































































































































































































intel® CORE INSTRUCTIONS

5.1 LOAD INTEGER

Id.x isrc1(isrc2), idest (Load Integer)
idest < mem.x (isrc1 + isrc2)

X = .b (8 bits), .s (16 bits), or .l (32 bits)

The load integer instruction transfers an 8-, 16-, or 32-bit value from memory to the
integer registers. The isrcl can be either a 16-bit immediate address offset or an index
register. Loads of 8- or 16-bit values from memory place them in the low-order bits of
the destination registers and sign-extend them to 32-bit values in the destination
registers.

Traps

If the operand is misaligned, a data-access trap results.
Programming Notes

For best performance, observe the following guidelines:

1. The destination of a load should not be referenced as a source operand by the next
instruction.

2. A load instruction should not directly follow a store that is expected to hit in the
data cache.

Even though immediate address offsets are limited to 16 bits, loads using a 32-bit ad-
dress offset may be implemented by the following sequence (r31 is recommended for all
such addressing calculations):

orh  HIGHlba, r@, r3i1
1d.1 LOU1b(r31), Iidest

Note that the i860 microprocessor uses signed addition when it adds LOW16 to r31. If
bit 15 of LOW16 is set, this has the effect of subtracting from r31. Therefore, when bit
15 of LOW16 is set, HIGH16a must be derived by adding one to the high-order 16 bits,
so that the net result is correct.

The assembler must align the immediate address offsets used in loads to the same

boundary as the effective address, because the lower bits of the immediate offset are
used to encode operand length information.
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5.2 STORE INTEGER

st.x isrc1ni, #const (isrc2) (Store Integer)
mem.x (isrc2 + #const) < isrc1ni

X = .b (8 bits), .s (16 bits), or .l (32 bits)

The store instruction transfers an 8-, 16-, or 32-bit value from the integer registers to
memory. Stores do not allow an index register in the effective-address calculation, be-
cause isrclni is used to specify the register to be stored. The #const is a signed, 16-bit,
immediate address offset. An absolute address may be formed by using the zero register
for isrc2. Stores of 8- or 16-bit values store the low-order 8 or 16 bits of the register.

Traps
If the operand is misaligned, a data-access trap results.
Programming Notes

For best performance, a load instruction should not directly follow a store that is ex-
pected to hit in the data cache.

Even though immediate address offsets are limited to 16 bits, a store using a 32-bit
immediate address offset may be implemented by the following sequence (r31 is recom-
mended for all such addressing calculations):

orh HIGH1bka, r@, r31
st.1 isrcIni, LOU1b(r31)

Note that the i860 microprocessor uses signed addition when it adds LOW16 to r31. If
bit 15 of LOWI16 is set, this has the effect of subtracting from r31. Therefore, when bit
15 of LOW16 is set, HIGH16a must be derived by adding one to the high-order 16 bits,
so that the net result is correct.

The assembler must align the immediate address offsets used in stores to the same

boundary as the effective address, because the lower bits of the immediate offset are
used to encode operand length information.
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5.3 TRANSFER INTEGER TO F-P REGISTER

ixfr isrc1ni, fdest (Transfer Integer to F-P Register)

fdest < isrc1ni

The ixfr instruction transfers a 32-bit value from an integer register to a floating-point
register.

Programming Notes

For best performance, the destination of an ixfr should not be referenced as a source
operand in the next two instructions.
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5.4 LOAD FLOATING-POINT

Floating-Point Load
fid.y isrc1(isrc2), fdest (Normal)
fld.y isrc1(isrc2) + +, fdest (Autoincrement)

fdest < mem.y (isrc1 + isrc2)
IF autoincrement
THEN isrc2 < isrc1 + isrc2

Fl
Pipelined Floating-Point Load
pfld.z isrc1(isrc2), fdest (Normal)
pfld.z isrc1(isrc2) + +, fdest (Autoincrement)

fdest < mem.z (third previous pfld’'s (isrc1 + isrc2))
(where .z is precision of third previous pfld.z)

IF autoincrement

THEN Jisrc2 « isrc1 + isrc2

Fl

.y = .1 (32 bits), .d (64 bits), or .q (128 bits); .z = .l or .d

Floating-point loads transfer 32-, 64-, or 128-bit values from memory to the floating-
point registers. These may be floating-point values or integers. An autoincrement option
supports constant-stride vector addressing. If this option is specified, the i860 micropro-
cessor stores the effective address into isrc2.

Floating-point loads may be either pipelined or not. The load pipeline has three stages.
A pfld returns the data from the address calculated by the third previous pfld, thereby
allowing three loads to be outstanding on the external bus. When the data is already in
the cache, both pipelined and nonpipelined forms of the load instruction read the data
from the cache. The pipelined pfld instruction, however, does not place the data in the
data cache on a cache miss. A pfld should be used only when the data is expected to be
used once in the near future. Data that is expected to be used several times before being
replaced in the cache should be loaded with the nonpipelined fld instruction. The fid
instruction does not advance the load pipeline and does not interact with outstanding
pfid instructions.

Traps

If the operand is misaligned, a data-access trap results. No trap occurs when the data
loaded is not a valid floating-point number.

Programming Notes
A pfld cannot load a 128-bit operand.

For the autoincrementing form of the instruction, the register coded as isrc must not be
the same register as isrc2.
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For best performance, observe the following guidelines:

1. The destination of a fld or pfid should not be referenced as a source operand in the
next two instructions.

2. A fld instruction should not directly follow a store instruction that is expected to hit
in the data cache. There is no performance impact for a pfld following a store
instruction.

3. A string of successive pfld instructions causes internal delays due the fact that the
bandwith of the i860 microprocessor bus is one transfer per two cycles.

The assembler must align the immediate address offsets used in loads to the same
boundary as the effective address, because the lower bits of the immediate offset are
used to encode operand length information.
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5.5 STORE FLOATING-POINT

Floating-Point Store
fst.y fdest, isrci(isrc2) (Normal)
fst.y fdest, isrc1(isrc2) + + (Autoincrement)

mem.y (isrc2 + isrc1) « fdest
IF autoincrement

THEN isrc2 « isrc1 + isrc2
F

.y = .1 (32 bits), .d (64 bits), or .q (128 bits)
Floating-point stores transfer 32-, 64-, or 128-bit values from the floating-point registers
to memory. These may be floating-point values or integers. Floating-point stores allow
isrcl to be used as an index register. An autoincrement option supports constant-stride
vector addressing. If this option is specified, the i860 microprocessor stores the effective
address into isrc2.
Traps
If the operand is misaligned, a data-access trap results.

Programming Notes

For the autoincrementing form of the instruction, the register coded as isrc must not be
the same register as isrc2.

For best performance, observe the following guidelines:
1. A fld instruction should not directly follow a store instruction that is expected to hit -
in the data cache. There is no performance impact for a pfld following a store

instruction.

2. The fdest of an fsty instruction should not reference the destination of the next
instruction if that instruction is a pipelined floating-point operation.

The assembler must align the immediate address offsets used in stores to the same

boundary as the effective address, because the lower bits of the immediate offset are
used to encode operand length information.
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5.6 PIXEL STORE

Pixel Store
pst.d fdest, #const (isrc2) (Normal)
pst.d fdest, #const (isrc2)+ + (Autoincrement)

Pixels enabled by PM in mem.d (isrc2 + #const) < fdest
Shift PM right by 8/pixel size (in bytes) bits

IF autoincrement

THEN isrc2 < #const + isrc2

FI

The pixel store instruction selectively updates the pixels in a 64-bit memory location. The
pixel size is determined by the PS field in the psr. The pixels to be updated are selected
by the low-order bits of the PM field in the psr. Each bit of PM corresponds to one pixel,
with bit 0 corresponding to the pixel at the lowest address.

This instruction is typically used in conjunction with the fzchks or fzchkl instructions to
implement Z-buffer hidden-surface elimination. When used this way, a pixel is updated
only when it represents a point that is closer to the viewer than the closest point painted

so far at that particular pixel location. Refer to Chapter 6 for more about fzchks and
fzchkl.

Traps

If the operand is misaligned, a data-access trap results.
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5.7 INTEGER ADD AND SUBTRACT

addu isrc1, isrc2, idest (Add unsigned)

idest « isrc1 + isrc2
OF <« bit 31 carry
CC « bit 31 carry

adds isrc1, isrc2, idest (Add signed)

idest < isrc1 + isrc2
OF « (bit 31 carry 2 bit 30 carry)
Using signed comparison,
CC set if isrc2 < comp?2 (isrc1)
CC clear if isrc2 = comp2 (isrc1)

subu isrc1, isrc2, idest (Subtract unsigned)

idest « isrc1 — isrc2

OF « NOT (bit 31 carry)

CC « bit 31 carry
(i.e., using unsigned comparison,
CC set if isrc2 < isrct
CC clear if isrc2 > isrct)

subs isrc1, isrc2, idest (Subtract signed)
idest « isrc1 — isrc2
OF < (bit 31 carry 2 bit 30 carry)
Using signed comparison,
CC set if isrc2 > isrct
CC clear if isrc2 < isrc1

In addition to their normal arithmetic functions, the add and subtract instructions are
also used to implement comparisons. For this use, r0 is specified as the destination, so
that the result is effectively discarded. Equal and not-equal comparisons are imple-
mented with the xor instruction (refer to the section on logical instructions).

Add and subtract ordinal (unsigned) can be used to implement multiple-precision
arithmetic.

Flags Affected
CC and OF as defined above.

Programming Notes

For optimum performance, a conditional branch should not directly follow an add or
subtract instruction.

Refer to Chapter 9 for an example of how to handle the sign of 8- and 16-bit integers
when manipulating them with 32-bit instructions.

An instruction of the form subs -1, isrc2, idest yields the one’s complement of isrc2.

When isrcl is immediate, the immediate value is sign-extended to 32-bits even for the
unsigned instructions addu and subu.
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These instructions enable convenient encoding of a literal operand in a subtraction,
regardless of whether the literal is the subtrahend or the minuend. For example:

Calculation Encoding
. 6= 2-r5 . subs 2, 15, r6
Signed 6 = 15-2 adds -2, 15, 16
. r6=2-r5 subu 2, 15, ré
Unsigned r6=r5-2 addu -2, 15, ré

Note that the only difference between the signed and the unsigned forms is in the setting
of the condition code CC and the overflow flag OF.

The various forms of comparison between variables and constants can be encoded as
follows:

Branch When True
Condition Encoding
Signed Unsigned

subs const, var bnc

var =< const subu const, var be
adds -const, var be

var < const addu -const, var* bnc
adds -const, var bne

var z const addu -const, var* be
subs const, var bc

var > const subu const, var bnec

* Valid only when const > 0
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5.8 SHIFT INSTRUCTIONS

shl isrc1, isrc2, idest (Shift left)
idest « isrc2 shifted left by isrc1 bits
shr jsrc1, isrc2, idest (Shift right)

SC (in psr) < isrc1
idest « isrc2 shifted right by isrc1 bits

shra isrc1, isrc2, idest (Shift right arithmetic)
idest < isrc2 arithmetically shifted right by isrc1 bits
shrd isrc1ni, isrc2, idest (Shift right double)

idest < low-order 32 bits of isrc1ni.isrc2 shifted right by SC bits

The arithmetic shift does not change the sign bit; rather, it propagates the sign bit to the
right isrcl bits.

Shift counts are taken modulo 32. A shrd right-shifts a 64-bit value with isrc being the
high-order 32 bits and isrc2 the low-order 32 bits. The shift count for shrd is taken from
the shift count of the last shr instruction, which is saved in the SC ficld of the psr.
Shift-left is identical for integers and ordinals.

Programming Notes
The shift instructions are recommended for the integer register-to-register move and for

no-operations, because they do not affect the condition code. The following assembler
pseudo-operations utilize the shift instructions:

mov jsrc2, idest (Register-to-register move)

Assembler pseudo-operation, equivalent to:
shl r0, isrc2, idest

nop (Core no-operation)
Assembler pseudo-operation, equivalent to:
shl r0, r0, r0
fnop (Floating-point no-operation)

Assembler pseudo-operation, equivalent to:
shrd r0Q, r0, r0

Rotate is implemented by:

shr  COUNT, r@, r@ // Only loads COUNT into SC of PSR
shrd op, op, op // Uses SC for shift count
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5.9 SOFTWARE TRAPS

trap isrcini, isrc2, idest (Software trap)
Generate trap with IT set in psr
intovr (Software trap on integer overflow)

IF OF in epsr = 1
THEN generate trap with IT set in psr
Fl

These instructions generate the instruction trap, as described in Chapter 7.

The trap instruction can be used to implement supervisor calls and code breakpoints.
The idest should be zero, because its contents are undefined after the operation. The
isrclni and isrc2 fields can be used to encode the type of trap.

The intovr instruction generates an instruction trap if the OF bit (overflow flag) of epsr

is set. It is used to test for integer overflow after the instructions adds, addu, subs, and
subu.
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5.10 LOGICAL INSTRUCTIONS

and jsrc1, isrc2, idest (Logical AND)

idest « isrc1 AND isrc2
CC set if result is zero, cleared otherwise

andh #const, isrc2, idest (Logical AND high)

idest < (#const shifted left 16 bits) AND isrc2
CC set if result is zero, cleared otherwise

andnot isrct, isrc2, idest (Logical AND NOT)

idest < NOT isrc1 AND isrc2
CC set if result is zero, cleared otherwise

idest <— NOT (#const shifted left 16 bits) AND isrc2
CC set if result is zero, cleared otherwise

or isrci, isrc2, idest (Logical OR)

idest « isrc1 OR isrc2
CC set if result is zero, cleared otherwise

orh #const, isrc2, idest (Logical OR high)

idest < (#const shifted left 16 bits) OR isrc2
CC set if result is zero, cleared otherwise

xor isrc1, isrc2, idest (Logical XOR)

idest « isrc1 XOR isrc2
CC set if result is zero, cleared otherwise

xorh #const, isrc2, idest ’ (Logical XOR high)

idest < (#const shifted left 16 bits) XOR isrc2
CC set if result is zero, cleared otherwise

andnoth #const, isrc2, idest (Logical AND NOT high)

The operation is performed bitwise on all 32 bits of isrcI and isrc2. When isrcl is an

immediate constant, it is zero-extended to 32 bits.

The “H” variant signifies “high” and forms one operand by using the immediate con-
stant as the high-order 16 bits and zeros as the low-order 16 bits. The resulting 32-bit

value is then used to operate on the isrc2 operand.

Flags Affected

CC is set if the result is zero, cleared otherwise.

Programming Notes

Bit operations can be implemented using logical operations. Isrc] is an immediate con-
stant which contains a one in the bit position to be operated on and zeros elsewhere.
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Bit Operation

Equivalent Logical Operation

Set bit

Clear bit
Complement bit
Test bit

or
andnot

xor

and (CC set if bit is clear)
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5.11 CONTROL-TRANSFER INSTRUCTIONS

Control transfers can branch to any location within the address space. However, if a .
relative branch offset, when added to the address of the control-transfer instruction plus
four, produces an address that is beyond the 32-bit addressing range of the i860 micro-
processor, the results are undefined. ‘

Many of the control-transfer instructions are delayed transfers. They are delayed in the
sense that the i860 microprocessor executes one additional instruction following the
control-transfer instruction before actually transferring control. During the time used to
execute the additional instruction, the i860 microprocessor refills the instruction pipeline
by fetching instructions from the new instruction address. This avoids breaks in the
instruction execution pipeline. It is generally possible to find an appropriate instruction
to execute after the delayed control-transfer instruction even if it is merely the first
instruction of the procedure to which control is passed.

Programming Notes
The sequential instruction following a delayed control-transfer instruction may be nei-

ther another control-transfer instruction, nor a trap instruction, nor the target of a
control-transfer instruction.
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br /broff (Branch direct unconditionally)

Execute one more sequential instruction.
Continue execution at brx (lbroff).

be /broff (Branch on CC)
IF CC =1
THEN continue execution at brx(/broff)
Fl
be.t Ibroff (Branch on CC, taken)
IF CC =1

THEN execute one more sequential instruction
continue execution at brx(lbroff)
ELSE skip next sequential instruction

Fl
bnc /broff (Branch on not CC)
IF CC=0
THEN continue execution at brx(lbroff)
Fl
bne.t /broff (Branch on not CC, taken)
IF CC=0

THEN execute one more sequential instruction
continue execution at brx(/broff)

ELSE skip next sequential instruction

FI

bte isrcts, isrc2, sbroff (Branch if equal)

IF isrcls = isrc2
THEN continue execution at brx(sbroff)
Fl

btne isrc1s, isrc2, sbroff (Branch if not equal)

IF isrc1s 2 isrc2
THEN continue execution at brx(sbroff)
Fi

bla isrci1ni, isrc2, sbroff (Branch on LCC and add)

LCC_temp clear if isrc2 < comp2(isrc1ni) (signed)
LCC__temp set if isrc2 = comp2(isrc1ni) (signed)
isrc2 « isrc1ni + isrc2
Execute one more sequential instruction
IF LCC
THEN LCC « LCC_temp
continue execution at brx(sbroff)
ELSE LCC <« LCC_temp
Fl

The instructions be.t and bne.t are delayed forms of bec and bne. The delayed branch
instructions be.t and bne.t should be used when the branch is taken more frequently than
not; for example, at the end of a loop. The nondelayed branch instructions be, bnc, bte,
btne should be used when branch is taken less frequently than not; for example, in
certain search routines.

If a trap occurs on a bla instruction or the next instruction, LCC is not updated. The trap
handler resumes execution with the bla instruction, so the LCC setting is not lost.
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Programming Notes

The bla instruction is useful for implementing loop counters, where isrc2 is the loop
counter and isrcl is set to — 1. In such a loop implementation, a bla instruction may be
performed before the loop is entered to initialize the LCC bit of the psr. The target of
this bla should be the sequential instruction after the next, so that the next sequential
instruction is executed regardless of the setting of LCC. Another bla instruction placed
as the next to last instruction of the loop can test for loop completion and update the
loop counter. The total number of iterations is the value of isrc2 before the first bla
“instruction, plus one. Example 5-1 illustrates this use of bla.

Programmers should avoid calling subroutines from within a bla loop, because a subrou-
tine may also use bla and change the value of LCC,

For the bla instruction, the register coded as isrcI must not be the same register as isrc2.

// EXAMPLE OF bla USAGE

// Urite zeros to an array of 1b single-precision numbers
// Starting address of array is already in rY

adds -1, rg, rS // r5 <-- loop increment

or 15, rg, rb // rb <-- loop count

bla rs, rb, CLEAR_LOOP // One time to initialize LCC
addu -y, ry, r4 // Start one lower to

// allow for autoincrement
CLEAR_LOOP:
bla rs, rb, CLEAR_LOOP // Loop for the 1b times
fst.1 fo, Y(ry)++ // Write and autoincrement
// to next word

Example 5-1. Example of bla Usage
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call /broff (Subroutine call)

r1 « address of next sequential instruction + 4
Execute one more sequential instruction
Continue execution at brx(/broff)

calli [isrc1ni] (Indirect subroutine call)

r1 « address of next sequential instruction + 4

Execute one more sequential instruction

Continue execution at address in isrc1ni
(The original contents of isrc1niis used even if the next instruction
modifies isrc1ni. Does not trap if isrc1ni is misaligned.)

bri [isrc1ni] (Branch indirect unconditionally)

Execute one more sequential instruction
IF any trap bit in psr is set
THEN copy PU to U, PIM to IM in psr
clear trap bits
IF DS is set and DIM is reset
THEN enter dual-instruction mode after executing one
instruction in single-instruction mode
ELSE |IF DS is set and DIM is set
THEN enter single-instruction mode after executing one
instruction in dual-instruction mode
ELSE IF DIM is set
THEN enter dual-instruction mode
for next instruction pair
ELSE enter single-instruction mode
for next instruction pair
Fl
Fl
Fl
Fi
Continue execution at address in isrc1ni
(The original contents of isrc1niis used even if the next instruction
modifies isrc1ni. Does not trap if isrc1ni is misaligned.)

Return from a subroutine is implemented by branching to the return address with the
indirect branch instruction bri.

Indirect branches are also used to resume execution from a trap handler (refer to Chap-
ter 7). The need for this type of branch is indicated by set trap bits in the psr at the time
bri is executed. In this case, the instruction following the bri must be a load that restores
isrcIni to the value it had before the trap occurred.

Programming Notes

When using bri to return from a trap handler, programmers should take care to prevent
traps from occurring on that or on the next sequential instruction. IM should be zero
(interrupts disabled).

The register isrcini of the calli instruction must not be r1.
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5.12 CONTROL REGISTER ACCESS

Id.c csrc2, idest (Load from control register)
idest « csrc2
st.c isrc1ni, csrc2 (Store to control register)

csrc2 « isrc1ni

Csrc2 specifies a control register that is transferred to or from a general-purpose regis-
ter. The function of each control register is defined in Chapter 3. As shown below, some
registers or parts of registers are write-protected when the U-bit in the psr is set. A store
to those registers or bits is ignored when the i860 microprocessor is in user mode. The
encoding of csrc2 is defined by Table 5-1.

Programming Notes

Saving fir (the fault instruction register) anytime except the first time after a trap occurs
saves the address of the Id.c instruction.

After a scalar floating-point operation, a st.c to fsr should not change the value of RR,
RM, or FZ until the point at which result exceptions are reported. (Refer to Chapter 7
for more details.)

Only a trap handler should use the intruction st.c to set the trap bits (IT, IN, IAT, DAT,
FT) of the psr.

Table 5-1. Control Register Encoding for Assemblers

Register Src2 Code Wril:esgl:m:g:e &
fir (Fault Instruction) 0 N/A***
psr (Processor Status) 1 Yes*
dirbase (Directory Base) 2 Yes
db (Data Breakpoint) 3 Yes
fsr (Floating-Point Status) 4 No
epsr (Extended Process Status) 5 - Yes**

*  Only the psr bits BR,BW, PIM, IM, PU, U, IT, IN, IAT, DATA, FT, DS, DIM, and KNF are write-protected.

** The processor type, stepping number, and cache size cannot be changed from either user or
supervisor level.

*** The fir register cannot be written by the st.c instruction.
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5.13 CACHE FLUSH

(Cache flush)
flush #const(isrc2) (Normal)
flush #const(isrc2) + + (Autoincrement)

Replace the block in data cache that has address (#const + isrc2).
Contents of block undefined.

IF autoincrement

THEN isrc2 < #const + isrc2

Fl

The flush instruction is used to force modified data in the data cache to external mem-
ory. Because the register designated by idest is undefined after flush, assemblers should
encode idest as zero. The address #const + isrc2 must be aligned on a 16-byte boundary.
There are two 32-byte blocks in the cache which can be replaced by the address #const
+ isrc2. The particular block that is forced to memory is controlled by the RB field of
dirbase. In user mode, execution of flush is suppressed; use it only in supervisor mode.

Example 5-2 shows how to use the flush instruction. The addresses used by the flush
instruction refer to a reserved 4 Kbyte memory area that is not used to store data. This
ensures that, when flushing the cache before a task switch, cached data items from the
old task are not transferred to the new task. These addresses must be valid and writable
in both the old and the new task’s space. Any other usage of flush has undefined results.

Cache elements containing modified data are written back to memory by making two
passes, each of which references every 32nd byte of the reserved area with the flush
instruction. Before the first pass, the RC field in dirbase is set to two and RB is set to
zero. This causes data-cache misses to flush element zero of each set. Before the second
pass, RB is changed to one, causing element one of each set to be flushed.
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// CACHE FLUSH PROCEDURE
// Ru, Rx, Ry, Rz represent integer registers

// FLUSH_P_H is the high-order 1b bits of a pointer to reserved area
// FLUSH_P_L is the low-order 1k bits of the pointer, minus 32

RC <-- Bbl@ (assuming was 08)
Rx <=- =1 (loop increment)

Replace in block @
RB <-- @boi

Replace in block 1
Clear RC and RB

Rw <-- address minus 32

of flush area

Ry <-- loop count

Clear any pending bus writes
Wait until load finishes
One time to initialize LCC

Loop; execute next instruction

for 128 lines in cache block

Flush and autoincrement to next line
Return after next instruction

Load from flush area to clear pending
writes. A hit is guaranteed

1d.c dirbase, Rz
or B2x800, Rz, Rz 7/
adds -1 re, Rx //
call D_FLUSH
st.c Rz, dirbase //
or 2x998, Rz, Rz //
call D_FLUSH
st.c Rz, dirbase //
xor 0x900, Rz, Rz 7/
// Change DTB, ATE, or ITI fields here, if necessary
st.c Rz, dirbase
D_FLUSH:
orh FLUSH_P_H, r@, Rw //
or FLUSH_P_L, Rw, Rw 7/
or 127, re, Ry 7/
1d.1 32(Rw), r31 //
shl 8, r3l, r3t //
bla Rx, Ry, D_FLUSH_LOOP //
nop
D_FLUSH_LOOP:
bla Rx, Ry, D_FLUSH_LOOGP //
' //
flush  32(Rw)++ //
bri ri //
1d.1 =512(Rw), r@ 7/
: //

Example 5-2. Cache Flush Procedure

5-22




intel® CORE INSTRUCTIONS

5.14 BUS LOCK

lock (Begin interlocked sequence)

Set BL in dirbase. The next load or store that misses the cache
locks that location, preventing locked access to it by other processors.
External interrupts are disabled from the first
instruction after the lock until the location is unlocked

unlock (End interlocked sequence)

Clear BL in dirbase. The next load or store unlocks the location
(regardless of whether it hits in the cache). Interrupts are enabled.

These instructions allow programs running in either user or supervisor mode to perform
read-modify-write sequences in multiprocessor and multithread systems. The interlocked
sequence must not branch outside of the 30 sequential instructions following the lock
instruction. The sequence must be restartable from the lock instruction in case a trap
occurs. Simple read-modify-write sequences are automatically restartable. For sequences
with more than one store, the software must ensure that no traps occur after the first
non-reexecutable store. To ensure that no data access fault occurs, it must first store
unmodified values in the other store locations. To ensure that no instruction-access fault
-occurs, the code that is not restartable should not span a page boundary.

After a lock instruction, the location is not locked until the first data access that misses
the data cache. Software in a multiprocessing system should ensure that the first load
instruction after a lock references noncacheable memory.

If a trap occurs after a lock instruction but before the load or store that follows the
corresponding unlock, the processor clears BL and sets the IL (interlock) bit of epsr.
This is likely to happen, for example, during TLB miss processing, when the A-bit of the
page table entry is not set.

If the processor encounters another lock instruction before unlocking the bus or an
unlock with no preceeding lock, that instruction is ignored.

If, following a lock instruction, the processor does not encounter a load or store follow-
ing an unlock instruction by the time it has executed 30-33 instructions, it triggers an
instruction fault. In such a case, the trap handler will find both IL and IT set. The
instruction pointed to by fir may or may not have been executed.

When multiple memory locations are accessed during a locked sequence, only the first
location with a cache miss is guaranteed to be locked against access by other processors.

For high-performance multiprocessors, this allows a read-for-ownership policy, instead
of locking the system bus.

Between locked sequences, at least one cycle of LOCK# deactivation is guaranteed by
the behavior of unlock.
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Note that, for each shared data structure, software must establish a single location that is
the first location referenced by any locked sequence that requires that data. For exam-
ple, the head of a doubly linked list should be referenced before accessing items in the
middle of the list.

Example 5-3 shows how lock and unlock can be used in a variety of interlocked
operations.

Programming Notes

In a locked sequence, a transition to or from dual-instruction mode is not permitted.

// LOCKED TEST AND SET
// Value to put in semaphore is in r23

~

/ LODCKED LOAD-ALU-STORE

lock //
1d.b semaphore, r2e // Put current value of semaphore in rgé
unlock //
st.b re3, semaphore //

lock //

1d.1 word, r2e //

addu 1, red, rée // Can be any ALU operation
unlock

st.1 ree, word //

// LOCKED COMPARE AND SUWAP
// Swaps r23 with word in memory, if word = r2l

lock //

1d.1 word, ree //

bte ree, rel, L1 1/ .

mov reg, ré3 // Executed only if not equal
L1: unlock 7/

st.1 rg3, word //

Example 5-3. Examples of lock and unlock Usage

5-24



Floating-Point Instructions







CHAPTER 6
FLOATING-POINT INSTRUCTIONS

The floating-point section of the i860™ microprocessor comprises the floating-point reg-
isters and three processing units:

1. The floating-point multiplier
2, The floating-point adder
3. The graphics unit

This section of the 1860 microprocessor executes not only floating-point operations but
also 64-bit integer operations and graphics operations that utilize the 64-bit internal data
path of the floating-point section.

For register operands, the abbreviations that describe the operands are composed of two
parts. The first part describes the type of register:

f One of the floating-point registers: f0 through 31

i One of the integer registers: r0 through r31

The second part identifies the field of the machine instruction into which the aperand is
to be placed:

srcl The first of the two source-register designators.
src2 The second of the two source-register designators.
dest The destination register designator.

Thus, the operand specifier fsrc2, for example, means that a floating-point register is
used and that the encoding of that register must be placed in the src2 field of the
machine instruction.

6.1 PRECISION SPECIFICATION

Unless otherwise specified, floating-point operations accept single- or double-precision
source operands and produce a result of equal or greater precision. Both input operands
must have the same precision. The source and result precision are specified by a two-
letter suffix to the mnemonic of the operation, as shown in Table 6-1. In this manual, the
suffixes .p and .r refer to the precision specification. In an actual program, .p is to be
replaced by the precision specification .ss, .sd, or .dd (.ds not permitted). Likewise, .r is
to be replaced by the precision specification .ss, .sd, .ds, or .dd.
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Table 6-1. Precision Specification

Suffix Source Precision Result Precision
.8S single single
.sd single double
.dd double double
.ds double single

6.2 PIPELINED AND SCALAR OPERATIONS

The architecture of the floating-point unit uses parallelism to increase the rate at which
operations may be introduced into the unit. One type of parallelism used is called “pipe-
lining.” The pipelined architecture treats each operation as a series of more primitive
operations (called “stages™) that can be executed in parallel. Consider just the floating-
point adder unit as an example. Let A represent the operation of the adder. Let the
stages be represented by A;, A,, and A,. The stages are designed such that A;, ; for one
adder instruction can execute in parallel with A; for the next adder instruction. Further-
more, each A; can be executed in just one clock. The pipelining within the multiplier and
graphics units can be described similarly, except that the number of stages and the
number of clocks per stage may be different.

Figure 6-1 illustrates three-stage pipelining as found in the floating-point adder (also in
the floating-point multiplier when single-precision input operands are employed). The
columns of the figure represent the three stages of the pipeline. Each stage holds inter-
mediate results and also (when introduced into the first stage by software) holds status
information pertaining to those results. The figure assumes that the instruction stream
consists of a series of consecutive floating-point instructions, all of one type (i.e. all
adder instructions or all single-precision multiplier instructions). The instructions are
represented as i, i+1, etc. The rows of the figure represent the states of the unit at
successive clock cycles. Each time a pipelined operation is performed, the status of the
last stage becomes available in fsr, the result of the last stage of the pipeline is stored in
the destination register fdest, the pipeline is advanced one stage, and the input operands
fsrcl and fsrc2 are transferred to the first stage of the pipeline.

In the i860 microprocessor, the number of pipeline stages ranges from one to three. A
pipelined instruction with a three-stage pipeline writes to its fdest the result of the third
prior instruction. A pipelined instruction with a two-stage pipeline writes to its fdest the
result of the second prior operation. A pipelined operation with a one-stage pipeline
stores the result of the prior operation.-

There are four floating-point pipelines: one for the multiplier, one for the adder, one for
the graphics unit, and one for floating-point loads. The adder pipeline has three stages.
The number of stages in the multiplier pipeline depends on the precision of the source
operands in the pipeline: two stages for double precision or three stages for single pre-
cision. The graphics unit has one stage for all precisions. The load pipeline has three
stages for all precisions.
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Figure 6-1. Pipelined Instruction Execution
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Changing the FZ (flush zero), RM (rounding mode), or RR (result register) bits of fsr
while there are results in either the multiplier or adder pipeline produces effects that are
not defined.

6.2.1 Scalar Mode

In addition to the pipelined execution mode described above, the 1860 microprocessor
also can execute floating-point instructions in “scalar” mode. Most floating-point
instructions have both pipelined and scalar variants, distinguished by a bit in the instruc-
tion encoding. In scalar mode, the floating-point unit does not start a new operation
until the previous floating-point operation is completed. The scalar operation passes
through all stages of its pipeline before a new operation is introduced, and the result is
stored automatically. Scalar mode is used when the next operation depends on results
from the previous few floating-point operations (or when the compiler or programmer
does not want to deal with pipelining).

6.2.2 Pipelining Status Information

Result status information in the fsr consists of the AA, Al, AO, AU, and AE bits, in the
case of the adder, and the MA, MI, MO, and MU bits, in the case of the multiplier. This
information arrives at the fsr via the pipeline in one of two ways:

1. Tt is calculated by the last stage of the pipeline. This is the normal case.

2. It is propagated from the first stage of the pipeline. This method is used when
restoring the state of the pipeline after a preemption. When a store instruction
updates the fsr and the the U bit being written into the fsr is set, the store updates
result status bits in the first stage of both the adder and multiplier pipelines. When
software changes the result-status bits of the first stage of a particular unit (multi-
plier or adder), the updated result-status bits are propagated one stage for each
pipelined floating-point operation for that unit. In this case, each stage of the adder
and multiplier pipeiines holds its own copy of the relevant bits of the fsr. When they
reach the last stage, they override the normal result-status bits computed from the
last-stage result.

At the next floating-point instruction (or at certain core instructions), after the result
reaches the last stage, the i860 microprocessor traps if any of the status bits of the fsr
indicate exceptions. Note that the instruction that creates the exceptional condition is
not the instruction at which the trap occurs.

6.2.3 Precision in the Pipelines

In pipelined mode, when a floating-point operation is initiated, the result of an earlier
pipelined floating-point operation is returned. The result precision of the current in-
struction applies to the operation being initiated. The precision of the value stored in
fdest is that which was specified by the instruction that initiated that operation.
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If fdest is the same as fsrcl or fsrc2, the value being stored in fdest is used as the input
operand. In this case, the precision of fdest must be the same as the source precision.

The multiplier pipeline has two stages when the source operand is double-precision and
three stages when the precision of the source operand is single. This means that a
‘pipelined multiplier operation stores the result of the second previous multiplier opera-
tion for double-precision inputs and third previous for single-precision inputs (except
when mixing precisions). The two-stage pipeline executes at two clocks per stage; the
three-stage pipeline executes at one clock per stage.

6.2.4 Transition between Scalar and Pipelined Operations

When a scalar operation is executed in the adder, multiplier, or graphics unit, it passes
through all stages of the pipeline; therefore, any unstored results in the affected pipeline
are lost. To avoid losing information, the last pipelined operations before a scalar oper-
ation should be dummy pipelined operations that unload unstored results from the
affected pipeline.

After a scalar operation, the values of all pipeline stages of the affected unit (except the
last) are undefined. No spurious result-exception traps result when the undefined values
are subsequently stored by pipelined operations; however, the values should not be ref-
erenced as source operands.

Note that the pfld pipeline is not affected by scalar fid and Id instructions.

For best performance a scalar operation should not immediately precede a pipelined
operation whose fdest is nonzero.

6.3 MULTIPLIER INSTRUCTIONS

The multiplier unit of the floating-point section performs not only the standard floating-
point multiply operation but also provides reciprocal operations that can be used to
implement floating-point division and provides a special type of multiply that assists in
coding integer multiply sequences. The multiply instructions can be pipelined.

Programming Notes

Complications arise with sequences of pipelined multiplier operations with mixed single-
and double-precision inputs because the pipeline length is different for the two preci-
sions. The complications can be avoided by not mixing the two precisions; i.e., by flush-
ing out all single-precision operations with dummy single-precision operations before
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starting double-precision operations, and vice versa. For the adventuresome, the rules for
mixing precisions follow:

o Single to Double Transitions. When a pipelined multiplier operation with double-
precision inputs is executed and the previous multiplier operation was pipelined with
single-precision inputs, the third previous (last stage) result is stored, and the previ-
ous operation (first stage) is advanced to the second stage (now the last stage). The
second previous operation (old second stage) is discarded. The next pipelined multi-
plier operation stores the single-precision result.

e Double to Single Transitions. When a pipelined multiplier operation with single-
precision inputs is executed and the previous multiplier operation was pipelined with
double-precision inputs, the previous multiplier operation is advanced to the second
stage and a single- or double-precision zero is placed in the last stage of the pipeline.
The next pipelined multiplier operation stores zero instead of the result of the prior
operation, and the MRP bit of fsr for that next operation is undefined.
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6.3.1 Floating-Point Multiply

fmul.p fsrct, fsrc2, fdest
fdest « fsrc1 x fsrc2
pfmul.p fsrct, fsrc2, fdest

fdest < last stage multiplier result
Advance M pipeline one stage
M pipeline first stage « fsrc1 x fsrc2

pfmul3.dd fsrc1, fsrc2, fdest

fdest < last stage multiplier result
Advance 3-stage M pipeline one stage
M pipeline first stage < fsrc1 x fsrc2

(Floating-Point Multiply)

(Pipelined Floating-Point Multiply)

(Three-Stage Pipelined Multiply)

These instructions perform a standard multiply operation.

Programming Notes

Fsrcl must not be the same as fdest for pipelined operations. For best performance when
the prior operation is scalar, fsrcl should not be the same as the fdest of the prior

operation.

The pfmul3.dd instruction is intended primarily for use by exception handlers in restor-
ing pipeline contents (refer to “Pipeline Preemption” in Chapter 7). It should not be

mixed in instruction sequences with other pipelined multiplier instructions.
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6.3.2 Floating-Point Multiply Low

fmlow.dd fsrc1, fsrc2, fdest (Floating-Point Multiply Low)

fdest < low-order 53 bits of (fsrc? mantissa x fsrc2 mantissa)
fdest bit 53 < most significant bit of (fsrc1 mantissa x fsrc2 mantissa)

The fmlow instruction multiplies the low-order bits of its operands. It operates only on
double-precision operands. The high-order 10 bits of the result are undefined.

An fmlow can perform 32-bit integer multiplies. Two 64-bit values are formed, with the
integers in the low-order 32 bits. The low-order 32-bits of the result are the same as the
low-order 32 bits of an integer multiply. The fmlow instruction does not update the
result-status bits of fsr and does not cause source- or result-exception traps.

6-8



intel® FLOATING-POINT INSTRUCTIONS

6.3.3 Floating-Point Reciprocals

frep.p fsrc2, fdest (Floating-Point Reciprocal)
fdest < 1/ fsrc2 with absolute mantissa error < 27
frsqr.p fsrc2, fdest (Floating-Point Reciprocal Square Root)

fdest < 1 / \/{fsrc2) with absolute mantissa error < 27

The frep and frsqr instructions are intended to be used with algorithims such as the
Newton-Raphson approximation to compute divide and square root. Assemblers and
compilers must encode fsrcl as f0. A Newton-Raphson approximation may produce a
result that is different from the IEEE standard in the two least significant bits of the
mantissa. A library routine supplied by Intel may be used to calculate the correct IEEE-
standard rounded result.

Traps

The instructions frecp and frsqr cause the source-exception trap if fsrc2 is zero. An frsqr
causes the source-exception trap if fsre2 < 0.

6.4 ADDER INSTRUCTIONS

The adder unit of the floating-point section provides floating-point addition, subtraction,
and comparison, as well as conversion from floating-point to integer formats.

6-9



intel” FLOATING-POINT INSTRUCTIONS

6.4.1 Floating-Point Add and Subtract

fadd.p fsrc1, fsrc2, fdest (Floating-Point Add)
fdest < fsrc1 + fsrc2
pfadd.p fsrc1, fsrc2, fdest (Pipelined Floating-Point Add)

fdest < last stage adder result
Advance A pipeline one stage
A pipeline first stage « fsrc1 + fsrc2

fsub.p fsrc1, fsrc2, fdest (Floating-Point Subtract)
fdest < fsrc1 — fsrc2
pfsub.p fsrct, fsrc2, fdest (Pipelined Floating-Point Subtract)

fdest < last stage adder result
Advance A pipeline one stage
A pipeline first stage « fsrc1 — fsrc2

famov.r fsrc1, fdest (Floating-Point Adder Move)
fdest < fsrct
pfamov.r fsrc1, fdest (Pipelined Floating-Point Adder Move)

fdest < last stage adder result
Advance A pipeline one stage
A pipeline first stage <« fsrc1

These instructions perform standard addition and subtraction operations.

The famov and pfamov instructions send fsrcl through the floating-point adder, preserv-
ing the value of —0 (minus zero) when fsrcl is —0. (Note that (p)fadd.p fsrcl, 0, fdest
may round —0 to +0, depending on the RM bits of fsr.) The pfamov instruction is used
by the trap handler to restore pipeline states. Fsrc2 for (p)famov must be encoded as f0
by assemblers and compilers.

Programming Notes

In order to allow conversion from double precision to single precision, an famov or
pfamov instruction may have double-precision inputs and a single-precision output. In
assembly language, this conversion can be specified using the fmov or pfmov pseudo-
operation with the .ds suffix.

fmov.ds fsrc1, fdest (Convert Double to Single)
Equivalent to famov.ds fsrc1, fdest
pfmov.ds fsrc1, fdest (Pipelined Convert Double to Single)

Equivalent to pfamov.ds fsrc1, fdest
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Conversion from single to double is accomplished by famov.sd or pfamov.sd. In assembly
language, this conversion can be specified by the fmov or pfmov pseudo-operation with
the .sd suffix.

fmov.sd fsrc1, fdest (Convert Single to Double)
Equivalent to famov.sd fsrc1, fdest .
pfmov.sd fsrc1, fdest (Pipelined Convert Single to Double)

Equivalent to pfamov.sd fsrc1, fdest

6-11



intel” FLOATING-POINT INSTRUCTIONS

6.4.2 Floating-Point Compares

pfgt.p fsrci, fsrc2, fdest (Pipelined Floating-Point Greater-Than
Compare)

(Assembler clears R-bit of instruction)

fdest < last stage adder result

CC set if fsrc1 > fsrc2, else cleared

Advance A pipeline one stage

A pipeline first stage is undefined, but no resuit exception occurs

pfle.p fsrci, fsrc2, fdest (Pipelined F-P Less-Than or Equal
Compare)

(Identical to pfgt.p except that
assembler sets R-bit of instruction.)
fdest < last stage adder resuit
CC cleared if fsrc1 < fsrc2, else set
Advance A pipeline one stage
A pipeline first stage is undefined, but no result exception occurs

pfeq.p fsrci, fsrc2, fdest (Pipelined Floating-Point Equal
Compare)

fdest < last stage adder result

CC set if fsrc1 = fsre2, else cleared

Advance A pipeline one stage

A pipeline first stage is undefined, but no result exception occurs

There are no corresponding scalar versions of the floating-point compare instructions.
The pipelined instructions can be used either within a sequence of pipelined instructions
or within a sequence of nonpipelined (scalar) instructions.

pfgt.p should be used for A > Band A < B comparisons. pfle.p should be used for A =
B and A < B comparisons. pfeq.p should be used for A = B and A 2 B comparisons.

Traps

Compares never cause result exceptions when the result is stored. They do trap on
invalid input operands.

Programming Notes

The only difference between pfgt.p and pfle.p is the encoding of the R bit of the instruc-
tion and the way in which the trap handler treats unordered compares. The R bit nor-
mally indicates result precision, but in the case of these instructions it is not used for that
purpose. The trap handler can examine the R bit to help determine whether an unor-
dered compare should set or clear CC to conform with the IEEE standard for unordered
compares. For pfgt.p arnd pfeq.p, it should clear CC; for pfle.p, it should set CC.

For best performance, a bc or bnc instruction should not directly follow a pfgt or pfeq
instruction. Be sure, however, that intervening instructions do not change CC.
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6.4.3 Floating-Point to Integer Conversion

fix.p fsrc1, fdest (Floating-Point to Integer Conversion)
fdest «— 64-bit value with low-order 32 bits equal to integer part of fsrc1 rounded
pfix.p fsrc1, fdest (Pipelined Floating-Point to Integer

Conversion)

fdest < last stage adder result

Advance A pipeline one stage

A pipeline first stage « 64-bit value with low-order 32 bits
equal to integer part of fsrc1 rounded

ftrunc.p fsre1, fdest (Floating-Point to Integer Truncation)
fdest < 64-bit value with low-order 32 bits equal to integer part of fsrc1
pftrunc.p fsrc1, fdest (Pipelined Floating-Point to Integer

Truncation)

fdest < last stage adder result

Advance A pipeline one stage

A pipeline first stage < 64-bit value with low-order 32 bits
equal to integer part of fsrc1

The instructions fix, pfix, ftrunc, and pftrunc must specify double-precision results. The
low-order 32 bits of the result contain the integer part of fsrcl represented in twos-
complement form. For fix and pfix, the integer is selected according to the rounding
mode specified by RM in the fsr. The instructions ftrunc and pftrunc are identical to fix
and pfix, except that RM is not consulted; rounding is always toward zero. Assembler

and compilers should encode fsrc2 as f0.

Traps

The instructions fix, pfix, ftrunc, and pftrunc signal overflow if the integer part of fsrcl is
bigger than what can be represented as a 32-bit twos-complement integer. Underflow

and inexact are never signaled.
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6.5 DUAL OPERATION INSTRUCTIONS

pfam.p fsrci, fsrc2, fdest (Pipelined Floating-Point Add and
NMultiply,
fdest < last stage adder result
Advance A and M pipeline one stage (operands accessed before advancing pipeline)
A pipeline first stage < A-op1 + A-op2
M pipeline first stage < M-op1 x M-op2

pfsm.p fsrc1, fsrc2, fdest (Pipelined Floating-Point Subtract and
Multiply)

fdest < last stage adder result

Advance A and M pipeline one stage (operands accessed before advancing pipeline)
A pipeline first stage < A-op1 — A-op2

M pipeline first stage < M-op1 x M-op2

ptmam.p fsrci, fsrc2, fdest (Pipelined Floating-Point Multiply with
Add)

fdest < last stage muiltiplier result
Advance A and M pipeline one stage (operands accessed before advancing pipeline)
A pipeline first stage < A-op1 + A-op2
M pipeline first stage <— M-op1 x M-op2
pfmsm.p fsrc1, fsrc2, fdest (Pipelined Floating-Point Multiply with
Subtract)

fdest « last stage multiplier result

Advance A and M pipeline one stage (operands accessed before advancing pipeline)
A pipeline first stage < A-op1 — A-op2

M pipeline first stage <— M-op1 x M-op2

The instructions pfam, pfsm, pfmam, and pfmsm initiate both an adder (A-unit) opera-
tion and a multiplier (M-unit) operation. The source pre