: ld [address],fregrd 

Description: The LDF instruction moves a word from memory into a floating-point register, f[rd]. The 
effective memory address is derived by summing the contents of r[rsl] and either the con­
tents of r[rs2] if the instruction's i bit equals zero, or the 13-bit, sign-extended immediate 
operand contained in the instruction if i equals one. 

Traps: 

Format: 

If the PSR's EFbit is set to zero or ifno floating-point unit is present, an fp_disabled trap will 
be generated. IfLDF takes a trap, the contents of the destination register remain unchanged. 

If the instruction following a floating-point load uses the load's f[ rd] register as a source op­
erand, hardware interlocks add one or more delay cycles to the following instruction depend­
ing upon the memory subsystem. 

Programming note.' If rsl is set to 0 and i is set to 1, any location in the lowest or highest 4 
Kbytes of an address space can be accessed without setting up a register. 

fp_disabled 
fp_exception* 
memory _address_not_aligned 
data_access_exception 

31 30 29 2S 24 19 18 

11 d rd I 100000 I 
31 30 29 2S 24 19 18 

11 1 I rd I 100000 I 

rsl 

rsl 

14 13 12 S 4 0 

I i=ol ignored I rs2 I 
14 13 12 0 

I i=11 simm13 I 

* NOTE: An attempt to execute any FP instruction will cause a pending FP exception to be recognized by the integer unit. 
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5 SPARe Instruction Set 
TECHNOLOGY, ======================= 
LDFSR Load Floating-Point State Register LDFSR 

Operation: FSR- [r[rsl] + (r[rs2] or sign extnd(simm13))] 

Assembler 
Syntax: ld [address], %fsr 

Description: The LDFSR instruction moves a word from memory into the floating-point state register. 

Traps: 

Format: 

The effective memory address is derived by summing the contents of r[ rs l] and either the 
contents of r[rs2] if the instruction's i bit equals zero, or the 13-bit, sign-extended immediate 
operand contained in the instruction if i equals one. This instruction will wait for all pending 
FPops to complete execution before it loads the memory word into the FSR. 

Ifthe PSR's EF bit is set to zero or if no floating-point unit is present, an fp_disabled trap will 
be generated. If LDFSR takes a trap, the contents of the FSR remain unchanged. 

If the instruction following a LDFSR uses the FSR as a source operand, hardware interlocks 
add one or more cycle delay to the following instruction depending upon the memory subsys­
tem. 

Programming note: If rsl is set to 0 and i is set to 1, any location in the lowest or highest 4 
Kbytes of an address space can be accessed without setting up a register. 

fp_disabled 
fp _exception * 
memory _address_not_aligned 
data_access_exception 

31 30 29 25 24 19 18 

11 1 I rd I 100001 I 
31 30 29 25 24 19 18 

11 1 I rd I 100001 I 

rsl 

rsl 

14 13 12 5 4 0 

I i=O I ignored I rs2 I 
14 13 12 0 

I i=11 simm13 I 

* NOTE: An attempt to execute any FP instruction will cause a pending FP exception to be recognized by the integer unit. 
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LDSB Load Signed Byte LDSB 

Operation: r[rd] - sign extnd[r[rsl] + (r[rs2] or sign extnd(simm13»] 

Assembler 
Syntax: ldsb [address], regrd 

Description: The LDSB instruction moves a signed byte from memory into the destination register, r[ rd]. 

Traps: 

Format: 

The effective memory address is derived by summing the contents of r[rsI] and either the 
contents of r[rs2] if the instruction's i bit equals zero, or the 13-bit, sign-extended immediate 
operand contained in the instruction if i equals one. The fetched byte is right-justified and 
sign-extended in r[rd]. 

If LDSB takes a trap, the contents of the destination register remain unchanged. 

If the instruction following an integer load uses the load's r[rd] register as a source operand, 
hardware interlocks add one or more delay cycles to the following instruction depending 
upon the memory subsystem. 

Programming note: If rsl is set to 0 and i is set to I, any location in the lowest or highest 4 
Kbytes of an address space can be accessed without setting up a register. 

data_access_exception 

31 30 29 25 24 19 18 14 13 12 5 4 0 

11 1 I rd I 001001 I rsl I i=O I ignored I rs2 I 
31 30 29 25 24 19 18 14 13 12 0 

11 1 I rd I 001001 I rs1 I i=11 simm13 I 
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S SPARe Instruction Set 
TECHNOLOGY, ====================== 

LDSBA Load Signed Byte from Alternate space 

(Privileged Instruction) 

Operation: address space - asi 

r[rd] - sign extnd[r[rsl] + r[rs2]] 

Assembler 
Syntax: ldsba [regaddr] asi, regrd 

LDSBA 

Description: The LDSBA instruction moves a signed byte from memory into the destination register, 
r[ rd]. The effective memory address is a combination of the address space value given in the 
asi field and the address derived by summing the contents of r[rsl] and r[rs2]. The fetched 
byte is right-justified and sign-extended in r[rd]. 

Traps: 

Format: 

If LDSBA takes a trap, the contents of the destination register remain unchanged. 

If the instruction following an integer load uses the load's r[ rd] register as a source operand, 
hardware interlocks add one or more delay cycles depending upon the memory subsystem. 

illegal_instruction (if i=l) 
privileged_instruction (if S=O) 
data_access_exception 

3130 29 25 24 19 18 

11 1 I rd 10110011 

14 13 12 5 4 o 

rs1 asi rs2 
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S SPARe Instruction Set 
TECHNOLOGY, ====================== 
LDSH Load Signed Half-word LDSH 

Operation: r[rd] - sign extnd[r[rsI] + (r[rs2] or sign extnd(simmI3))] 

Assembler 
Syntax: ldsh [address], regrd 

Description: The LDSH instruction moves a signed half-word from memory into the destination register, 
r[ rd]. The effective memory address is derived by summing the contents of r[ rs 1] and either 
the contents of r[rs2] if the instruction's i bit equals zero, or the 13-bit, sign-extended imme­
diate operand contained in the instruction if i equals one. The fetched half-word is right-jus­
tified and sign-extended in r[rd]. 

Traps: 

Format: 

If LDSH takes a trap, the contents of the destination register remain unchanged. 

If the instruction following an integer load uses the load's r[rd] register as a source operand, 
hardware interlocks add one or more delay cycles depending upon the memory subsystem. 

Programming note: If rsl is set to 0 and i is set to 1, any location in the lowest or highest 4 
Kbytes of an address space can be accessed without setting up a register. 

memory _address_nocaligned 
data_access_exception 

31 30 29 25 24 19 18 

11 1 I rd I 001010 I 
31 30 29 25 24 19 18 

11 1 I rd I 001010 I 

14 13 12 5 4 o 

rsl I i=O I ignored rs2 

14 13 12 o 

rsl I i=11 simm13 
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S SPARe Instruction Set 
TECHNOLOGY, ====================== 
LDSHA Load Signed Half-word from Alternate space 

(Privileged Instruction) 

Operation: address space - asi 

r[rd] - sign extnd[r[rsl] + r[rs2]] 

Assembler 
Syntax: ldsha [regaddr] asi, regrd 

LDSHA 

Description: The LDSHA instruction moves a signed half-word from memory into the destination regis­
ter, r[rd]. The effective memory address is a combination of the address space value given in 
the asi field and the address derived by summing the contents of r[rsl] and r[rs2]. The 
fetched half-word is right-justified and sign-extended in r[rd]. 

Traps: 

Format: 

If LDSHA takes a trap, the contents of the destination register remain unchanged. 

If the instruction following an integer load uses the load's r[rd] register as a source operand, 
hardware interlocks add one or more delay cycles depending upon the memory subsystem. 

illegaUnstruction (if i=l) 
privileged_instruction (if S=O) 
memory _address_noCaligned 
data_access_exception 

25 24 19 18 

rd 1011010 I rs1 
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asi rs2 



TEe H N 0 LOG Y, ,$ ================S=P=l\=R=C=In=s=t=ru=c=t=io=n=S=e=t 

LDSTUB Atomic Load-Store Unsigned Byte LDSTUB 

Operation: r[rd] - zero extnd[r[rsl] + (r[rs2] or sign extnd(simm13))] 

[r[rsl] + (r[rs2] or sign extnd(simmI3))] - FFFFFFFF H 

Assembler 
Syntax: ldstub [address], regrd 

Description: The LDSTUB instruction moves an unsigned byte from memory into the destination regis­
ter, r[rd], and rewrites the same byte in memory to all ones, while preventing asynchronous 
trap interruptions. In a multiprocessor system, two or more processors executing atomic 
Load-Store instructions which address the same byte simultaneously are guaranteed to ex­
ecute them serially, in some order. 

Traps: 

Format: 

The effective memory address is derived by summing the contents of r[rsl] and either the 
contents of r[rs2] if the instruction's i bit equals zero, or the 13-bit, sign-extended immediate 
operand contained in the instruction if i equals one. The fetched byte is right-justified and 
zero-extended in r[rd]. 

If the instruction following an integer load uses the load's r[rd] register as a source operand, 
hardware interlocks add one or more delay cycles depending upon the memory subsystem. 

If LDSTUB takes a trap, the contents of the memory address remain unchanged. 

Programming note: If rsl is set to 0 and i is set to 1, any location in the lowest or highest 4 
Kbytes of an address space can be accessed without setting up a register. 

data_access _exception 

31 30 29 25 24 19 18 14 13 12 5 4 0 

11 1 I rd I 001101 I rs1 I i=O I ignored I rs2 I 
31 30 29 25 24 19 18 14 13 12 0 

11 1 I rd I 001101 I rs1 li=d simm13 I 
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5 SPARe Instruction Set 
TECHNOLOGY, ======================= 
LDSTUBA Atomic Load-Store Unsigned Byte LDSTUBA 

in Alternate space 

(Privileged Instruction) 

Operation: address space - asi 

Assembler 

r[rd] - zero extnd[r[rsl] + r[rs2]] 

[r[rsl] + r[rs2]] - FFFFFFFF H 

Syntax: ldstuba [regaddr] asi, regrd 

Description: The LDSTUBA instruction moves an unsigned byte from memory into the destination regis­
ter, r[rd], and rewrites the same byte in memory to all ones, while preventing asynchronous 
trap interruptions. In a mUltiprocessor system, two or more processors executing atomic 
Load-Store instructions which address the same byte simultaneously are guaranteed to ex­
ecute them in some serial order. 

Traps: 

Format: 

The effective memory address is a combination of the address space value given in the asi 
field and the address derived by summing the contents of r[rsl] and r[rs2]. The fetched byte 
is right-justified and zero-extended in r[rd]. 

If the instruction following an integer load uses the load's r[rd] register as a source operand, 
hardware interlocks add one or more delay cycles depending upon the memory subsystem. 

If LDSTUBA takes a trap, the contents of the memory address remain unchanged. 

illegaUnstruction (if i=l) 
privileged_instruction (if S=O) 
data_access _exception 

25 24 19 18 

rd 1011101 I rsl 
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14 13 12 5 4 o 

I i=O I asi rs2 



S SPARe Instruction Set 
TECHNOLOGY, ====================== 
LDUB Load Unsigned Byte LDUB 

Operation: r[rd] - zero extnd[r[rsl] + (r[rs2] or sign extnd(simm13))] 

Assembler 
Syntax: ldub [address], regrd 

Description: The LDUB instruction moves an unsigned byte from memory into the destination register, 
r[rd]. The effective memory address is derived by summing the contents of r[rsl] and either 
the contents of r[ rs2] if the instruction's i bit equals zero, or the 13-bit, sign-extended imme­
diate operand contained in the instruction if i equals one. The fetched byte is right-justified 
and zero-extended in r[rd]. 

Traps: 

Format: 

If LDUB takes a trap, the contents of the destination register remain unchanged. 

If the instruction following an integer load uses the load's r[rd] register as a source operand, 
hardware interlocks add one or more delay cycles depending upon the memory subsystem. 

Programming note: If rsl is set to 0 and i is set to I, any location in the lowest or highest 4 
Kbytes of an address space can be accessed without setting up a register. 

data_access_exception 

31 30 29 25 24 19 18 14 13 12 5 4 0 

11 1 I rd I 000001 I rsl I i=O I ignored I rs2 I 
31 30 29 25 24 19 18 14 13 12 0 

11 d rd I 000001 I rsl li=d simm13 I 
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RIISS SPARe Instruction Set 
TECHNOLOGY,INC. ======== 

LDUBA Load Unsigned Byte from Alternate space 

(Privileged Instruction) 

Operation: address space - asi 

r[rd] - zero extnd[r[rsl] + r[rs2]] 

Assembler 
Syntax: lduba [regaddr] asi, regrd 

LDUBA 

Description: The LDUBA instruction moves an unsigned byte from memory into the destination register, 
r[ rd]. The effective memory address is a combination of the address space value given in the 
asi field and the address derived by summing the contents of r[rsl] and r[rs2]. The fetched 
byte is right-justified and zero-extended in r[rd]. 

Traps: 

Format: 

If LDUBA takes a trap, the contents of the destination register remain unchanged. 

If the instruction following an integer load uses the load's r[ rd] register as a source operand, 
hardware interlocks add one or more delay cycles depending upon the memory subsystem. 

illegal_instruction (if i=l) 
privileged_instruction (if S=O) 
data_access_exception 

25 24 19 18 

rd 1010001 I rs1 
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TEe H N 0 LOG Y. ,$ ===============;;:;S;;:;P;;:;J\;;:;R;;:;C=ID;;:;s;;:;tr;;:;ll;;:;c;;:;ti;;:;o;;:;D;;:;S;;:;et;;:; 

LDUH Load Unsigned Half-word LDUH 

Operation: r[rd] - zero extnd[r[rsl] + (r[rs2] or sign extnd(simm13»] 

Assembler 
Syntax: lduh [address], regrd 

Description: The LDUH instruction moves an unsigned half-word from memory into the destination reg­
ister, r[rd]. The effective memory address is derived by summing the contents ofr[rsl] and 
either the contents of r[rs2] if the instruction's i bit equals zero, or the 13-bit, sign-extended 
immediate operand contained in the instruction if i equals one. The fetched half-word is 
right-justified and zero-extended in r[rd]. 

Traps: 

Format: 

If LDUH takes a trap, the contents of the destination register remain unchanged. 

If the instruction following an integer load uses the load's r[rd] register as a source operand, 
hardware interlocks add one or more delay cycles depending upon the memory subsystem. 

Programming note: If rsl is set to 0 and i is set to 1, any location in the lowest or highest 4 
Kbytes of an address space can be accessed without setting up a register. 

memory_address_not_aligned 
data_access_exception 

31 30 29 25 24 19 18 14 13 12 5 4 0 

11 d rd I 000010 I rsl I i=O I ignored I rs2 I 
31 30 29 25 24 19 18 14 13 12 0 

11 d rd I 000010 I rsl I i=11 simm13 I 
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5 SPARe Instruction Set 
TECHNOLOGY, ======================= 
LDUHA Load Unsigned Half-word from Alternate space 

(Privileged Instruction) 

Operation: address space - asi 

r[rd] - zero extnd[r[rsl] + r[rs2]] 

Assembler 
Syntax: lduha [regaddr] asi, regrd 

LDUHA 

Description: The LDUHA instruction moves an unsigned half-word from memory into the destination 
register, r[rd]. The effective memory address is a combination of the address space value 
given in the asi field and the address derived by summing the contents of r[rsl] and r[rs2]. 
The fetched half-word is right-justified and zero-extended in r[rd]. 

Traps: 

Format: 

If LDUHA takes a trap, the contents of the destination register remain unchanged. 

If the instruction following an integer load uses the load's r[rd] register as a source operand, 
hardware interlocks add one or more delay cycles depending upon the memory subsystem. 

illegaUnstruction (if i==l) 
privileged_instruction (if S==O) 
memory _address_noCaligned 
data_access_exception 

25 24 19 18 

rd 1010010 I rs1 
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S SPARe Instruction Set 
TECHNOLOGY, ====================== 
MULScc Multiply Step and modify icc MULScc 

Operation: opl = (n XOR v) CONCAT r[rsl]<31:1> 

Assembler 

if (Y <0> = 0) op2 = 0, else op2 = r[rs2] or sign extnd(simm13) 

Y - r[rsl]<O> CONCAT Y<31:1> 
r[rd] - opl + op2 
n- r[rd]<31> 
z- if [r[rd]]=O then 1, else 0 
v- «op1<31> AND op2<31> AND not r[rd] <3 1» 

OR (not op1<3 1> AND not op2<31> AND r[rd]<31») 
c- «op1<31> AND op2<31» 

OR (not r[rd] AND (op1<31> OR op2<31>)) 

Syntax: mulscc regrsl, reg_or _imm, regrd 

Description: The multiply step instruction can be used to generate the 64-bit product of two signed or un­
signed words. MULScc works as follows: 

Traps: 

Format: 

1. The "incoming partial product" in r[ rs 1] is shifted right by one bit and the high-order bit is 
replaced by the sign of the previous partial product (n XOR v). This is operandI. 

2. If the least significant bit of the multiplier in the Y register equals zero, then operand2 is 
set to zero. If the LSB of the Y register equal one, then operand2 becomes the multipli­
cand, which is either the contents of r[rs2] if the instruction i field is zero, or sign 
extnd( simm 13) if the i field is one. Operand2 is then added to operand 1 and stored in r[ rd] 
(the outgoing partial product). 

3. The multiplier in the Y register is then shifted right by one bit and its high-order bit is re­
placed by the least significant bit of the incoming partial product in r[ rs 1]. 

4. The PSR's integer condition codes are updated according to the addition performed in 
step 2. 

none 

31 30 29 25 24 19 18 14 13 12 5 4 0 

11 0 I rd I 100100 I rsl I i=O I ignored I rs2 I 
31 30 29 25 24 19 18 14 13 12 0 

11 01 rd 1 
100100 

1 rsl 1 i=11 simm13 
1 
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OR Inclusive-Or OR 

Operation: r[rd] - r[rsl] OR (r[rs2] or sign extnd(simm13» 

Assembler 
Syntax: or regrs], reg_or _imm, regrd 

Description: This instruction does a bitwise logical OR of the contents of register r[rsl] with either the 
contents of r[rs2] (if bit field i=O) or the 13-bit, sign-extended immediate value contained in 
the instruction (if bit field i=I). The result is stored in register r[rd]. 

Traps: none 

Format: 

31 30 29 25 24 19 18 14 13 12 5 4 0 

11 01 rd I 000010 I rsl I i=O I ignored I rs2 I 
31 30 29 25 24 19 18 14 13 12 0 

11 01 rd I 000010 I rsl li=d simm13 I 
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ORcc Inclusive-Or and modify icc 

Operation: r[rd] - r[rsl] OR (r[rs2] or sign extnd(simm13)) 

n - r[rd] <3 1> 

Assembler 

z- if [r[rd]]=O then 1, else 0 

v-O 

c-O 

Syntax: orcc regrsl, reg_or _imm, regrd 

ORcc 

Description: This instruction does a bitwise logical OR of the contents of register r[rsI] with either the 
contents of r[rs2] (if bit field i=O) or the I3-bit, sign-extended immediate value contained in 
the instruction (if bit field i=I). The result is stored in register r[rd]. ORcc also modifies all 
the integer condition codes in the manner described above. 

Traps: none 

Format: 

31 30 29 25 24 19 18 14 13 12 5 4 0 

11 01 rd I 010010 I rsl I i=O I ignored I rs2 I 
31 30 29 25 24 19 18 14 13 12 o 

11 01 rd I 010010 I rsl I i=11 simm13 
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S SPARe Instruction Set 
TECHNOLOGY, ====================== 
ORN Inclusive-Or Not ORN 

Operation: r[rd] - r[rsl] OR not(operand2), where operand2 = (r[rs2] or sign extnd(simm13)) 

Assembler 
Syntax: om regrsl, reg_or _imm, regrd 

Description: This instruction does a bitwise logical OR of the contents of register r[rsl] with the one's 
complement of either the contents of r[ rs2] (if bit field i=O) or the 13-bit, sign-extended im­
mediate value contained in the instruction (if bit field i=l). The result is stored in register 
r[rd]. 

Traps: none 

Format: 

31 30 29 25 24 19 18 14 13 12 5 4 0 

11 01 rd I 000110 I rsl I i=O I ignored I rs2 I 
31 30 29 25 24 19 18 14 13 12 0 

11 01 rd I 000110 I rsl li=d simm13 I 
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S SPARe Instruction Set 
TECHNOLOGY, ======================= 
ORNcc Inclusive-Or Not and modify icc ORNcc 

Operation: r[rd] - r[rsl] OR not(operand2), where operand2 = (r[rs2] or sign extnd(simm13» 

n- r[rd]<31> 

Assembler 

z- if [r[rd]]=O then 1, else 0 

v-O 

c-O 

Syntax: orucc regrs] , reg_or_imm, regrd 

Description: This instruction does a bitwise logical OR of the contents of register r[rsl] with the one's 
complement of either the contents of r[rs2] (if bit field i=O) or the 13-bit, sign-extended im­
mediate value contained in the instruction (if bit field i=l). The result is stored in register 
r[rd). ORNcc also modifies all the integer condition codes in the manner described above. 

Traps: none 

Format: 

31 30 29 25 24 19 18 14 13 12 5 4 0 

11 0 I rd 1010110 I rs1 I i=O I ignored I rs2 I 
31 30 29 25 24 19 18 14 13 12 0 

11 0 I rd I 010110 I rs1 li=d simm13 I 
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RDASR Read Ancillary State Register RDASR 

Operation: 

Assembler 
Syntax: 

r[rd] - ASR (ancillary state register) 

rd %y, regrd (rdy special case) 
rd ascrsl, %rx (rdasr general case) 

Description: RDASR copies the contents of the ancillary state register specified by rs1 into the register 
specified by the rd field. 

Traps: 

Format: 

Version 8 of the SPARC Instruction Set Architecture defines instructions which access im­
plementation dependent control registers called ancillary state registers (ASR' s). As defined 
by the SPARC ISA, the existing rdy and wry instructions become special cases of the rdasr 
and wrasr instructions. When the rs1 field equals 0 - 15, a read Y register into the specified 
rd register is performed. Whenrs1 is < 15, the function is affected by the PSR supervisor bit 
and is performed according to the table below. 

For hyperSPARC, asr_rs1 can use the value %iccr = Oxlf (31 decimal) to read the instruction 
cache control register (ICCR), or Ox1e (30 decimal) to read the diagnostics register (DIAG). 
Any other ascrs1 value is interpreted according to the following table: 

rsl read source operation results 

0 Y register treat as rdy 

I to 15 Y register treat as rdy 

16 to 23 User unimplemented treat as illegal trap 

24 to 29 Privileged unimplemented if S = I ~ illegal trap 

if S = 0 ~ priv viol trap 

30 DlAG register if S = 1 ~ rd DlAG 

if S = 0 ~ priv viol trap 

31 ICCR register ifS=I~rdiccr 

if S = 0 ~ priv viol trap 

As described in the table above. 

25 24 19 18 14 13 o 

rd 1101000 I rsl ignored 
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RDPSR 

Operation: r[rd] - PSR 

Assembler 
Syntax: rd %psr, regrd 

Read Processor State Register 

(Privileged Instruction) 

RDPSR 

Description: RDPSR copies the contents of the PSR into the register specified by the rd field. 

Traps: privileged-instruction (if S=O) 

Format: 
3130 29 25 24 19 18 o 

rd 1101001 1 ignored 
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5 SPARe Instruction Set 
TECHNOLOGY, ====================== 
RDTBR 

Operation: r[rd] - TBR 

Assembler 
Syntax: rd %tbr, regrd 

Read Trap Base Register 

(Privileged Instruction) 

RDTBR 

Description: RDTBR copies the contents of the TBR into the register specified by the rd field. 

Traps: privileged_instruction (if S=O) 

Format: 
3130 29 25 24 19 18 o 

rd 1101011 1 ignored 
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S SPARe Instruction Set 
TECHNOLOGY, ====================== 

RDWIM 

Operation: r[rd] - WIM 

Assembler 
Syntax: rd %wim, regrd 

Read Window Invalid Mask register 

(Privileged Instruction) 

RDWIM 

Description: RDWIM copies the contents of the WIM register into the register specified by the rd field. 

Traps: privileged_instruction (if S=O) 

Format: 
25 24 19 18 o 

rd 1101010 1 ignored 
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RDY Read Y register RDY 

Operation: r[rd] - Y 

Assembler 
Syntax: rd %y, regrd 

Description: RDY copies the contents of the Y register into the register specified by the rd field. Note that 
this is a special case of the RDASR instruction. 

Traps: none 

Format: 
3130 29 25 24 19 18 14 13 0 

11 0 I rd I 101000 I 00000 I ignored I 
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RESTORE Restore caller's window RESTORE 

Operation: ncwp - CWP + 1 

Assembler 

result- r[rsl] + (r[rs2] or sign extnd(simm13» 

CWP-ncwp 

r[rd] - result 

RESTORE does not affect condition codes 

Syntax: restore regrsl, reg_or _imm, regrd 

Description: RESTORE adds one to the Current Window Pointer (modulo the number of implemented 
windows) and compares this value against the window invalid mask (WIM) register. If the 
new window number corresponds to an invalidated window (WIM AND 2ncwp = 1), a win­
dow_underflow trap is generated. If the new window number is not invalid (i.e., its corre­
sponding WIM bit is reset), then the contents of r[ rs 1] is added to either the contents of r[ rs2] 
(field bit i = 1) or to the 13-bit, sign-extended immediate value contained in the instruction 
(field biti = 0). Because the CWP has not been updated yet, r[ rs 1] and r[ rs2] are read from the 
currently addressed window (the called window). 

Traps: 

Format: 

The new CWP value is written into the PSR, causing the previous window (the caller's win­
dow) to become the active window. The result of the addition is now written into the r[rd] 
register of the restored window. 

Note that arithmetic operations involving the CWP are always done modulo the number of 
implemented windows (8 for the CY7C601). 

window_underflow 

31 30 29 25 24 19 18 14 13 12 5 4 0 

11 01 rd I 111101 I rsl I i=ol ignored I rs2 I 

31 30 29 25 24 19 18 14 13 12 0 

11 01 rd 1 111101 1 rsl 1 i=rj simm13 1 
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RETT Return from Trap 

(Privileged Instruction) 

RETT 

Operation: ncwp - CWP + 1 

ET-1 

PC-nPC 

Assembler 

nPC- r[rs1] + (r[rs2] or sign extnd(simm13)) 

CWP-ncwp 

S-pS 

Syntax: rett address 

Description: RETT adds one to the Current Window Pointer (modulo the number of implemented win­
dows) and compares this value against the window invalid mask (WIM) register. If the new 
window number corresponds to an invalidated window (WIM AND 2ncwp = 1), a win­
dow_underflow trap is generated. If the new window number is not invalid (i.e., its corre­
sponding WIM bit is reset), then RETT causes a delayed control transfer to the address 
derived by adding the contents ofr[rs1] to either the contents ofr[rs2] (field bit i = 1) or to the 
13-bit, sign-extended immediate value contained in the instruction (field bit i = 0). 

Before the control transfer takes place, the new CWP value is written into the PSR, causing 
the previous window (the one in which the trap was taken) to become the active window. In 
addition, the PSR's ET bit is set to one (traps enabled) and the previous Supervisor bit (pS) is 
restored to the S field. 

Although in theory RETT is a delayed control transfer instruction, in practice, RETT must 
always be immediately preceded by a JMPL instruction, creating a delayed control transfer 
couple (see Section 2.4.3.4.4). This has the effect of annulling the delay instruction. 

If traps were already enabled before encountering the RETT instruction, an illegal_instruc­
tion trap is generated. If traps are not enabled (ET=O) when the RETT is encountered, but (1) 
the processor is not in supervisor mode (S=O), or (2) the window underflow condition de­
scribed above occurs, or (3) if either of the two low-order bits of the target address are non­
zero, then a reset trap occurs. If a reset trap does occur, the tt field of the TBR encodes the trap 
condition: privileged_instruction, window_underflow, or memory _address_noCaligned. 
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S SPARe Instruction Set 
TECHNOLOGY, ====================== 
RETT 

Traps: 

Format: 

Return from Trap 

(Privileged Instruction) 

RETT 

Programming note: To re-execute the trapping instruction when returning from a trap han­
dler, use the following sequence: 

jmpl %17, %0 ! old PC 

rett %18 ! oldnPC 

Note thatthe CY7C60 1 saves the PC in r[17] (local 1 ) and the nPC in r[18] (locaI2) of the trap 
window upon entering a trap. 

To return to the instruction after the trapping instruction (e.g., when the trapping instruction 
is emulated), use the sequence: 

jmpl %18, %0 

rett %18 + 4 

illegal_instruction 
reset (privileged_instruction) 
reset (memory _address_nocaligned) 
reset (window_underflow) 

31 30 29 25 24 19 18 

11 01 ignored I 111001 I rsl 

31 30 29 25 24 19 18 

11 01 ignored I 111001 I rsl 
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S SPARe Instruction Set 
TECHNOLOGY, ====================== 
SAVE Save caller's window SAVE 

Operation: ncwp - CWP - 1 

Assembler 

result- r[rs1] + (r[rs2] or sign extnd(simm13» 

CWP-ncwp 

r[rd] - result 

SAVE does not affect condition codes 

Syntax: save regrsl, reg_or _imm, regrd 

Description: SAVE subtracts one from the Current Window Pointer (modulo the number of implemented 
windows) and compares this value against the window invalid mask (WIM) register. If the 
new window number corresponds to an invalidated window (WIM AND 2ncwp = 1), a win­
dow_overflow trap is generated. If the new window number is not invalid (i.e., its corre­
sponding WlM bit is reset), then the contents ofr[rs1] is added to either the contents ofr[rs2] 
(field bit i = 1) or to the 13-bit, sign-extended immediate value contained in the instruction 
(field bit i = 0). Because the CWP has not been updated yet, r[rs 1] and r[ rs2] are read from the 
currently addressed window (the calling window). 

Traps: 

Format: 

The new CWP value is written into the PSR, causing the active window to become the pre­
vious window, and the called window to become the active window. The result of the addi­
tion is now written into the r[rd] register of the new window. 

Note that arithmetic operations involving the CWP are always done modulo the number of 
implemented windows (8 for the CY7C601). 

window_overflow 

31 30 29 25 24 19 18 14 13 12 5 4 0 

11 01 rd 1 111100 1 rs1 1 i=O 1 ignored 1 rs2 1 
31 30 29 25 24 19 18 14 13 12 0 

11 01 rd 1 111100 1 rs1 b=d simm13 1 
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S SPARe Instruction Set 
TECHNOLOGY, ====================== 

SDIV Signed Divide SDIV 

Operation: r[rd] - Y r[rs1] -7- (r[rs2] or sign extnd(simm13)) 

Assembler 
Syntax: sdiv regrs ], reg_or_imm, regrd 

Description: The divide instructions perform 64-bit by 32-bit division, producing a 32-bit result. They 
either compute "((Y.r[rsl] + r[rs2]))" (when the immediate field is zero) or "((Y.r[rs1] + 

sign_ext (simm13))" (when the immediate field is one). The most signifacant 32 bits of the 
divisor are in the Y register, and the least significant 32 bits are in r[ rs 1]. The least significant 
32 bits of the integer quotient are written into the destination register. The entire remainder 
and the most significant 32 bits of the quotient (if generated) are discarded. SDIV does not 
affect the condition code bits. 

Note: 

Traps: 

Format: 

A signed divide (SDIV, SDIVcc) assumes a signed integer double-word dividend and a un­
signed integer word divisor and computes a signed integer word quotient. Signed division 
rounds an inexact quotient towards zero if there is a non-zero remainder. 

The result of a divide instruction can overflow the 32-bit destination register under certain 
conditions. When overflow occurs (whether or not the instruction sets the condition codes in 
the PSR), the largest appropriate integer is returned as the quotient in r[ rd]. Overflow occurs 
when the result is greater than 232 -1 if the result is positive, or less than _231 if the result is 
negative, and if the result has a remainder of divisor - 1. The value returned in r[rd] will be 
232 - 1 if the result is positive, and _231 if the result is negative. 

For future compatibility, software should assume that the contents of the Y register are not 
preserved by the divide instructions. 

If the divisor is zero, the instruction takes a divide-by-zero trap. 

31 30 29 25 24 19 18 14 13 12 5 4 0 

11 01 rd 1001111 I rsl I i=ol ignored I rs2 I 

31 30 29 25 24 19 18 14 13 12 0 

11 01 rd I 001111 I rsl I i=d simm13 I 
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5 SPARe Instruction Set 
====================== 

SDIVcc Signed Divide (modify icc) SDIVcc 

Operation: r[rd] - Y r[rs1] 7 (r[rs2] or sign extnd(simm13)) 

n- r[rd]<31> 

Assembler 

z - ifr[rd]=O then 1, else 0 

v - 1 if overflow, else 0 

c - 0 

Syntax: sdivcc regrs ], reg_or _imm, regrd 

Description: The divide instructions perform 64-bit by 32-bit division, producing a 32-bit result. They 
either compute "«Y.r[rs1] 7- r[rs2]))" (when the immediate field is zero) or "«Y.r[rs1] 7-

sign_ext (simm13))" (when the immediate field is one). The most signifacant 32 bits ofthe 
divisor are in the Y register, and the least significant 32 bits are in r[rs1]. The least significant 

32 bits of the integer quotient are written into the destination register. The entire remainder 

and the most significant 32 bits of the quotient (if generated) are discarded. 

Note: 

Traps: 

Format: 

A signed divide (SDIV, SDIV cc) assumes a signed integer double-word dividend and a un­

signed integer word divisor and computes a signed integer word quotient. Signed division 

rounds an inexact quotient towards zero if there is a non-zero remainder. 

The result of a divide instruction can overflow the 32-bit destination register under certain 

conditions. When overflow occurs (whether or not the instruction sets the condition codes in 

the PSR), the largest appropriate integer is returned as the quotient in r[rd]. Overflow occurs 

when the result is greater than 232 -1 if the result is positive, or less than _231 if the result is 

negative, and if the result has a remainder of divisor - 1. The value returned in r[rd] will be 

232 - I if the result is positive, and _231 if the result is negative. 

For future compatibility, software should assume that the contents of the Y register are not 

preserved by the divide instructions. 

If the divisor is zero, the instruction takes a divide-by-zero trap. 

31 30 29 25 24 19 18 14 13 12 5 4 0 

11 01 rd I 011111 I rsl I i=ol ignored I rs2 I 
31 30 29 25 24 19 18 14 13 12 0 

11 01 rd 1 01 I 1 I I I rsl 1 i=11 simm13 I 
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5 SPARe Instruction Set 
TECHNOLOGY, ======================= 
SETHI Set High 22 bits of r-register 

Operation: r[rd]<31:10>- imm22 

r[rd]<9:0> - 0 

Assembler 
Syntax: sethi const22, regrd 

sethi %hi value, regrd 

SETHI 

Description: SETHI zeros the ten least significant bits of the contents ofr[rd] and replaces its high-order 
22 bits with imm22. The condition codes are not affected. 

Programming note: SETHI 0, %0 is the preferred instruction to use as a NOP, because it will 
not increase execution time if it follows a load instruction. 

Traps: none 

Format: 
3130 29 25 24 22 21 o 

10 0 I rd I 100 I imm22 
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5 SPARe Instruction Set 
TECHNOLOGY, ====================== 
SLL Shift Left Logical SLL 

Operation: r[rd] - r[rsl] SLL by (r[rs2] or shcnt) 

Assembler 
Syntax: s11 regrsl, reg_or _imm, regrd 

Description: SLL shifts the contents ofr[ rs 1] left by the number of bits specified by the shift count, filling 
the vacated positions with zeros. The shifted results are written into r[rd]. No shift occurs if 
the shift count is zero. 

Traps: 

Format: 

If the i bit field equals zero, the shift count for SLL is the least significant five bits of the con­
tents of r[rs2]. If the i bit field equals one, the shift count for SLL is the 13-bit, sign extended 
immediate value, simm13. In the instruction format and the operation description above, the 
least significant five bits of simm13 is called shcnt. 

This instruction does not modify the condition codes. 

none 

31 30 29 25 24 19 18 14 13 12 5 4 0 

11 01 rd I 100101 I rs1 I i=ol ignored I rs2 I 
31 30 29 25 24 19 18 14 13 12 5 4 0 

11 01 rd 1 
100101 

1 rs1 1 i=ll ignored 
1 shent 

1 
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S SPARe Instruction Set 
TECHNOLOGY, ====================== 
SMUL Signed Multiply SMUL 

Operation: r[Y], r[rd] - r[rs1] x (r[rs2] or sign extnd(simm13», 

where the upper 32-bit result is placed in r[Y] ( the Y register) 

Assembler 
Syntax: smul regrsl, reg_or _imm, regrd 

Description: The multiply instructions perform 32-bit by 32-bit multiplications, producing 64-bit results. 

Note: 

Traps: 

Format: 

They either multiply the contents of two registers (when the immediate field is zero) or the 
content of a register and the sign extended immediate operand (when the immediate field is 
one). They write the 32 most significant bits of the product into the Y register and the 32 least 
significant bits into the destination register. 

A signed multiply (SMUL, SMULcc) assumes signed integer word operands and computes a 
signed integer double-word product. SMUL does not affect the condition code bits. 

32-bit overflow after SMUL is indicated by Y,* O. 

None 

31 30 29 25 24 19 18 14 13 12 5 4 0 

11 01 rd I 001011 I rs1 I i=O I ignored I rs2 I 
31 30 29 25 24 19 18 14 13 12 o 

11 01 rd 1 001011 I rsl I i=ll I - - I I I simm13 
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5 SPARe Instruction Set 
TECHNOLOCY, ====================== 
SMULcc Signed Multiply (modify icc) SMULcc 

Operation: r[Y], r[rd] - r[rsl] x (r[rs2] or sign extnd(simm13», 

Assembler 

where the upper 32-bit result is placed in r[Y] ( the Y register) 

n- r[rd]<31> 

z - if r[rd]=O then 1, else 0 

v - 0 

c - 0 

Syntax: smulcc regrsl, reg_or _imm, regrd 

Description: The multiply instructions perform 32-bit by 32-bit multiplications, producing 64-bit results. 

Note: 

Traps: 

Format: 

They either mUltiply the contents of two registers (when the immediate field is zero) or the 
content of a register and the sign extended immediate operand (when the immediate field is 
one). They write the 32 most significant bits of the product into the Y register and the 32 least 
significant bits into the destination register. 

A signed mUltiply (SMUL, SMULcc) assumes signed integer word operands and computes a 
signed integer double-word product. SMUL does not affect the condition code bits. 

32-bit overflow after SMUL is indicated by Y *- O. 
The negative (N) and zero (Z) condition code bits are set according to the least significant 
word of the product. 

None 

31 30 29 25 24 19 18 14 13 12 5 4 0 

11 01 rd I 011011 I rs1 I i=O I ignored I rs2 I 
31 30 29 25 24 19 18 14 13 12 0 

11 01 rd 1 
011011 

1 rs1 li=d simm13 1 

12-103 



S SPARe Instruction Set 
TECHNOLOGY, ====================== 
SRA Shift Right Arithmetic SRA 

Operation: r[rd] - r[rsl] SRA by (r[rs2] or shcnt) 

Assembler 
Syntax: sra regrsl, reg_or _imm, regrd 

Description: SRA shifts the contents ofr[rsl] right by the number of bits specified by the shift count, fill­
ing the vacated positions with the MSB of r[ rs 1]. The shifted results are written into r[ rd]. No 
shift occurs if the shift count is zero. 

Traps: 

Format: 

If the i bit field equals zero, the shift count for SRA is the least significant five bits of the 
contents of r[rs2]. If the i bit field equals one, the shift count for SRA is the 13-bit, sign ex­
tended immediate value, simm13. In the instruction format and the operation description 
above, the least significant five bits of simm13 is called shcnt. 

This instruction does not modify the condition codes. 

Programming note: A "Shift Left Arithmetic by 1 (and calculate overflow)" can be implem-
ented with an ADDcc instruction. 

none 

31 30 29 25 24 19 18 14 13 12 5 4 0 

11 01 rd I 100111 I rs1 I i=ol ignored I rs2 I 
31 30 29 25 24 19 18 14 13 12 5 4 0 
I I 

li=d 11 0 1 rd 100111 rs1 ignored shcnt 
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S SPARe Instruction Set 
TECHNOLOGY, ====================== 

SRL Shift Right Logical SRL 

Operation: r[rd] - r[rsl] SRL by (r[rs2] or shcnt) 

Assembler 
Syntax: srl regrsl, reg_or _imm, regrd 

Description: SRL shifts the contents of r[rsl] right by the number of bits specified by the shift count, fill­
ing the vacated positions with zeros. The shifted results are written into r[rd]. No shift occurs 
if the shift count is zero. 

Traps: 

Format: 

If the i bit field equals zero, the shift count for SRL is the least significant five bits of the 
contents ofr[rs2]. Ifthe i bit field equals one, the shift count for SRL is the 13-bit, sign ex­
tended immediate value, simm13. In the instruction format and the operation description 
above, the least significant five bits of simm13 is called shcnt. 

This instruction does not modify the condition codes. 

none 

31 30 29 25 24 19 18 14 13 12 5 4 0 

11 01 rd I 100110 I rsl I i=O I ignored I rs2 I 

31 30 29 25 24 19 18 14 13 12 5 4 0 

11 01 rd 1 100110 1 rsl 1 i=d ignored 1 shent 1 
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ST Store Word ST 

Operation: [r[rsl] + (r[rs2] or sign extnd(simm13»] - r[rd] 

Assembler 
Syntax: st regrd, [address] 

Description: The ST instruction moves a word from the destination register, r[rd], into memory. The ef­
fective memory address is derived by summing the contents of r[ rs 1] and either the contents 
of r[ rs2] if the instruction's i bit equals zero, or the 13-bit, sign-extended immediate operand 
contained in the instruction if i equals one. 

Traps: 

Format: 

If ST takes a trap, the contents of the memory address remain unchanged. 

Programming note,' If rsl is set to 0 and i is set to 1, any location in the lowest or highest 4 
Kbytes of an address space can be written to without setting up a register. 

memory _address_noCaligned 
data_access_exception 

31 30 29 25 24 19 18 

11 1 I rd 1000100 I 
31 30 29 25 24 19 18 

11 1 I rd I 000100 I 

14 13 12 5 4 o 

rsl I i=O I ignored rs2 

14 13 12 o 

rsl li=d simm13 
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5 SPARe Instruction Set 
TECI-INOLOGY, ======================= 
STA Store Word into Alternate space 

(Privileged Instruction) 

Operation: address space - asi 

[r[rsl] + r[rs2]] - r[rd] 

Assembler 
Syntax: sta regrd, [regaddr] asi 

STA 

Description: The STA instruction moves a word from the destination register, r[rd], into memory. The 
effective memory address is a combination of the address space value given in the asi field 
and the address derived by summing the contents of r[rsl] and r[rs2]. 

Traps: 

Format: 

If STA takes a trap, the contents of the memory address remain unchanged. 

illegaUnstruction (if i=l) 
privileged_instruction (if S=O) 
memory _address_noCaligned 
data_access _exception 

3130 29 25 24 19 18 

rd 1010100 I 
14 13 12 5 4 

rs1 asi rs2 
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STB Store Byte STB 

Operation: [r[rsl] + (r[rs2] or sign extnd(simm13))] - r[rd] 

Assembler 
Syntax: stb regrd, [address] 

synonyms: stub, stsb 

Description: The STB instruction moves the least significant byte from the destination register, r[rd] , into 
memory. The effective memory address is derived by summing the contents of r[rsI] and 
either the contents ofr[rs2] if the instruction's i bit equals zero, or the 13-bit, sign-extended 
immediate operand contained in the instruction if i equals one. 

Traps: 

Format: 

If STB takes a trap, the contents of the memory address remain unchanged. 

Programming note: If rsl is set to 0 and i is set to 1, any location in the lowest or highest 4 
Kbytes of an address space can be written to without setting up a register. 

data_access_exception 

31 30 29 25 24 19 18 14 13 12 5 4 0 

11 1 I rd I 000101 I rsl I i=O I ignored I rs2 I 

31 30 29 25 24 19 18 14 13 12 0 

11 1 I rd I 000101 I rsl I i=11 sirnrn13 I 
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S SPARe Instruction Set 
TECHNOLOGY, ====================== 
STBA Store Byte into Alternate space 

(Privileged Instruction) 

Operation: address space - asi 

[r[rs1] + r[rs2]] - r[rd] 

Assembler 
Syntax: stba regrd, [regaddr] asi 

synonyms: stuba, stsba 

STBA 

Description: The STBA instruction moves the least significant byte from the destination register, r[rd], 
into memory. The effective memory address is a combination of the address space value giv­
en in the asi field and the address derived by summing the contents of r[rsl] and r[rs2]. 

Traps: 

Format: 

If STBA takes a trap, the contents of the memory address remain unchanged. 

illegaUnstruction (if i= 1) 
privileged_instruction (if S=O) 
data_access _exception 

3130 29 25 24 19 18 

rd 1010101 I rs1 
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STC Store Coprocessor register STC 

Operation: [r[rsl] + (r[rs2] or sign extnd(simm13))] - c[rd] 

Assembler 
Syntax: st cregrd, [address] 

Description: The STC instruction moves a word from a coprocessor register, c[rd], into memory. The ef­
fective memory address is derived by summing the contents of r[rs 1] and either the contents 
of r[rs2] if the instruction's i bit equals zero, or the 13-bit, sign-extended immediate operand 
contained in the instruction if i equals one. 

Traps: 

Format: 

If the PSR's EC bit is set to zero or if no coprocessor is present, a cp_disabled trap will be 
generated. If STC takes a trap, memory remains unchanged. 

Note that hyperSPARC processors do not support the coprocessor interface. The execution 
of a coprocessor instruction by a hyperSPARC instruction results in an cp_disabled trap. 

Programming note: If rsl is set to 0 and i is set to 1, any location in the lowest or highest 4 
Kbytes of an address space can be written to without setting up a register. 

cp_disabled 
cp_exception 
memory _address_noCaligned 
data_access_exception 

31 30 29 25 24 19 18 
I I 
11 1 I rd 

i I 

\110100 I 

31 30 29 25 24 19 18 

rd 1110100 1 

14 

rs1 

14 

rs1 
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I i=ol ignored I rs2 I 

13 12 0 

1 i=rj simm13 1 



5 SPARe Instruction Set 
TECHNOLOGY, ====================== 
STCSR Store Coprocessor State Register STCSR 

Operation: [r[rsl] + (r[rs2] or sign extnd(simmI3))] - CSR 

Assembler 
Syntax: st %csr, [address] 

Description: The STCSR instruction moves the contents of the coprocessor state register into memory. 

Traps: 

Format: 

The effective memory address is derived by summing the contents ofr[rsl] and either the 
contents of r[rs2] if the instruction's i bit equals zero, or the 13-bit, sign-extended immediate 
operand contained in the instruction if i equals one. 

Ifthe PSR's BC bit is set to zero or if no coprocessor is present, a cp_disabled trap will be 
generated. If STCSR takes a trap, the contents of the memory address remain unchanged. 

Note that hyperSPARC processors do not support the coprocessor interface. The execution 
of a coprocessor instruction by a hyperSPARC instruction results in an cp_disabled trap. 

Programming note: If rsl is set to 0 and i is set to 1, any location in the lowest or highest 4 
Kbytes of an address space can be written to without setting up a register. 

cp_disabled 
cp _exception 
memory _address_noCaligned 
data_access_exception 

31 30 29 25 24 19 18 

11 1 I rd I 110101 I 
31 30 29 25 24 19 18 

11 d rd I 110101 I 

rsl 

rsl 
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14 13 12 5 4 0 

I i=O I ignored I rs2 I 
14 13 12 0 

I i=11 simm13 I 
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STD Store Double-word STD 

Operation: [r[rsl] + (r[rs2] or sign extnd(simm13»] - r[rd] 

[r[rsl] + (r[rs2] or sign extnd(simm13» + 4] - r[rd + 1] 

Assembler 
Syntax: std regrd, [address] 

Description: The STD instruction moves a double-word from the destination register pair, r[rd] and 
r[ rd+ 1], into memory. The effective memory address is derived by summing the contents of 
r[rsl] and either the contents of r[rs2] if the instruction's i bit equals zero, or the 13-bit, 
sign-extended immediate operand contained in the instruction if i equals one. The most sig­
nificant word in the even-numbered destination register is written into memory at the effec­
tive address and the least significant memory word in the next odd-numbered register is writ­
ten into memory at the effective address + 4. 

Traps: 

Format: 

I 

If a data_access_exception trap takes place during the effective address memory access, 
memory remains unchanged. 

Programming note: If rsl is set to 0 and i is set to 1, any location in the lowest or highest 4 
Kbytes of an address space can be written to without setting up a register. 

memory _address_not_aligned 
data_access_exception 

31 30 29 25 24 19 18 

I I I 
14 13 12 540 

I I 
11 1 I rd I 000111 I rsl I i=O I ignored rs2 I 
31 30 29 25 24 19 18 14 13 12 o 

11 1 I rd I 000111 I rsl li=d simm13 
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STDA Store double-word into Alternate space 

(Privileged Instruction) 

Operation: address space- asi 

[r[rsl] + (r[rs2]] - r[rd] 

[r[rsl] + (r[rs2] + 4] - r[rd + 1] 

Assembler 
Syntax: stda regrd, [regaddr] asi 

STDA 

Description: The STDA instruction moves a double-word from the destination register pair, r[rd] and 
r[ rd+ 1], into memory. The effective memory address is a combination of the address space 
value given in the asi field and the address derived by summing the contents ofr[rsl] and 
r[rs2]. The most significant word in the even-numbered destination register is written into 
memory at the effective address and the least significant memory word in the next odd-num­
bered register is written into memory at the effective address + 4. 

Traps: 

Format: 

If a data_access_exception trap takes place during the effective address memory access, 
memory remains unchanged. 

illegaUnstruction (if i=l) 
privileged_instruction (if S=O) 
memory _address_noCaligned 
data_access_exception 

3130 29 25 24 19 18 

rd 1010111 I 
5 4 o 

rs1 asi rs2 
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STDC Store double-word Coprocessor STDC 

Operation: [r[rsl] + (r[rs2] or sign extnd(simm13»] - c[rd] 

[r[rsl] + (r[rs2] or sign extnd(simm13» + 4] - c[rd + 1] 

Assembler 
Syntax: std cregrd, [address] 

Description: The STDC instruction moves a double-word from the coprocessor register pair, c[rd] and 
c[rd+ 1], into memory. The effective memory address is derived by summing the contents of 
r[rsl] and either the contents of r[rs2] if the instruction's i bit equals zero, or the 13-bit, 
sign-extended immediate operand contained in the instruction if i equals one. The most sig­
nificant word in the even-numbered destination register is written into memory at the effec­
tive address and the least significant memory word in the next odd-numbered register is writ­
ten into memory at the effective address + 4. 

Traps: 

Format: 

If the PSR's BC bit is set to zero or if no coprocessor is present, a cp_disabled trap will be 
generated. If a data_access_exception trap takes place during the effective address memory 
access, memory remains unchanged. 

Note that hyperSPARC processors do not support the coprocessor interface. The execution 
of a coprocessor instruction by a hyperSPARC instruction results in an cp_disabled trap. 

Programming note: If rsl is set to 0 and i is set to 1, any location in the lowest or highest 4 
Kbytes of an address space can be written to without setting up a register. 

cp_disabled 
cp_exception 
memory _address_noCaligned 
data_access_exception 

31 30 29 25 24 19 18 

11 1 I rd I 110111 I 
31 30 29 25 24 19 18 

11 1 I rd I 110111 I 

rsl 

rsl 
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I i=O I ignored I rs2 I 
14 13 12 0 

I i=11 simm13 I 
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STDCQ Store double-word Coprocessor Queue STDCQ 
(Privileged Instruction) 

Operation: [r[rsl] + (r[rs2] or sign extnd(simm13))] - CQ.ADDR 

[r[rsl] + (r[rs2] or sign extnd(simm13)) + 4] - CQ.lNSTR 

Assembler 
Syntax: std %cq, [address] 

Description: The STDCQ instruction moves the front entry of the coprocessor queue into memory. The 
effective memory address is derived by summing the contents ofr[rsl] and either the con­
tents of r[rs2] if the instruction's i bit equals zero, or the 13-bit, sign-extended immediate 
operand contained in the instruction if i equals one. The address portion of the queue entry is 
written into memory at the effective address and the instruction portion of the entry is written 
into memory at the effective address + 4. 

Traps: 

Format: 

If the PSR's EC bit is set to zero or if no coprocessor is present, a cp_disabled trap will be 
generated. If a data_access_exception trap takes place during the effective address memory 
access, memory remains unchanged. 

Note that hyperSPARC processors do not support the coprocessor interface. The execution 
of a coprocessor instruction by a hyperSPARC instruction results in an cp_disabled trap. 

Programming note: If rsl is set to 0 and i is set to 1, any location in the lowest or highest 4 
Kbytes of an address space can be written to without setting up a register. 

cp_disabled 
cp _exception 
privileged_instruction (if S=O) 
memory _address_noCaligned 
data_access _exception 

31 30 29 25 24 19 18 

11 1 I rd I 110110 I 
31 30 29 25 24 19 18 

11 1 I rd I 110110 I 

14 13 12 5 4 0 

rs1 I i=O I ignored I rs2 I 
14 13 12 0 

rs1 I i=ll simm13 I 
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STDF Store Double-word Floating-Point STDF 

Operation: [r[rsl] + (r[rs2] or sign extnd(simm13»] - f[rd] 

[r[rsl] + (r[rs2] or sign extnd(simm13» + 4] - f[rd + 1] 

Assembler 
Syntax: std !regrd, [address] 

Description: The STDF instruction moves a double-word from the floating-point register pair, f[rd] and 
f[rd+ 1], into memory. The effective memory address is derived by summing the contents of 
r[rsl] and either the contents of r[rs2] if the instruction's i bit equals zero, or the 13-bit, 
sign-extended immediate operand contained in the instruction if i equals one. The most sig­
nificant word in the even-numbered destination register is written into memory at the effec­
tive address and the least significant memory word in the next odd-numbered register is writ­
ten into memory at the effective address + 4. 

Traps: 

Format: 

If the PSR's EF bit is set to zero or if no floating-point unit is present, an fp_disabled trap will 
be generated. If a trap takes place, memory remains unchanged. 

Programming note: If rsl is set to 0 and i is set to 1, any location in the lowest or highest 4 
Kbytes of an address space can be written to without setting up a register. 

fp_disabled 
fp_exception* 
memory _address_nocaligned 
data_access_exception 

31 30 29 25 24 19 18 

11 1 I rd I 100111 I 
31 30 29 25 24 19 18 

11 1 I rd I 100111 I 

14 13 12 5 4 0 

rs1 I i=ol ignored I rs2 I 
14 13 12 0 

rs1 I i=ll sinnn13 I 

* NOTE: An attempt to execute any FP instruction will cause a pending FP exception to be recognized by the integer unit. 

12-116 



~ss SPARe Instruction Set n~ ======== TECHNOLOGY,INO. 

STDFQ Store Double-word Floating-Point Queue 

(Privileged Instruction) 

Operation: [r[rsl] + (r[rs2] or sign extnd(simm13»)] - FQ.ADDR 

[r[rsl] + (r[rs2] or sign extnd(simm13) + 4] - FQ.INSTR 

Assembler 
Syntax: std %fq, [address] 

STDFQ 

Description: The STDFQ instruction moves the front entry of the floating-point queue into memory. The 
effective memory address is derived by summing the contents of r[rsl] and either the con­
tents of r[rs2] if the instruction's i bit equals zero, or the 13-bit, sign-extended immediate 
operand contained in the instruction if i equals one. The address portion of the queue entry is 
written into memory at the effective address and the instruction portion of the entry is written 
into memory at the effective address + 4. If the FPU is in exception mode, the queue is then 
advanced to the next entry, or it becomes empty (as indicated by the qne bit in the FSR). 

Traps: 

Format: 

If the PSR' s EF bit is set to zero or if no floating-point unit is present, an fp _disabled trap will 
be generated. If a trap takes place, memory remains unchanged. 

Programming note: If rsl is set to 0 and i is set to 1, any location in the lowest or highest 4 
Kbytes of an address space can be written to without setting up a register. 

fp_disabled 
fp_exception* 
privileged_instruction (if S=O) 
memory _address_noCaligned 
data_access_exception 

31 30 29 25 24 19 18 

11 d rd I 100110 I 
31 30 29 25 24 19 18 

11 d rd I 100110 I 

14 13 12 5 4 0 

rs1 I i=O I ignored I rs2 I 
14 13 12 0 

rs1 I i=ll simm13 I 

* NOTE: An attempt to execute any FP instruction will cause a pending FP exception to be recognized by the integer unit. 
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STF Store Floating-Point register STF 

Operation: [r[rsl] + (r[rs2] or sign extnd(simm13»] - f[rd] 

Assembler 
Syntax: st jregrd, [address] 

Description: The STF instruction moves a word from a floating-point register, f[rd], into memory. The 
effective memory address is derived by summing the contents of r[rsl] and either the con­
tents of r[rs2] if the instruction's i bit equals zero, or the 13-bit, sign-extended immediate 
operand contained in the instruction if i equals one. 

Traps: 

Format: 

If the PSR's EF bit is set to zero or if no floating-point unit is present, an fp_disabled trap will 
be generated. If STF takes a trap, memory remains unchanged. 

Programming note: If rsl is set to 0 and i is set to 1, any location in the lowest or highest 4 
Kbytes of an address space can be written to without setting up a register. 

fp_disabled 
fp3xception* 
memory_address_not_aligned 
data_access3xception 

31 30 29 25 24 19 18 

11 1 I rd I 100100 I 
31 30 29 25 24 19 i8 

11 d rd I 100100 I 

14 13 12 5 4 0 

rsl I i=O I ignored I rs2 I 
14 13 12 0 

rsl I i=11 simm13 I 

* NOTE: An attempt to execute any FP instruction will cause a pending FP exception to be recognized by the integer unit. 
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S SPARe Instruction Set 
TECHNOLOGY, ====================== 
STFSR Store Floating-Point State Register STFSR 

Operation: [r[rsl] + (r[rs2] or sign extnd(simm13»] - FSR 

Assembler 
Syntax: st %fsr, [address] 

Description: The STFSR instruction moves the contents of the floating-point state register into memory. 

Traps: 

Format: 

The effective memory address is derived by summing the contents of r[rs 1] and either the 
contents of r[rs2] if the instruction's i bit equals zero, or the 13-bit, sign-extended immediate 
operand contained in the instruction if i equals one. This instruction will wait for all pending 
FPops to complete execution before it writes the FSR into memory. 

If the PSR' s EF bit is set to zero or if no floating-point unit is present, an fp _disabled trap will 
be generated. If STFSR takes a trap, the contents of the memory address remain unchanged. 

Programming note: If rsl is set to 0 and i is set to 1, any location in the lowest or highest 4 
Kbytes of an address space can be written to without setting up a register. 

fp_disabled 
fp_exception* 
memory _address_noCaligned 
data_access_exception 

31 30 29 25 24 19 18 

11 1 I rd I 100101 I 
31 30 29 25 24 19 18 

11 1 I rd I 100101 
! 

14 13 12 5 4 0 

rsl I i=O I ignored I rs2 I 
14 13 12 0 

rsl ! i=l! simm13 
! 

* NOTE: An attempt to execute any FP instruction will cause a pending FP exception to be recognized by the integer unit. 
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STH Store Half-word STH 

Operation: [r[rsl] + (r[rs2] or sign extnd(simm13»] - r[rd] 

Assembler 
Syntax: sth regrd, [address] synonyms: stuh, stsh 

Description: The STH instruction moves the least significant half-word from the destination register, 
r[rd], into memory. The effective memory address is derived by summing the contents of 
r[rsl] and either the contents of r[rs2] if the instruction's i bit equals zero, or the 13-bit, 
sign-extended immediate operand contained in the instruction if i equals one. 

Traps: 

Format: 

If STH takes a trap, the contents of the memory address remain unchanged. 

Programming note: If rsl is set to 0 and i is set to 1, any location in the lowest or highest 4 
Kbytes of an address space can be written to without setting up a register. 

memory _address_not_aligned 
data_access_exception 

31 30 29 25 24 19 18 

11 01 rd 1000110 I 
31 30 29 25 24 19 18 

11 0 I rd I 000110 I 

14 13 12 5 4 o 

rsl I i=O I ignored rs2 

14 13 12 o 

rsl I i=d simm13 
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5 SPARe Instruction Set 
TECHNOLOGY, ====================== 
STHA Store Half-word into Alternate space 

(Privileged Instruction) 

Operation: address space - asi 

[r[rsl] + (r[rs2]] - r[rd] 

Assembler 
Syntax: stha regrd, [address] 

synonyms: stuha, stsha 

STHA 

Description: The STHA instruction moves the least significant half-word from the destination register, 
r[rd] , into memory. The effective memory address is a combination of the address space val­
ue given in the asi field and the address derived by summing the contents of r[ rs 1] and r[rs2]. 

Traps: 

Format: 

If STHA takes a trap, the contents of the memory address remain unchanged. 

illegal_instruction (if i= 1) 
privileged_instruction (if S=O) 
memory _address_not_aligned 
data_access_exception 

3130 29 25 24 19 18 

rd 1010110 I 
5 4 o 

rs1 asi rs2 
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5 SPARe Instruction Set 
TECHNOLOGY, ====================== 
SUB Subtract SUB 

Operation: r[rd] - r[rsl] - (r[rs2] or sign extnd(simm13» 

Assembler 
Syntax: sub regrsl, reg_or _imm, regrd 

Description: The SUB instruction subtracts either the contents of the register named in the rs2 field, 
r[rs2], if the instruction's i bit equals zero, or the 13-bit, sign-extended immediate operand 
contained in the instruction if i equals one, from register r[ rs 1]. The result is placed in the 
register specified in the rd field. 

Traps: none 

Format: 

31 30 29 25 24 19 18 14 13 12 5 4 0 

11 0 I rd 1000100 I rsl I i=ol ignored I rs2 I 
31 30 29 25 24 19 18 14 13 12 0 

11 01 rd 1 
000100 I rsl I i=11 simm13 I 
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5 SPARe Instruction Set 
TECHNOLOGY, ====================== 
SUBcc Subtract and modify icc SUBcc 

Operation: r[rd] - r[rsl] - operand2, where operand2 = (r[rs2] or sign extnd(simml3» 

n- r[rd]<3l> 

Assembler 

z- ifr[rd] =0 then 1, else 0 

v- (r[rsl]<31> AND not operand2<31> AND not r[rd]<31» 

OR (not r[rsl]<31> AND operand2<31> AND r[rd]<31» 

c- (not r[rsl]<31> AND operand2<31» 

OR (r[rd]<31> AND (not r[rsl]<31> OR operand2<31») 

Syntax: subcc regrs] , reg_or _imm, regrd 

Description: The SUBcc instruction subtracts either the contents of register r[ rs2] (if the instruction's i bit 
equals zero) or the 13-bit, sign-extended immediate operand contained in the instruction (if i 
equals one) from register r[rsl]. The result is placed in register r[rd]. In addition, SUBcc 
modifies all the integer condition codes in the manner described above. 

Traps: 

Format: 

Programming note: A SUBcc instruction with rd = 0 can be used for signed and unsigned 
integer comparison. 

none 

31 30 29 25 24 19 18 14 13 12 5 4 0 

11 01 rd 1010100 1 rsl I i=O I ignored I rs2 I 
31 30 29 25 24 19 18 14 13 12 0 

11 01 rd I 010100 I rsl I i=11 simm13 I 
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S SPARe Instruction Set 
TECHNOLOGY, ====================== 
SUBX Subtract with Carry SUBX 

Operation: r[rd] - r[rsl] - (r[rs2] or sign extnd(simm13)) - c 

Assembler 
Syntax: subx regrsl, reg_or _imm, regrd 

Description: SUBX subtracts either the contents of register r[ rs2] (if the instruction's i bit equals zero) or 
the 13-bit, sign-extended immediate operand contained in the instruction (if i equals one) 
from register r[rsl]. It then subtracts the PSR's carry bit (c) from that result. The final result 
is placed in the register specified in the rd field. 

Traps: none 

Format: 

31 30 29 25 24 19 18 14 13 12 5 4 0 

11 01 rd I 001100 I rsl I i=O I ignored I rs2 I 
31 30 29 25 24 19 18 14 13 12 0 

11 01 rd 1 
001100 

1 rsl 1 i=11 simm13 
1 
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S SPARe Instruction Set 
TECHNOLOGY, ====================== 
SUBXcc Subtract with Carry and modify icc SUBXcc 

Operation: r[rd] - r[rsl] - operand2 - c, where operand2 == (r[rs2] or sign extnd(simmI3» 

n- r[rd]<31> 

Assembler 

z - if r[ rd] ==0 then 1, else 0 

v- (r[rsl]<31> AND not operand2<31> AND not r[rd]<31» 

OR (not r[rsl]<31> AND operand2<31> AND r[rd]<31» 

c- (not r[rsl]<31> AND operand2<31» 

OR (r[rd]<31> AND (not r[rsl]<31> OR operand2<31») 

Syntax: subxcc regrsl, reg_or _imm, regrd 

Description: SUBXcc subtracts either the contents of register r[rs2] (if the instruction's i bit equals zero) 
or the 13-bit, sign-extended immediate operand contained in the instruction (if i equals one) 
from register r[rsl]. It then subtracts the PSR's carry bit (c) from that result. The final result 
is placed in the register specified in the rd field. In addition, SUBXcc modifies all the integer 
condition codes in the manner described above. 

Traps: none 

Format: 

31 30 29 25 24 19 18 14 13 12 5 4 0 

11 01 rd I 011100 I rsl I i=O I ignored I rs2 I 
31 30 29 25 24 19 18 14 13 12 0 

11 01 rd I 011100 I rsl I i=11 simm13 I 
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TEe H N 0 LOG Y, ,$ ===============;;;:;S;;;:;P;;;:;1\;;;:;R;;;:;C=ID;;;:;s;;;:;tr;;;:;u;;;:;c;;;:;ti;;;:;o;;;:;D;;;:;S;;;:;et;;;:; 

SWAP Swap r-register with memory SWAP 

Operation: word- [r[rs1] + (r[rs2] or sign extnd(simm13))] 

temp- r[rd] 

r[rd]- word 

r[rs1] + (r[rs2] or sign extnd(simm13))- temp 

Assembler 
Syntax: swap [source], regrd 

Description: SWAP atomically exchanges the contents of r[rd] with the contents of a memory location, 
i.e., without allowing asynchronous trap interruptions. In a mUltiprocessor system, two or 
more processors executing SWAP instructions simultaneously are guaranteed to execute 
them serially, in some order. 

Traps: 

Format: 

The effective memory address is derived by summing the contents ofr[rs1] and either the 
contents of r[ rs2] if the instruction's i bit equals zero, or the 13-bit, sign-extended immediate 
operand contained in the instruction if i equals one. 

If SWAP takes a trap, the contents of the memory address and the destination register remain 
unchanged. 

Programming note: If rsl is set to 0 and i is set to 1, any location in the lowest or highest 4 
Kbytes of an address space can be accessed without setting up a register. 

memory _address_noCaligned 
data_access_exception 

31 30 29 25 24 19 18 

11 1 I rd I 001111 I 
31 30 29 25 24 19 18 

11 1 I rd I 001111 I 

14 13 12 5 4 o 

rs1 I i=O I ignored rs2 

14 13 12 o 

rs1 I i=ll simm13 
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5 SPARe Instruction Set 
TECHNOLOGY, ====================== 
SWAPA Swap r-register with memory in Alternate space 

Operation: address space - asi 

word- [r[rsl] + r[rs2]] 

temp- r[rdl 

r[rd]- word 

[r[rsl] + r[rs2]] - temp 

Assembler 

(Privileged Instruction) 

Syntax: swapa [regsource] asi, regrd 

SWAPA 

Description: SWAPA atomically exchanges the contents ofr[rd] with the contents of a memory location, 
i.e., without allowing asynchronous trap interruptions. In a multiprocessor system, two or 
more processors executing SWAPA instructions simultaneously are guaranteed to execute 
them serially, in some order. 

Traps: 

Format: 

The effective memory address is a combination of the address space value given in the asi 
field and the address derived by summing the contents of r[rsl] and r[rs2]. 

If SWAPA takes a trap, the contents of the memory address and the destination register re­
main unchanged. 

illegaUnstruction (if i=l) 
privileged_instruction (if S=O) 
memory _address_noCaligned 
data_access_exception 

31 30 29 25 24 19 18 

rd 1011111 I rs1 
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TEe H N 0 LOG Y, ,~ ===============;;:;S;;:;P;;:;i<\;;:;R;;:;C=ID;;:;s;;:;tr;;:;u;;:;c;;:;ti;;:;o;;:;D;;:;S;;:;et;;:; 

TADDcc Tagged Add and modify icc TADDcc 

Operation: r[rd] - r[rsl] + operand2, where operand2 = (r[rs2] or sign extnd(simmI3)) 

n- r[rd]<31> 

Assembler 

z- ifr[rd]=O then 1, else 0 

v- (r[rs1]<31> AND operand2<31> AND not r[rd]<31» 

OR (not r[rsl]<31> AND not operand2<31> AND r[rd]<31» 

OR (r[rs1]<1:0>· 0 OR operand2<1:0>· 0) 

c- (r[rs1]<31> AND operand2<31> 

OR (not r[rd]<31> AND (r[rsl]<31> OR operand2<31») 

Syntax: taddcc regrsl, reg_or _imm, regrd 

Description: TADDcc adds the contents of r[rsl] to either the contents of r[rs2] if the instruction's i bit 
equals zero, or to a 13-bit, sign-extended immediate operand if i equals one. The result is 
placed in the register specified in the rd field. In addition to the normal arithmetic overflow, 
an overflow condition also exists ifbit 1 or bit 0 of either operand is not zero. TADDcc modi­
fies all the integer condition codes in the manner described above. 

Traps: none 

Format: 

31 30 29 25 24 19 18 14 13 12 5 4 0 

11 01 rd I 100000 I rsl I i=ol ignored I rs2 I 
31 30 29 25 24 19 18 14 13 12 0 

11 0 I rd I 100000 I rsl I i=11 simm13 I 
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5 SPARe Instruction Set 
TECHNOLOGY, ======================= 
TADDccTV Tagged Add (modify icc) Trap on Overflow TADDccTV 

Operation: result- r[rsl] + operand2, where operand 2 = (r[rs2] or sign extnd(simm13)) 

tv - (r[rsl]<31> AND operand2<31> AND not r[rd]<31» 

Assembler 

OR (not r[rsl]<31> AND not operand2<31> AND r[rd]<31» 

OR (r[rsl]<1:0>· 0 OR operand2<1:0>· 0) 

if tv = 1, then tag overflow trap; else 

n- r[rd]<31> 

z- ifr[rd]=O then 1, else 0 

v-tv 

c- (r[rsl]<31> AND operand2<31> 

OR (not r[rd]<31> AND (r[rsl]<31> OR operand2<31») 

r[rd] - result 

Syntax: taddcctv regrs1, reg_or _imm, regrd 

Description: TADDccTV adds the contents of r[rs 1] to either the contents of r[rs2] ifthe instruction's i bit 
equals zero, or to a 13-bit, sign-extended immediate operand if i equals one. In addition to the 
normal arithmetic overflow, an overflow condition also exists if bit 1 or bit 0 of either oper­
and is not zero. 

Traps: 

Format: 

IfTADDccTV detects an overflow condition, a tag_overflow trap is generated and the desti­
nation register and condition codes remain unchanged. If no overflow is detected, 
TADDccTV places the result in the register specified in the rd field and modifies all the inte­
ger condition codes in the manner described above (the overflow bit is, of course, set to zero). 

tag_overflow 

31 30 29 25 24 19 18 14 13 12 5 4 0 

11 01 rd I 100010 I rs1 I i=O I ignored I rs2 1 

31 30 29 25 24 19 18 14 13 12 0 

11 01 rd 1 
100010 

1 rs1 1 i=ll simm13 
1 

12-129 



S SPARe Instruction Set 
TECHNOLOGY, ====================== 

Ticc Trap on integer condition codes Ticc 

Operation: If condition true, then trap_instruction; 

Assembler 
Syntax: 

tt- 128 + [r[rsl] + (r[rs2] or sign extnd(simm13»]<6:0> 

elsePC-nPC 

nPC-nPC +4 

ta software_trap _number 
tn software_trap _number 

tne software_trap _number synonym: tnz 
te software_trap _number synonym: tz 
tg software_trap _number 

tle software_trap _number 

tge software_trap _number 

tl software_trap _number 

tgu software_trap _number 

tleu software_trap _number 

tcc software_trap _number synonym: tgeu 
tcs software_trap _number synonym: tlu 
tpos software_trap _number 
tneg software_trap _number 
tvc software_trap _number 

tvs software_trap _number 

Description: A Ticc instruction evaluates specific integer condition code combinations (from the PSR's 
icc field) based on the trap type as specified by the value in the instruction's cond field. If the 
specified combination of condition codes evaluates as true, and there are no higher-priority 
traps pending, then a trap_instruction trap is generated. If the condition codes evaluate as 
false, the trap is not generated. 

Traps: 

If a trap_instruction trap is generated, the tt field of the trap base register (TBR) is written 
with 128 plus the least significant seven bits of r[ rs 1] plus either r[ rs2] (bit field i =0) or the 
13-bit sign-extended immediate value contained in the instruction (bit field i =1). See Sec­

tion 2.4.5 for the complete definition of a trap. 

trap_instruction 
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TEO H " 0' 0 G Y. ,$ ===============;;:;S;;:;P;;:;~;;:;R;;:;C=In;;:;s;;:;tr;;:;u;;:;c;;:;ti;;:;o;;:;n;;:;S;;:;e::::t 
Ticc 

Format: 

Trap on integer condition codes 

Mnemonic Condo Operation icc Test 

TN 0000 Trap Never No test 

TE 0001 Trap on Equal z 

TLE 0010 Trap on Less or Equal zOR(nXOR v) 

TL 0011 Trap on Less nXORv 

TLEU 0100 Trap on Less or Equal, Unsigned cORz 

TCS 0101 Trap on Carry Set (Less then, Unsigned) c 

TNEG 0110 Trap on Negative n 

TVS 0111 Trap on oVerflow Set v 

TA 1000 Trap Always No test 

TNE 1001 Trap on Not Equal notz 

TG 1010 Trap on Greater not(z OR (n XOR v)) 

TGE 1011 Trap on Greater or Equal not(nXOR v) 

TGU 1100 Trap on Greater, Unsigned not(cOR z) 

TCC 1101 Trap on Carry Clear (Greater than or Equal, note 
Unsigned) 

TPOS 1110 Trap on Positive notn 

TVC 1111 Trap on oVerflow Clear not v 

31 30 29 28 25 24 19 18 14 13 12 5 4 

11 0 I ign·1 cond·1 11 1 0 1 0 I rsl I i=O I ignored I rs2 

31 30 29 28 25 24 19 18 

11 0 I ign·1 cond·1 1 1 1 0 1 0 I 
ign. = ignored 
condo = condition 

rsl 
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S SPARe Instruction Set 
TECHNOLOGY, ====================== 
TSUBcc Tagged Subtract and modify icc TSUBcc 

Operation: r[rd] - r[rsl] - operand2, where operand2 = (r[rs2] or sign extnd(simm13)) 

n- r[rd]<31> 

z - if r[rd]=O then 1, else 0 

v- (r[rsl]<31> AND not operand2<31> AND not r[rd]<31» OR (not r[rsl]<31> 

AND operand2<31> AND r[rd]<31» OR (r[rsl]<1:0>· 0 OR operand2<1:0>· 0) 

c- (not r[rsl]<31> AND operand2<31> 

OR (r[rd]<31> AND (not r[rsl]<31> OR operand2<31») 

Assembler 
Syntax: tsubcc regrsl, reg_or _imm, regrd 

Description: TSUBcc subtracts either the contents of registerr[rs2] (if the instruction's i bit equals zero) or 
the 13-bit, sign-extended immediate operand contained in the instruction (if i equals one) 
from register r[ rs 1]. The result is placed in the register specified in the rd field. In addition to 
the normal arithmetic overflow, an overflow condition also exists if bit 1 or bit 0 of either 
operand is not zero. TSUBcc modifies all the integer condition codes in the manner de-
scribed above. 

Traps: none 

Format: 

31 30 29 25 24 19 18 14 13 12 5 4 0 

11 0 I rd I 100001 I rs1 I i=O I ignored I rs2 I 
31 30 29 25 24 19 18 14 13 12 0 

11 0 I rd I 100001 I rs1 li=d simm13 I 
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S SPARe Instruction Set 
TECHNOLOGY, ====================== 
TSUBccTV Tagged Subtract (modify icc) TSUBccTV 

Trap on Overflow 

Operation: result- r[rsl] - operand2, where operand2 = (r[rs2] or sign extnd(simm13» 

Assembler 

tv- (r[rsl]<31> AND not operand2<31> AND not r[rd]<31» OR (not r[rsl]<31> 

AND operand2<31> AND r[rd]<31» 

OR (r[rsl]<1:0>· 0 OR operand2<1:0>· 0) 

if tv = 1, then tag overflow trap; else 

n- r[rd]<31> 

z - if r[rd]=O then 1, else 0 

v-tv 

c- (not(r[rsl]<31» AND operand2<31> OR 

(r[rd]<31> AND (not(r[rsl]<31» OR operand2<31») 

r[ rd] - result 

Syntax: tsubcctv regrs1, reg_or _imm, regrd 

Description: TSUBccTV subtracts either the contents of register r[rs2] (if the instruction's i bit equals 
zero) or the 13-bit, sign-extended immediate operand contained in the instruction (if i equals 
one) from register r[rsl]. In addition to the nonnal arithmetic overflow, an overflow condi­
tion also exists if bit 1 or bit 0 of either operand is not zero. 

Traps: 

Format: 

If TSUBccTV detects an overflow condition, a ta~overflow trap is generated and the desti­
nation register and condition codes remain unchanged. If no overflow is detected, 
TSUBccTV places the result in the register specified in the rd field and modifies all the inte­
ger condition codes in the manner described above (the overflow bit is, of course, set to zero). 

tag_overflow 

31 30 29 25 24 19 18 14 13 12 5 4 0 

11 01 rd I 100011 I rs1 I i=O I ignored I rs2 I 
31 30 29 25 24 19 18 14 13 12 0 

11 0 I rd I 100011 I rs1 I i=ll simm13 I 
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5 SPARe Instruction Set 
TECHNOLOGY, ====================== 
UDIV Unsigned Divide UDIV 

Operation: r[rd] - Y r[rs1] -;- (r[rs2] or sign extnd(simm13)) 

Assembler 
Syntax: udiv regrs], reg_or_imm, regrd 

Description: The divide instructions perform 64-bit by 32-bit division, producing a 32-bit result. They 
either compute "((Y r[rs1] + r[rs2]))" (when the immediate field is zero) or "((Y r[rs1] + 

sign_ext (simm13))" (when the immediate field is one). The most significant 32 bits of the 
dividend are in the Y register, and the least significant 32 bits are in r[rs1]. The least signifi­
cant 32 bits of the integer quotient are written into the destination register. The entire remain­
der and the most significant 32 bits of the quotient (if generated) are discarded. UDIV does 
not affect the condition code bits. 

Note: 

Traps: 

Format: 

An unsigned divide (UDIV, UDIV cc) assumes a unsigned integer double-word dividend and 
an unsigned integer word divisor and computes an unsigned integer word quotient. However, 
if the second source operand is an immediate operand, itis sign-extended (to 32 bits) as usual. 

The result of a divide instruction can overflow the 32-bit destination register under certain 
conditions. When overflow occurs (whether or not the instruction sets the condition codes in 
the PSR), the largest appropriate integer is returned as the quotient in r[rd]. Overflow occurs 
when the result is greater than 232 -1 with a remainder of divisor - 1. The value returned in 
r[rd] will be 232 - 1. 

For future compatibility, software should assume that the contents of the Y register are not 
preserved by the divide instructions. 

If the divisor is zero, the instruction takes a divide-by-zero trap. 

31 30 29 25 24 19 18 14 13 12 5 4 0 

11 01 rd 1001110 I rsl I i=O I ignored I rs2 I 
31 30 29 25 24 19 18 14 13 12 0 

11 01 rd I 001110 I rsl I i=d simm13 I 
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5 SPARe Instruction Set 
TECHNOLOGY, ====================== 
UDIVcc Unsigned Divide (modify icc) UDIVcc 

Operation: r[rd] - Y r[rs1] -7- (r[rs2] or sign extnd(simm13» 

n- r[rd]<31> 

Assembler 

z - ifr[rd]=O then 1, else 0 

v-I if overflow, else 0 

c- 0 

Syntax: udivcc regrsj, reg_or_imm, regrd 

Description: The divide instructions perform 64-bit by 32-bit division, producing a 32-bit result. They 
either compute "«Y r[rs1] + r[rs2]))" (when the immediate field is zero) or "«Y r[rs1] + 

signjxt (simm13»" (when the immediate field is one). The most significant 32 bits of the 
dividend are in the Y register, and the least significant 32 bits are in r[rs1]. The least signifi­
cant 32 bits of the integer quotient are written into the destination register. The entire remain­
der and the most significant 32 bits of the quotient (if generated) are discarded. 

Note: 

Traps: 

Format: 

An unsigned divide (UDIV, UDIV cc) assumes a unsigned integer double-word dividend and 
an unsigned integer word divisor and computes an unsigned integer word quotient. However, 
if the second source operand is an immediate operand, it is sign-extended (to 32 bits) as usual. 

The result of a divide instruction can overflow the 32-bit destination register under certain 
conditions. When overflow occurs (whether or not the instruction sets the condition codes in 
the PSR), the largest appropriate integer is returned as the quotient in r[rd]. Overflow occurs 
when the result is greater than 232 -1 with a remainder of divisor - 1. The value returned in 
r[rd] will be 232 - 1. 

For future compatibility, software should assume that the contents of the Y register are not 
preserved by the divide instructions. 

If the divisor is zero, the instruction takes a divide-by-zero trap. 

31 30 29 25 24 19 18 14 13 12 5 4 0 

11 01 rd I 01 11 10 I rsl I i=O I ignored 1 rs2 I 
31 30 29 25 24 19 18 14 13 12 0 

11 01 rd I o 1 1 1 1 0 I rsl I i=d simm13 I 
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5 SPARe Instruction Set 
TECHNOLOGY, ====================== 
UMUL Unsigned Multiply UMUL 

Operation: r[Y], r[rd] - r[rsl] x (r[rs2] or sign extnd(simm13», 

where the upper 32-bit result is placed in r[Y] ( the Y register) 

Assembler 
Syntax: umul regrs], reg_or_imm, regrd 

Description: The multiply instructions perform 32-bit by 32-bit multiplications, producing 64-bit results. 

Note: 

Traps: 

Format: 

They either multiply the contents of two registers (when the immediate field is zero) or the 
content of a register and the sign extended immediate operand (when the immediate field is 
one). They write the 32 most significant bits of the product into the Y register and the 32 least 
significant bits into the destination register. 

An unsigned multiply, UMUL, assumes unsigned integer word operands and computes an 
unsigned integer double-word product. However, if the second source operand is an immedi­
ate operand, it is sign-extended (to 32 bits) as usual. UMUL does not affect the condition 
code bits. 

32-bit overflow after UMUL is indicated by Y =j:. 0 

None 

31 30 29 25 24 19 18 14 13 12 5 4 0 

11 01 rd 1001010 I rsl I i=O I ignored I rs2 I 
31 30 29 25 24 19 18 14 13 12 o 

11 0 I rd I 001010 I rsl I i=11 simm13 
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UMULcc Unsigned Multiply (modify icc) UMULcc 

Operation: r[Y], r[rd] - r[rsl] x (r[rs2] or sign extnd(simm13», 

Assembler 

where the upper 32-bit result is placed in r[Y] ( the Y register) 

n- r[rd]<31> 

z - if r[rd] =0 then 1, else 0 

v- 0 

c- 0 

Syntax: umulcc regrs], reg_or_imm, regrd 

Description: The multiply instructions perform 32-bit by 32-bit multiplications, producing 64-bit results. 

Note: 

Traps: 

Format: 

They either multiply the contents of two registers (when the immediate field is zero) or the 
content of a register and the sign extended immediate operand (when the immediate field is 
one). They write the 32 most significant bits of the product into the Y register and the 32 least 
significant bits into the destination register. 

An unsigned multiply, UMUL, assumes unsigned integer word operands and computes an 
unsigned integer double-word product. However, if the second source operand is an immedi­
ate operand, it is sign-extended (to 32 bits) as usual. UMUL does not affect the condition 
code bits. 

32-bit overflow after UMUL is indicated by Y =;F O. 
The negative (N) and zero (Z) condition code bits are set according to the least significant 
word of the product. 

None 

31 30 29 25 24 19 18 14 13 12 5 4 0 

11 01 rd 1011010 I rs1 I i=O I ignored I rs2 I 
31 30 29 25 24 19 18 14 13 12 0 

11 0 I rd I 011010 I rs1 I i=11 sirnm13 I 
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S SPARe Instruction Set 
TECHNOLOGY, ====================== 
UNIMP Unimplemented instruction UNIMP 

Operation: illegal instruction trap 

Assembler 
Syntax: unimp const22 

Description: Executing the UNIMP instruction causes an immediate illegaCinstruction trap. The value in 
the const22 field is ignored. 

Traps: 

Format: 

Programming note: UNIMP can be used as part of the protocol for calling a function that is 
expected to return an aggregate value, such as a C-language structure. 

1. An UNIMP instruction is placed after (not in) the delay slot after the CALL instruction in 
the calling function. 

2. If the called function is expecting to return a structure, it will find the size of the structure 
that the caller expects to be returned as the const22 operand of the UNIMP instruction. 
The called function can check the opcode to make sure it is indeed UNIMP. 

3. If the function is not going to return a structure, upon returning, it attempts to execute 
UNIMP rather than skipping over it as it should. This causes the program to terminate. 
The behavior adds some run-time checking to an interface that cannot be checked proper­
ly at compile time. 

illegaCinstruction 

3130 29 25 24 ?2 21 o 

I 0 0 I ignored I 0 0 0 I const22 
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WRASR Write Ancillary State Register WRASR 

Operation: 

Assembler 
Syntax: 

r[rd] - ASR (ancillary state register) 

wr %rx, %ry, %y (wry special case) 
wr %rx, simm13, %y 
wr %rx, %ry, ascrd (wrasr general case) 
wr %rx, simm13, ascrd 

Description: WRASR computes the bitwise exclusive-or (XOR) of operand 1 (rs1) and operand 2 (either 
rs2 or simm13) and write the result into the specified state register. WRY is now a subcase of 
WRASR. When the rd field equals 0 - 15, a write into the Y register is performed. When rd is 
< 15, the write function is affected by the PSR supervisor bit, and is performed as follows: 

Traps: 

Note: 

Format: 

rd write destination operation results 

0 Y register treat as wry 

I to 15 Y register treat as wry 

16 to 23 User unimplemented treat as illegal trap 

24 to 29 Privileged unimplemented If s= I -t illegal trap 

If S = 0 -t priv viol trap 

30 DIAG register If S = I -t wr DIAG 

If S = 0 -t priv viol trap 

31 !Be r-register IfS = l-t wriccr 

If S = 0 -t priv viol trap 

For hyperSPARC, ascrd can use the value %iccr = Oxlf (31 decimal) to write to the instruc­
tion cache control register, or Ox1e (30 decimal) to write to the diagnostic register (DIAG). 
Any other ascrd value is interpreted according to the table above. 

As described in the table above. 

For hyperSPARC, any write special register instruction causes packet splitting to be enforced 
for the next three instructions. 

3130 29 25 24 19 18 14 13 12 4 0 

11 0 I rd I 110000 I rsl I 0 ignored I rs2 I 
3130 29 25 24 19 18 14 13 12 0 

11 0 I rd I 110000 I rsl I simm 13 I 
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WRPSR Write Processor State Register 

(Privileged Instruction) 

WRPSR 

Operation: PSR - r[rsl] XOR (r[rs2] or sign extnd(simm13» 

Assembler 
Syntax: wr regrsl, reg_or _imm, %psr 

Description: WRPSR does a bitwise logical XOR of the contents of register r[ rs 1] with either the contents 
of r[rs2] (if bit field i=O) or the 13-bit sign-extended immediate value contained in the in­
struction (if bit field i=I). The result is written into the writable subfields of the PSR. How­
ever, if the result's CWP field would point to an unimplemented window, an illegal_instruc­
tion trap is generated and the PSR remains unchanged. 

Traps: 

Format: 

WRPSR is a delayed-write instruction: 

1. If any of the three instructions following a WRPSR uses any PSR field that WRPSR modi­
fied, the value of that field is unpredictable. Note that any instruction which references a 
non-global register makes use of the CWP, so following WRPSR with three NOPs would 
be the safest course. 

2. If a WRPSR instruction is updating the PSR's processor interrupt level (PIL) to a new 
value and is simultaneously setting enable traps (ET) to one, this could result in an inter­
rupt trap at a level equal to the old PIL value. 

3. If any of the three instructions after a WRPSR instruction reads the modified PSR, the 
value read is unpredictable. 

4. If any of the three instructions after a WRPSR is trapped, a subsequent RDPSR in the trap 
handler will get the register's new value. 

Programming note: Two WRPSR instructions should be used when enabling traps and 
changing the PIL value. The fIrst WRPSR should specify ET=O with the new PIL value, and 
the second should specify ET=1 with the new PIL value. 

illegal_instruction 
privileged_instruction (if S=O) 

31 30 29 25 24 19 18 14 13 12 5 4 0 

11 01 ignored I 110001 I rsl I i=O I ignored I rs2 I 
31 30 29 25 24 19 18 14 13 12 0 

11 01 ignored 1 
110001 

1 rsl 1 i=11 simm13 1 
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WRTBR Write Trap Base Register 

(Privileged Instruction) 

WRTBR 

Operation: TBR - r[rsl] XOR (r[rs2] or sign extnd(simm13» 

Assembler 
Syntax: wr regrsi, reg_or _imm, %tbr 

Description: WRTBR does a bitwise logical XOR ofthe contents of registerr[ rs 1] with either the contents 
of r[rs2] (if bit field i=O) or the 13-bit sign-extended immediate value contained in the in­
struction (if bit field i= 1). The result is written into the trap base address field of the TBR. 

Traps: 

Format: 

WRTBR is a delayed-write instruction: 

1. If any of the three instructions following a WRTBR causes a trap, the TBA used may be 
either the old or the new value. 

2. If any of the three instructions after a WRTBR is trapped, a subsequent RDTBR in the trap 
handler will get the register's new TBA value. 

privileged_instruction (if S=O) 

31 30 29 2S 24 19 18 14 13 12 S 4 0 

11 01 ignored I 110011 I rsl I i=O I ignored I rs2 I 
31 30 29 2S 24 19 18 14 13 12 0 

11 01 ignored 1 
110011 

1 rsl 1 i=11 simm13 1 
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WRWIM Write Window Invalid Mask register 

(Privileged Instruction) 

WRWIM 

Operation: WIM - r[rsl] XOR (r[rs2] or sign extnd(simm13)) 

Assembler 
Syntax: wr regrsl, reg_or _imm, %wim 

Description: WRWIM does a bitwise logical XOR ofthe contents of registerr[ rs 1] with either the contents 
of r[rs2] (if bit field i=O) or the 13-bit, sign-extended immediate value contained in the in­
struction (if bit field i=I). The result is written into the writable bits of the WlM register. 

Traps: 

Format: 

WRWIM is a delayed-write instruction: 

1. If any of the three instructions following a WRWIM is a SAVE, RESTORE, or RETT, the 
occurrence of window_overflow and window_underflow is unpredictable. 

2. If any of the three instructions after a WRWlM instruction reads the modified WlM, the 
value read is unpredictable. 

3. If any of the three instructions after a WRWIM is trapped, a subsequent RDWIM in the 
trap handler will get the register's new value. 

privileged_instruction (if S=O) 

31 30 29 25 24 19 18 14 13 12 5 4 0 

11 01 ignored I 110010 I rsl I i=O I ignored I rs2 I 
31 30 29 25 24 19 18 14 13 12 o 

11 01 ignored 110010 rsl I i=11 simm13 

12-142 



S SPARe Instruction Set 
TECHNOLOGY, ====================== 
WRY Write Y register WRY 

Operation: Y - r[rs1] XOR (r[rs2] or sign extnd(simm13» 

Assembler 
Syntax: wr regrsl, reg_or _imm, %y 

Description: WRY does a bitwise logical XOR of the contents of register r[rs 1] with either the contents of 
r[rs2] (if bit field i=O) or the 13-bit, sign-extended immediate value contained in the instruc­
tion (if bit field i=1). The result is written into the Y register. 

Traps: 

Format: 

WRY is a delayed-write instruction: 

1. If any of the three instructions following a WRY is a MULScc or a RDY, the value of Y 
used is unpredictable. 

2. If any of the three instructions after a WRY instruction reads the modified Y register, the 
value read is unpredictable. 

3. If any of the three instructions after a WRY is trapped, a subsequent RDY in the trap han­
dler will get the register's new value. 

none 

31 30 29 25 24 19 18 14 13 12 5 4 0 

11 01 ignored I 110000 I rs1 I i=O I ignored I rs2 I 
31 30 29 25 24 19 18 14 13 12 0 

11 01 ignored 1 
110000 

1 rs1 1 i=ll simm13 I 
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XNOR Exclusive-Nor XNOR 

Operation: r[rd] - r[rsl] XOR not(r[rs2] or sign extnd(simmI3» 

Assembler 
Syntax: xnor regrsl, reg_or _imm, regrd 

Description: This instruction does a bitwise logical XOR of the contents of register r[ rs 1] with the one's 
complement of either the contents of r[ rs2] (if bit field i=O) or the 13-bit sign-extended im­
mediate value contained in the instruction (if bit field i=I). The result is stored in register 
r[rd]. 

Traps: none 

Format: 

31 30 29 25 24 19 18 14 13 12 5 4 0 

11 0 I rd I 000111 I rsl I i=O I ignored I rs2 I 
31 30 29 25 24 19 18 14 13 12 0 

11 01 rd 
1 

000111 
1 

rsl 1 i=11 simm13 I 
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XNORcc Exclusive-Nor and modify icc 

Operation: r[rd) - r[rsI) XOR not(r[rs2) or sign extnd(simm13)) 

n - r[rd)<3I> 

z - if r[rd) =0 then 1, else 0 

v - 0 
c- 0 

Assembler 
Syntax: xnorcc regrsl, reg_or _imm, regrd 

XNORcc 

Description: This instruction does a bitwise logical XOR of the contents of register r[rsI) with the one's 
complement of either the contents of r[rs2) (if bit field i=O) or the 13-bit, sign-extended im­
mediate value contained in the instruction (if bit field i= 1). The result is stored in register 
r[rd). XNORcc also modifies all the integer condition codes in the manner described above. 

Traps: none 

Format: 

31 30 29 25 24 19 18 14 13 12 5 4 0 

11 0 I rd I 010111 I rsl I i=O! ignored ! rs2 ! 

31 30 29 25 24 19 18 14 13 12 0 

11 0 I rd I 010111 I rsl li=d simm13 I 
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XOR Exclusive-Or XOR 

Operation: r[rd) - r[rsl) XOR (r[rs2) or sign extnd(simm13)) 

Assembler 
Syntax: xor regrsl, reg_or _imm, regrd 

Description: This instruction does a bitwise logical XOR of the contents of register r[rs 1) with either the 
contents of r[rs2) (if bit field i=O) or the 13-bit, sign-extended immediate value contained in 
the instruction (if bit field i=l). The result is stored in register r[rd). 

Traps: none 

Format: 

31 30 29 25 24 19 18 14 13 12 5 4 0 

11 0 I rd 1000011 I rs1 I i=O I ignored I rs2 I 
31 30 29 25 24 19 18 14 13 12 0 

11 0 I rd I 000011 I rs1 I i=rj simm13 I 

12-146 



TEe H N 0 LOG Y, ,$ ===============:;;:S:;;:P:;;:1\:;;:R:;;:C=Ill:;;:s:;;:tr:;;:u:;;:c:;;:ti:;;:o:;;:ll:;;:S:;;:et:;;: 

XORcc Exclusive-Or and modify icc 

Operation: r[rd] - r[rsl] XOR (r[rs2] or sign extnd(simm13» 

n - r[rd]<31> 

Assembler 

z - ifr[rd] =0 then 1, else 0 

v-O 

c- 0 

Syntax: xorcc regrsl, reg_or _imm, regrd 

XORcc 

Description: This instruction does a bitwise logical XOR of the contents of register r[rsl] with either the 
contents ofr[rs2] (if bit field i=O) or the 13-bit, sign-extended immediate value contained in 
the instruction (if bit field i= 1). The result is stored inregisterr[ rd]. XORcc also modifies all 
the integer condition codes in the manner described above. 

Traps: none 

Format: 

31 30 29 25 24 19 18 14 13 12 5 4 0 

11 0 I rd 1010011 rsl I i=ol ignored I rs2 I 

31 30 29 25 24 19 18 14 13 12 o 

11 01 rd I 010011 I rsl b=11 simm13 
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hyperSPARC Software Notes 

The hyperSPARC architecture incorporates a number of features which compiler writers and/or assembly 
language programmers concerned with time critical systems such as operating systems or real-time applica­
tions can use to improve the instruction throughput. In this section, we discuss these features and also point 
out pitfalls and code sequences which should be avoided if feasible. 

A.I Reset Considerations 

A reset trap can be caused by an initial system power-on. Also, it could be caused by a watchdog reset or 
software reset. A reset causes various status registers to be initialized to known values. This is done to sup­
port post-mortem analysis when system problems arise. 

During a power-on reset when boot software begins execution through the reset trap handler, there are cer­
tain status register fields which should be initialized by software in order to support initial debugging and 
eliminate potential problems. 

When reset occurs, the S bit is set and the enable trap (ET) bit is cleared automatically by the hardware. How­
ever, the enable floating-point (EF), processor interrupt level (PIL), previous supervisor (PS), and CWP 
(Current Window Pointer) fields are not initialized. Furthermore, the writeable window invalid mask 
(WIM) bits are not initialized and trap base register (TBR) (which includes the trap base address or TBA 
field) is not initialized. At power-on, these register fields take on unpredictable values. Therefore, the boot 
program should initialize these critical fields after a power-on reset. 

EF - Initial debugging or diagnostic analysis is best accomplished by focusing on one section of hardware 
at a time. It is therefore recommended that the PSR's EF bit be cleared initially until the appropriate time 
to begin testing and/or executing fp instructions. 

CWP- The CWP should be set to a known value (e.g., 0) so that the WIM can be correctly initialized and 
unanticipated window overflows and underflows can be avoided. 

PIL - If interrupts are to be masked, the PIL should be set to the highest value (15 decimal) before traps 
are enabled (ET = 1). Likewise, a suggested method for modifying interrupt levels is to do so within a trap 
handler while traps are disabled. 

WIM - The WIM is initialized through software, not hardware. If the WIM bits are not cleared initially, 
random bits could be set which can cause an unexpected window overflow (or underflow) trap at the execu­
tion of the first save (or restore) instruction. Typically, if the CWP is set to "n," then bit «n+ 1) mod 8) in 
the WIM should be set. This reserves a register window for trap handling when window overflows or under­
flows occur. 

TBR - The TBR is initially undefined. Reset causes instructions to be fetched beginning at virtual address 
O. It is assumed that the trap table is initially loaded at virtual location O. Once traps have been enabled, if 
a trap occurs and the TBA field has not either been written to zero, or written to the address page value at 
which a new trap table has been installed, it is likely that the processor will enter error mode since it will 
not vector to the actual trap table, but rather it will vector to some random location in memory. 
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Y - The Y register is initially undefined. It must be initialized before it is used. 

ICCR - The instruction cache control register (ICCR) is initialized by hardware. 

FSR - The only field initialized during reset is the qne bit which is cleared as a result of clearing the entries 
in the FPQ. The floating-point unit status register (FSR) can only be initialized if the EF bit of the PSR is 
set. The programmer should at least initialize the rounding direction (RD), trap enable mask (TEM), and 
non-standard floating-point (NS) fields to appropriate values before attempting to execute fp instructions. 

A.I.I Miscellaneous Notes 

If there are fpops executing in the floating-point unit (FPU) and the FPU is disabled (via a WRPSR instruc­
tion which sets the EF bit in the PSR to zero) the behavior is undefined. Software should ensure that the 
queue is empty and all fp exceptions have been serviced before disabling the FPU. 

When writing to a special register (e.g., PSR, WIM, TBR, Y, ... ), for the three subsequent instructions, DO 
NOT use any fields which are being modified. 

Here is a sample of a bad code sequence ... 

wr CONST, %psr 
add %iO, %10, %00 /* if CWP modified - problems ... */ 
bg label /* if cc modified - problems ... */ 
ta %gO + %gO /* if traps disabled - problems ... */ 
wr %10, % Y udiv reads incorrect value of Y 

Here is a sample of an acceptable code sequence ... 

wr CONST, %psr 
add %g2, %g3, %gl /* if CWP modified - no problems ... */ 
ba label /* if cc modified - no problems ... */ 
nop 

As mentioned in the previous section regarding power-on reset, it is best not to change interrupt levels except 
while traps are disabled. If traps are enabled and the PIL is modified, an interrupt can occur before the PIL 
modifications take effect and an interrupt intended to be masked can occur anyway. 

When using Flush in a hyperSPARC uniprocessor system, there are no problems disabling the flush traps. 
Since there is only one instruction cache, flushing self-modifying code sequences from the on-chip instruc­
tion cache can be accomplished directly through the Flush instruction. 

In a symmetric mUltiprocessing system running shared self-modifying code between processors, it can be 
difficult to distinguish which processors' on-chip instruction cache(s) needs to have its sub-block flushed. 
It is recommended that the flush trap disabled (FTD) bit be cleared in these environments. When the Flush 
instruction is attempted an unimplemented flush trap will occur. The unimplemented flush trap handler can 
be used to determine which processors' instruction cache(s) need flushing. These appropriate flushes will 
be performed through software. 

A.2 Compiler Optimization Notes 

A.2.1 Software pipelining: 

Software pipelining means ordering instructions to increase performance, which is measured in terms of 
instructions executed in a fixed number of cycles. By observing some guidelines for instruction ordering, 
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execution speed can be greatly improved. These guidelines make use of special characteristics of the hyper­
SPARC architectural features as well as specific features tailored to the SPARC instruction set. These guide­
lines are: 

Sequences to promote: 

• Attempt to reorder instruction sequences so as to interleave ALU and Load/Store instructions (i.e., reor­
der resource dependencies). However, constant generation, array indexing, and ALUcc/Bicc sequences 
do not need interleaving since they are handled through the Fast Constant/Fast Index/Fast Branch features 

• Try to interleave unrelated integer and fp instructions. 

Sequences to avoid: 

• any data dependency where a Load or atomic Load/Store, or an fp instruction is followed within three 
instructions by a dependent operation. 

• a store instruction followed immediately by a Load, Store, or JMPL instruction. 

• fp code sequences that involve an FDIV or FSQRT which is followed by more than 4 additional fp instruc­
tions. This does not include independent fp Loads, fp Stores, and fp Branches. Avoid a double precision 
multiplication followed by another multiplication. 

• group F instructions except when necessary (Refer to Section 2.4.1.4). 

A.2.2 Loop Unrolling: 

Certain loops execute a fixed number of iterations and loop unrolling is used to reduce the number of times 
the conditional test and Branch instructions (present at the beginning or end of each iteration) are executed. 
It also increases the pipeline efficiency since control transfer now takes place after a larger number of in­
structions. However, the unrolled loop occupies a larger code space increasing the potential for cache misses 
and consequently, idle cycles. However, since most of the loops are quite small in size, if the cache is large 
enough, loop unrolling can be profitably employed to increase the execution speed. The hyperSPARC CPU 
has a large on-chip instruction cache of 8-Kbytes which facilitates loop unrolling. The loop executes from 
the instruction cache and, for most loops, will have a considerable speed-up in execution time. 

A.2.3 Inter-procedure Optimizations: 

Since the SPARC Architecture specifies a large number of overlapping register windows to support parame­
ter passing for procedure calls, today's SPARC compilers do not usually make an effort to optimize register 
usage between procedure calls. Instead, a CALL or JMPL followed by a SA VB is used to enter the procedure. 
There are no problems as long as the nested procedure calls are not very deep. If the nested calls extend deep­
er, a window overflow occurs. Furthermore, additional nesting suffers window overflow handling as lower 
level procedures are called. The penalty doubles as the lower level procedures are exited and window under­
flow exceptions occur on the path upward through the calling procedure. 

Today's structured design and programming styles advocate modularization. Software modules are ex­
pected to implement minimal data exchange and functional strength (i.e., each procedure or module is dedi­
cated to computing a single specific result). This is usually achievable by passing a small number of parame­
ters between procedures. Because of the generic approach used to make procedure calls in SPARC systems, 
many registers in the register file are unused, and therefore wasted. 

However, many RISC microprocessors do not employ overlapping register windows. These processors suf­
fer greatly when register states must be saved through expensive memory accesses. Therefore, compilers 
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which generate code for these machines optimize register usage between procedure calls, to minimize un­
necessary register saves between procedure calls. 

Therefore, the underflow/overflow trap overhead can be reduced by using smart register allocation algo­
rithms for procedures which pass and use only small numbers of variables and eliminating unnecessary save 
and restore invocations. 

A.2.3.1 Profile Tracing for Branch Prediction: 

When the hyperSPARC CPU encounters a Branch instruction, it assumes that the branch is taken and starts 
fetching along the new instruction stream. Compilers for the hyperSPARC CPU should attempt to take ad­
vantage of this feature by providing trace scheduling facilities. 

These trace scheduling facilities should allow execution of profile traces for programs and representative 
data such that reordering and modification of instruction branches are biased towards branch taken. 

A.2.4 Operating Systems Notes 

A.2.4.1 Context Switching and Machine State Saves: 

Context switches and machine state saves should be conducted using store double and load double instruc­
tions to as great an extent as possible. hyperSPARC allows the programmer to move twice the data in the 
same amount of time using doubleword instructions rather than word size instructions. 
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Address Translation Cache (ATC): The ATC is a cache of address translation entries used by a Memory 
Management Unit (MMU) to translate virtual addresses to physical addresses. The CY7C604/605 
uses an ATC for address translation, but the more familiar term translation lookaside buffer (TLB) 
is used throughout the text. 

Aliasing: Mapping two or more virtual addresses to the same physical address. SPARC software conven­
tions permit the use of aliases in address spaces that are modulo with respect to the system's underlying 
cache size. 

Annul bit: This bit is used in the SPARC architecture to allow the designer or compiler to decide whether 
or not the delay slot instruction of a delay control transfer instruction will be executed if the condition­
al branch is taken. See Section 2.3.3.4 for further information. 

Cache controller: Provides cache memory access control for a 64-Kbyte direct-mapped virtual cache. 

Cache lock: A mechanism that allows the system to lock all entries in the cache, supported by the 
CY7C604. This feature allows deterministic response times for real-time systems. 

Content addressable memory (CAM): A memory that is accessed by supplying the value to be compared 
to the memory contents. When accessed, the CAM returns the location of the memory where the value 
is stored, or returns a no-match signal if the memory does not contain the value. In the case of the 
CY7C604/605 MMU, the value returned by the CAM array is used to address a value in the TLB RAM 
array, which in tum provides the physical translation value to be used by the MMU. 

Copy-back mode: A style of cache management in which write accesses are written to the cache only, not 
to main memory. 

Current window: The block of 24 r-registers pointed to by the current window pointer. 

Current window pointer (CWP): Selects the current register window. 

Delay instruction: The instruction immediately following a control transfer instruction. This instruction 
is always fetched, and is either executed or annulled before the control transfer takes place. 

Double-precision floating point: A data type consisting of 64 bits. 

Doubleword: A data type consisting of two 32-bit words used as a single 64-bit operand. A doubleword 
is always aligned with the most significant word at an even word boundary (bits 2-0 equal to zero). 
The subsequent least significant word is on an odd word boundary (bit 2 equal to one, bits 1-0 equal 
to zero). 
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Extended-precision floating point: A data type consisting of 128 bits. 

I-register: One of the FPV's 32 working registers. 

Floating-point unit (FPV): The coprocessor that performs floating-point calculations. 

Floating-point operate (FPop) instruction: Instructions that perform floating-point calculations. This 
category does not include loads and stores between the memory and the FPV. 

Floating-point queue (FQ): A three-deep storage area for FPop instructions and their addresses while they 
are being executed in the FPV. Floating-point exception traps occur sometime after the floating-point 
instruction is issued, asynchronously to the integer unit (IV) and its pipeline. The queue supplies in­
struction/address pair information to the IV for the FPop that caused the exception. 

Frame pointer: The pointer to the beginning of a memory stack. The frame pointer is often specific to 
a window, and is set from the stack pointer of the previous window. 

Global registers: A block of eight registers within the register file that are always available to the IV regard­
less of the value of the CWP. 

Halfword: A data type consisting of 16 bits. 

Integer unit (IV): The main computing engine. It fetches all instructions and executes all but the FPop 
and CPop instructions. 

MBus: The interface between a SPARC processing module and the memory subsystem. 

Load/Store: The class of instructions that are either Load or Store instructions. 

Load-Store: The class of instructions that are atomic (indivisible or locked) Load THEN Store. These 
instructions are typically used for the manipulation of multiprocessor semaphores or any other process 
where interruption during the process of loading a variable and storing a new value for that variable 
could be disastrous. The SPARC Load-Store instructions are: SWAP, SWAPA, LDSTVB, and 
LDSTVBA. 

Next program counter (nPC): Contains the address of the next instruction to be executed, assuming no 
trap occurs. 

Processor state register (PSR): The IV's status register. 

Program counter: Contains the address of the current instruction being executed by the IV. 

r-register: A global register or a register in the current window of the register file. 

Register window: A group of 24 working registers from the set of window r-registers (128 window regis­
ters or eight windows are available on the CY7C601161I ). Register windows overlap by eight regis­
ters, causing three types of window registers: ins, outs, and locals. Ins are the window registers that 
were the outs for the previous window. Locals are specific to the register window, and are not shared. 
See Section 2.2 for further information. 
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rd, rsl, and rs2: Instruction format fields which specify the register operands of an instruction. rd is the 

destination register and rsl and rs2 are the source registers. 

RISC: An acronym that stands for Reduced Instruction Set Computer. 

r[rd], r[rsl], and r[rs2]: The actual r-registers specified by rd, rsl, and rs2. 

Page table entry (PTE): An address mapping for a single 4-Kbyte page, a 256-Kbyte region, a 16-Mbyte 
region, or a 4-Gbyte region. 

Page table pointer (PTP): The address pointer used to identify the beginning of a page table in memory. 

Page table pointer cache (PTPC): The cache of page table pointers stored by the CY7C604/605 in order 
to minimize the levels of table walks required for a TLB miss. See Section 4.1 for further details. 

SPARC: An acronym that stands for Scalable Processor ARChitecture. 

Stack pointer: The pointer to the next address in memory that registers are temporarily stored, typically 
in response to a procedure call or trap routine. 

Table walk: The process of accessing levels of tables in memory to find a page table entry for a particular 
virtual address. Each level of the table either has a pointer to the next level of table, or has the page 
table entry. Upon finding a page table entry, the table walk is terminated by the MMU. 

Test Access Port (TAP): The boundary scan test feature implemented on hyperSPARC. 

Translation lookaside buffer (TLB): Acts as a cache for address mapping entries used by the MMU to 
map a virtual address to a physical address. 

Virtual cache: Refers to the direct addressing of the cache by the integer unit using the virtual address bus. 

Word: A data type consisting of 32 bits. 

Write-through mode: A style of cache management that causes write accesses to the cache to be written 
through to main memory upon each write access. 

G-3 
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A 

ADD, 12-8 

ADDcc,12-9 

address space identifier (ASI) 
CY7C601l611, 6-7 
CY7C604/605 signal, 8-65 
CY7C611,6-52 
register mapping 

CY7C604/605, 8-55-8-56 
RT625,4-46-4-47 

RT620, IMASI, 3-31 
SPARC architecture values, 2-25 

ADDX,12-1O 

ADDXcc, 12-11 

AND, 12-12 

ANDcc, 12-13 

ANDN,12-14 

ANDNcc, 12-15 

annul bit, 2-21, 2-28, 2-33 

assembly language, description, 12-1-12-8 

asynchronous fault address register (SFAR) 
CY7C604/605, 8-47 
RT625,4-42 

asynchronous fault status register (AFSR) 
CY7C604/605, 8-47 
RT625,4-42 

Atomic Load-Store. See Load-Store 

B 

BHOLD, 6-8, 6-30, 7-25 

Bicc, 2-28-2-30, 2-33, 12-16 

big-endian, 2-14, 2-16 

Block Copy, RT625, 4-43 

Block Fill, RT625, 4-43 

1-1 

c 
cache byte write enables, RT625, 4-36 

cache controller 
cache flushing, 4-34, 8-38 
cacheable/non-cacheable, 4-34, 8-39 
control signals, 4-31-4-34, 8-35-8-37 
CY7C604 

aliasing, 8-20-8-22 
cache locking, 8-22 
cache tag, 8-19 

CY7C605 
aliasing, 8-35 
bus snooping, 8-34 
cache state transitions, 8-26-8-34 
cache tag 

MPTAG, 8-24-8-25 
PVTAG,8-24 

multiprocessing support, 8-25-8-26 
LDST cycles, 4-35, 8-40 
MC (MBus cacheable bit), 4-35, 8-39 
modes 

copy-back with write allocate, 4-19, 8-18 
RT625 cache modes, 4-18 
write-through with no write allocate, 4-19, 8-18 

read buffer, 4-33, 8-38 
RT625,4-19-4-34 

aliasing, 4-31-4-32 
bus snooping, 4-31 
cache state transitions, 4-23-4-31 
cache tag, 4-2-4-7, 4-20 
multiprocessing support, 4-22-4-23 
signals, 4-31-4-32 

write buffer, 4-32, 8-37 

cache data forwarding, RT625, 4-37 

CALL, 2-7, 2-20, 2-24, 2-28, 2-32, 12-18 

CBccc, 2-28, 2-29, 2-33, 12-19 

CEXC,6-12 

CHOLD, 6-12, 6-49 

context register (CXR) 
CY7C604/605, 8-44 
RT625,4-39 

context table pointer register (CTPR) 
CY7C604/605, 8-44 
RT625,4-39 
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coprocessor interface, 6-49 

CPop, 2-37-2-38, 6-29, 12-21 

current window pointer (CWP), 2-4-2-5, 2-10, 2-30 

D 
data access PTP (DPTP) 

CY7C604/605, 8-45 
RT625,4-40 

delayed control transfer, 2-32 
instruction couples, 2-34 

diagnostics 
CY7C604/605 

cache data entries, 8-53 
cache tag entries, 8-53 
TLB entries, 8-52 

RT625 
cache tag entries, 4-45 
CDU cache data entries, 4-45 
TLB entries, 4-44 

E 
ERROR 

CY7C6011611 
ERROR signal, 6-14 
timing example, 6-40-6-41 

RT620 
mode, 3-79, 3-100-3-102 
PERROR, 3-32 
state, 3-6 

signal, 8-65 

F 
f-registers, 2-7,7-14 

floating-point 
condition codes, 6-13 
coprocessor instruction flush, 6-14 
CY7C602 

BHOLD signal, 7-12 
CHOLD signal, 7-12 

1-2 

denorrnalized numbers, 7-21 
exception cases, 7-21 
exception handling, 7-20 
FHOLD signal, 7-13 
FLUSH, 7-10 
FNULL,7-13 
FP queue, 7-10 
FSR,7-15 
IU-FPU interface, 7-4 
MHOLD signal, 7-12 
queue, 7-15 

double-precision, 2-18 
exception, 6-13 
exception acknowledge, 6-14 
extended-precision, 2-19 
hold,6-13 
instruction in buffer, 6-13 
quad-precision, 2-19 
RT620, 3-15-3-24 

denorrnalized numbers, 3-23, 3-84 
double-precision, 3-23 
execution units, 3-23 
non-standard mode, 3-23 

RT620 FPU 
error mode, 3-101 
fp instr. pipeline, 3-75 
non-standard mode, 3-24 
queue, 3-17 
reset, 3-10 1 
traps, 3-82-3-101 

single-precision, 2-18 
status register (FSR), 2-12-2-14 
unit present, 6-14 

flush 
instruction, 2-38, 6-14, 12-61 
RT620, 3-29-3-31 

FLUSH, 6-14 

FMOVs, 12-44 

FMULd, 12-46 

FMULs, 12-48, 12-53 

FNEGs, 12-49 

FNULL,8-65 

FP Queue, 7-15 

FPop, 2-37, 6-29 

FqTOd, 12-50 
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FqTOi, 12-51 

FqTOs, 12-52 

frame pointer, 2-4, 0-2 

FsMULd, 12-53 

FSQRTd, 12-54 

FSQRTs, 12-56 

FSR,2-12-2-14 

FsTOd, 12-57 

FsTOi, 12-58 

FsTOq, 12-59 

FSUBd, 12-60 

FSUBq, 12-61 

FSUBs, 12-62 

FXACK, 6-14, 6-39 

H 
hardware interlocks 

CY7C601l611, 6-20 
RT620, 3-11-3-14 

I 
index tag register (ITR) 

CY7C604/605, 8-45 
RT625,4-40 

instructions 
ADD,12-8 
ADDcc, 12-9 
ADDX, 12-10 
ADDXcc, 12-11 
AND, 12-12 
ANDcc, 12-13 
ANDN,12-14 
ANDNcc, 12-15 
arithmeticllogical/shift, 2-27 
atomic load-store, 2-26 
Bicc, 2-28-2-30, 2-33, 12-16 
CALL, 2-7, 2-20, 2-24, 2-28, 2-32, 12-18 
CBccc, 2-28, 2-29, 2-33, 12-19 

1-3 

control transfer, 2-28 
delay, 2-33 
delayed control transfer, 2-32 
formats, 2-20 
FABSs, 12-22 
FADDd, 12-23 
FADDq, 12-24 
FADDs, 12-25 
FBfcc, 2-28, 2-29, 2-33, 12-26 
FCMP, 2-29, 7-10 
FCMPd, 12-28 
FCMPEd, 12-29 
FCMPEq, 12-30 
FCMPEs, 12-31 
FCMPq, 12-32 
FCMPs, 12-33 
FDIVd, 12-34 
FDIVq, 12-35 
FDIVs, 12-36 
FdTOi, 12-38 
FdTOq, 12-39 
FdTOs, 12-40 
FEXC, 6-13, 6-39 
FHOLD,6-13 
FINS1, FINS 2 signal, 7-8 
FiTOd, 12-41 
FiTOq, 12-42 
FiTOs, 12-43 
FsMULd, 12-53 
JMPL, 2-4, 2-7, 2-28, 2-30, 2-34,12-63 
LD,12-64 
LDA, 12-65 
LDC, 12-66 
LDCSR, 12-67 
LDD,12-68 
LDDA,12-69 
LDDC, 12-70 
LDDF, 12-71 
LDF, 12-72 
LDFSR, 12-73 
LDSB, 12-74 
LDSBA, 12-75 
LDSH, 12-76 
LDSHA, 12-77 
LDST 

CY7C604/605 operation, 8-40 
CY7C6011611 signal,6-9 
CY7C601/611 timing example, 6-28 



instructions (continued) 
CY7C604/605 signal, 8-66 
RT620, timing example, 3-41, 3-48, 3-67 

LDSTUB, 2-26, 12-78 
LDSTUBA, 12-79 
LDUB,12-80 
LDUBA, 12-81 
LDUH,12-82 
LDUHA, 12-83 
load, 6-26 
load and store, 2-25 
mnemonics, 12-3 
multiprocessing, 2-26 
pipeline 

CY7C6011611,6-16-6-23 
RT620, 3-58-3-78 

MEXC,8-66 
MHOLD, 7-25, 8-66 
MULScc, 2-11, 12-84 
OR, 12-85 
ORcc,12-86 
ORN,12-87 
ORNcc, 12-88 
RDASR, 12-89 
RDPSR, 2-10, 2-37, 12-90 
RDTBR, 2-11,2-37, 12-91 
RDWIM, 2-10, 2-37,12-92 
RDY, 2-37, 12-93 
register differences, RT620/CY7C601, 2-2 
RESTORE, 2-4, 2-5, 2-10, 2-28, 2-32, 12-94 
RETT, 2-2, 2-5, 2-10, 2-28, 2-30, 2-34, 2-55, 6-49, 

12-95 
SAVE, 2-4, 2-5, 2-10, 2-28, 2-32, 12-97 
SDIV,12-98 
SDIVcc, 12-99 
SETHI, 2-20, 2-28, 12-100 
SLL, 12-101 
SMUL, 12-102 
SMULcc, 12-103 
SNULL,8-66 
SRA,12-104 
SRL,12-105 
ST, 12-106 
STA,12-107 
STB, 12-108 
STBA, 12-109 
STC, 12-110 
STCSR, 12-111 

1-4 

STD,12-112 
STDA, 12-113 
STDC, 12-114 
STDCQ,12-115 
STDF, 12-116 
STDFQ,12-117 
STF, 12-118 
STFSR,2-29, 12-119 
STH,12-120 
STHA, 12-121 
store, 6-27 
SUB, 12-122 
SUBcc, 12-123 
SUBX,12-124 
SUBXcc, 12-125 
SWAP, 2-26, 12-126 
SWAPA,12-127 
TADDcc, 2-28, 12-128 
TADDccTV, 2-28, 12-129 
Ticc, 2-11, 2-28, 2-30, 12-130 
TSUBcc,2-28, 12-132 
TSUBccTV, 2-28, 12-133 
types, 2-25-2-38 
UDIV, 12-135 
UDIVcc, 12-135 
UMUL, 12-136 
UMULcc, 12-137 
UNIMP,2-38, 12-138 
WRASR, 12-139 
WRPSR, 2-10, 2-29, 2-37, 12-140 
WRTBR, 2-11, 2-37, 12-141 
WRWIM, 2-10, 2-37, 12-142 
WRY, 2-37, 12-143 
XNOR, 12-144 
XNORcc, 12-145 
XOR,12-146 
XORcc, 12-147 

instruction access PTP register (lPTP) 
CY7C604/605, 8-45 
RT625,4-40 

instruction cache (RT620), 3-25-3-30 

integer condition codes (icc), 2-8 

integer unit control/status registers, 2-7-2-13 
lCACHE control register (lCCR), 2-11 
PSR,2-8-2-10 
TBR,2-1O 
WIM,2-1O 
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Y register, 2-11 

INULL,8-65 

J 
JMPL, 2-4, 2-7, 2-28, 12-63 

JMPL, RETT, 2-30, 2-34, 12-95, 

JMPL-RETT instruction pair, 2-2 

L 
LD,12-64 

LDA,12-65 

LDC, 12-66 

LDCSR, 12-67 

LDD, 12-68 

LDDA, 12-69 

LDDC, 12-70 

LDDF,12-71 

LDF, 12-72 

LDFSR, 12-73 

LDSB, 12-74 

LDSBA, 12-75 

LDSH,12-76 

LDSHA, 12-77 

LDSTUB, 2-26, 12-78 

LDSTUBA, 12-79 

LDUB,12-80 

LDUBA, 12-81 

LDUH,12-82 

LDUHA, 12-83 

Load-Store (LDST) 
CY7C604/605 operation, 8-40 
CY7C6011611 signal, 6-9 
CY7C6011611 timing example, 6-28 

1-5 

CY7C604/605 signal, 8-66 

M 
MBus 

burst transactions, 11-11 
data cycle(s), 11-10-11-11 
Levell, 11-1-11-2 
Level 2, 11-2 
MAD bus, 8-67 
MAS signal, 8-68 
MBB signal, 8-68 
MBG signal, 8-68 
MBR signal, 8-68 
MERR signal, 8-68 
MIH signal, 8-68 
MRDY signal, 8-69 
MRST signal, 8-69 
MRTY signal, 8-69 
MSH signal, 8-69 
non-burst transactions, 11-11 
Relinquish and Retry, 11-12 
Retry, 11-12 
signal summary, 11-3-11-10, 11-11-11-23 
transactions 

Coherent Invalidate, 11-15-11-17 
Coherent Read, 11-14-11-17 
Coherent Read and Invalidate, 11-16-11-17 
Coherent Write and Invalidate, 11-17-11-19 
write, 11-13-11-14 

memory data strobe (MDS), 8-66 

memory management unit (MMU) 
CY7C604/605, 8-3 
flush, 8-16-8-17 
invalidate, 4-17-4-18 
operation modes, 4-16-4-18, 8-15-8-17 
probe, 4-18, 8-17 
RT625,4-4 

memory stack, 2-4 

MEXC, 8-66 

MHOLD, 7-25, 8-66 

MULScc, 2-11, 12-84 

multi chip configuration, CY7C604/605, 8-48-8-52 
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o 
OR, 12-85 

ORcc,12-86 

ORN,12-87 

ORNcc, 12-88 

p 

page table entry (PTE), 4-4, 4-5, 4-12-4-13,8-3,8-4, 
8-11-8-12 

page table pointer (PTP), 4-11-4-12, 8-10-8-11 

page table pointer cache (PTPC), 4-13,8-12 

pinouts, RT625, 4-56 

power-on reset (POR), 8-69 

processor interrupt level (PIL), 2-9 

processor state register (PSR), 2-8-2-10 

program counter(s), 2-8 
delayed control transfer, 2-33 

R 
r-register 

ins, 2-32-2-33 
locals, 2-32-2-33 
outs, 2-32-2-33 
r[0],2-27 
RT620, 2-3-2-7 
special r-registers, 2-6-2-7 

RDASR, 12-89 

RDPSR, 2-10, 2-37, 12-90 

RDTBR, 2-11, 2-37, 12-91 

RDWJM, 2-10, 2-37, 12-92 

RDY, 2-37, 12-93 

register differences, RT620/CY7C601, 2-2 

registers 
CY7C604/605 

CY7C604 system control register, 8-41-8-42 

1-6 

CY7C605 system control register, 8-42 
asynchronous fault address (AFAR), 8-47 
asynchronous fault status (AFSR), 8-47 
context register (CXR), 8-44 
context table pointer (CTPR), 8-44 
data access PTP (DPTP), 8-45 
index tag register (ITR), 8-45 
instruction access PTP (1PTP), 8-45 
reset register (RR), 8-44 
root pointer register (RPR), 8-45 
synchronous fault address (SFAR), 8-47 
synchronous fault status (SFSR), 8-46 
'ILB replacement control (TRCR), 8-46 

RT625 
asynchronous fault address (AFAR), 4-42 
asynchronous fault status (AFSR), 4-42 
context register (CXR), 4-39 
context table pointer (CTPR), 4-39 
data access PTP (DPTP), 4-40 
index tag register (ITR), 4-40 
instruction access PTP (IPTP), 4-40 
reset register (RR), 4-39 
root pointer register (RPR), 4-39 
synchronous fault address (SFAR), 4-42 
synchronous fault status (SFSR), 4-41 
system control register, 4-37-4-38 
'ILB replacement control (TRCR), 4-40 

reset 
CY7C6011611 

RESET signal, 6-15 
state, 6-42 

CY7C604/605, 8-54-8-98 
in multichip configuration, 8-55-8-98 
power-on (POR), 8-54-8-98 
power-on (RSTIN), 4-45-4-84 
software external (SER), 8-55-8-98 
software internal (SIR), 8-54-8-98 
watchdog (WDR), 8-54-8-98 

RT620, 3-78, 3-100-3-102 
PRST signal, 3-32 
state, 3-6-3-7 
timing example, 3-53 

RT625, 4-45-4-84 
software internal (SIR), 4-46-4-84 
watchdog (WDR), 4-46-4-84 

reset register (RR) 
CY7C604/605, 8-44 
RT625,4-39 
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RESTORE, 2-4, 2-5, 2-10, 2-28, 2-32, 12-94 

RETT, 2-2, 2-5, 2-10, 2-28, 2-55, 6-49, 12-95 

root pointer register (RPR) 
CY7C604/605, 8-45 
RT625,4-39 

s 
SAVE, 2-4, 2-5, 2-10, 2-28, 2-32, 12-97 

SDIV,12··98 

SDIVcc, 12-99 

SETHI, 2-20, 2-28, 12-100 

SLL, 12-101 

SMUL, 12-102 

SMULcc, 12-103 

SNULL,8-66 

SPARC registers 
features, 2-2-2-15 
r-registers, 2-3-2-7 
special registers, 2-6 

SRA,12-104 

SRL, 12-105 

ST, 12-106 

STA, 12-107 

stack pointer, 2-4, G-3 

STBA, 12-109 

STC, 12-110 

STCSR, 12-111 

STD, 12-112 

STDA, 12-113 

STDC, 12-114 

STDCQ, 12-115 

STDF, 12-116 

STDFQ,12-117 

STF, 12-118 

STFSR, 2-29,12-119 

1-7 

STH, 12-120 

STHA, 12-121 

SUB, 12-122 

SUBcc, 12-123 

SUBX, 12-124 

SUBXcc, 12-125 

supervisor 
CY7C601l611, reset, 6-40 
RT620 

ICACHE privilege match, 3-25-3-27 
reset, 3-78 
trap operation, 3-79 

mode, 2-2 

SWAP, 2-26, 12-126 

SWAPA, 12-127 

synchronous fault address register (SFAR) 
CY7C604/605, 8-47 
RT625,4-42 

synchronous fault status register (SFSR) 
CY7C604/605, 8-46 
RT625,4-41 

synchronous faults 
CY7C604/605, 8-56-8-64 
RT625, 4-48-4-56 

cases, 4-51-4-56 

system control register (SCR) 
CY7C605, 8-42-8-44 
RT625, 4-37-4-38, 8-41-8-42 

T 
table walk, 4-8-4-11, 8-9-8-10 

TADDcc, 2-28, 12-128 

TADDccTV,2-28, 12-129 

tagged arithmetic, 2-28 

tagged data, 2-15, 2-28 

TBR, 2-7, 2-10, 2-30, 2-54, 6-47 

Ticc, 2-11, 2-28, 2-30, 12-130 

Test Access Port (TAP) 
supporting signals, 4-61 
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Test Access Port (TAP) (continued) 
MBus SCAN Test Feature, 10-3 

TLB replacement control register (TRCR) 
CY7C604/605, 8-46 
RT625,4-39 

translation lookaside buffer (TLB) 
CY7C604/605, 8-4 
entries, 4-8, 4-44, 8-7, 8-52 
locking, 4-8, 8-7 
look-up, 4-7, 8-6 
sections, 4-4 
table walk, 4-8-4-11, 8-9-8-10 

trap 
addressing, 2-54, 6-47 
CY7C601l611, 6-42-6-49 

asynchronous, 6-42 
interrupts, 6-45-6-46 
priority, 6-48 
reset, 6-42 
synchronous, 6-42, 6-43-6-44 
timing example, 6-22 

CY7C602, floating-point, 7-20, 7-21 
floating-point, 3-83-3-102 

FP/CP, 2-53, 6-46 
IEEE exceptions, 7-21 
interrupts, 2-53, 6-39 
operation, 2-54, 6-47 
RT620,3-77-3-102 
types, 2-54 

trap base register (TBR), 2-7, 2-10, 2-30, 2-54, 6-47 

TSUBcc, 2-28, 12-132 

TSUBccTV, 2-28, 12-132 

u 
UDIV, 12-134 

1-8 

UDIVcc, 12-135 

UMUL, 12-136 

UMULcc, 12-137 

UNIMP, 2-38, 12-138 

user, mode, 2-2 

w 
window invalid mask (WIM), 2-4, 2-5, 2-7, 2-10, 2-32 

window overflow and underflow, 2-4 
see also window invalid mask (WIM) 

WRASR, 12-139 

WRPSR, 2-10, 2-29, 2-37, 12-140 

WRTBR, 2-11, 2-37, 12-141 

WRWIM, 2-10, 2-37, 12-142 

WRY, 2-37, 12-143 

x 
XNOR, 12-144 

XNORcc, 12-145 

XOR,12-146 

XORcc, 12-147 

y 

Y register, 2-11 
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