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RECEIVE A FIRST ADDITION INSTRUCTION, THE FIRST
ADDITION INSTRUCTION INDICATINGA FIRST FLAG
710

}

RECEIVE A SECOND ADDITION INSTRUCTION, THE
SECOND ADDITION INSTRUCTION INDICATING A SECOND
FLAG
720

!}

EXECUTE THE FIRST ADDITION INSTRUCTION AND THE
SECOND ADDITION INSTRUCTION WITHOUT DATA
DEPENDENCY BETWEEN THE TWO INSTRUCTIONS

730

o

STORE A FIRST CARRY OUTPUT OF THE FIRST ADDITION
INSTRUCTION IN A FIRST FLAG OF A FLAGS REGISTER
WITHOUT MODIFYING A SECOND FLAG IN THE FLAGS

REGISTER
740

v

STORE A SECOND CARRY OUTPUT OF THE SECOND
ADDITION INSTRUCTION IN THE SECOND FLAG OF THE
FLAGS REGISTER WITHOUT MODIFYING THE FIRST FLAG
750

FIG. 7

have no data dependency between each other. A first addition instruc -
tion stores its carry output in a first flag of a flags register without
modifying a second flag in the flags register. A second addition in-
struction stores its carry output in the second flag of the flags register
without modifying the first flag in the flags register.
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ADDITION INSTRUCTIONS WITH INDEPENDENT CARRY CHAINS

FIELD OF THE INVENTION
Embodiments of the invention relate generally to computer processor architecture, and,

more specifically, to instructions which when executed cause a particular result.

DESCRIPTION OF THE RELATED ART

Addition instructions are commonly included in instruction set architectures (ISAs). A
large number of addition operations often arise in multiplications. For example, public key
cryptography typically involves long integer arithmetic that needs multi-precision
multiplication. These operations such as modular exponentiation are highly computationally
intensive and involve a large number of additions. A server that isresponsible for setting up
secure socket layer (SSL) transactions for an enterprise may receive alarge number of
connection requests from the enterprise clients in a short time span. Each transaction involves
cryptographic operations that include a large number of integer multiplications and additions.

Inefficient addition operations can slow down the overall performance.

BRIEF DESCRIPTION OF THE DRAWINGS

The present invention isillustrated by way of example, and not by way of limitation, in
the figures of the accompanying drawings in which like references indicate similar elements. It
should be noted that different references to "an" or "one" embodiment in this disclosure are not
necessarily to the same embodiment, and such references mean at least one. Further, when a
particular feature, structure, or characteristic is described in connection with an embodiment, it
is submitted that it is within the knowledge of one skilled in the art to effect such feature,
structure, or characteristic in connection with other embodiments whether or not explicitly
described.

Figure lisablock diagram of an example embodiment of a processor having an

instruction set including one or more addition instructions.

Figure 2 illustrates an example of amultiplication operation that includes addition

operations.
Figure 3 illustrates an example of sample code that includes addition instructions.

Figure 4 illustrates an embodiment of parallel execution of addition instructions.
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Figure 5isablock diagram of an example embodiment of an instruction processing
apparatus having an execution unit that is operable to execute instructions including an example

embodiment of addition instructions.
Figure 6 illustrates an embodiment of a flags register.

Figure 7 isaflow diagram illustrating example embodiments of a method for processing

addition instructions.

Figure 8 isablock diagram of a system in accordance with one embodiment of the

invention.

Figure 9 isablock diagram of a second system in accordance with an embodiment of

the invention.

Figure 10 isablock diagram of athird system in accordance with an embodiment of the

invention.

Figure11 isablock diagram of a system-on-a-chip (SoC) in accordance with an

embodiment of the invention.

Figure 12 isablock diagram of a single core processor and a multicore processor with

integrated memory controller and graphics according to embodiments of the invention.

Figure 13 isablock diagram contrasting the use of a software instruction converter to
convert binary instructions in a source instruction set to binary instructions in atarget instruction

set according to embodiments of the invention.

DETAILED DESCRIPTION

In the following description, numerous specific details are set forth. However, it is
understood that embodiments of the invention may be practiced without these specific details.
In other instances, well-known circuits, structures and techniques have not been shown in detail
in order not to obscure the understanding of this description.

In the following description, numerous specific details are set forth. However, it is
understood that embodiments of the invention may be practiced without these specific details.
In other instances, well-known circuits, structures and techniques have not been shown in detail
in order not to obscure the understanding of this description.

Embodiments of the invention provide a mechanism for efficiently adding long integers.
In particular, embodiments of the invention provide a mechanism for efficiently multiplying a

large number of long integers in parallel with addition operations.
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Figure lisablock diagram of an example embodiment of a processor 100. The
processor 100 may be any of various complex instruction set computing (CISC) processors,
various reduced instruction set computing (RISC) processors, various very long instruction word
(VLIW) processors, various hybrids thereof, or other types of processors entirely. In one or
more embodiments, the processor 100 may be a genera-purpose processor (e.g., a general-
purpose microprocessor of the type manufactured by Intel Corporation, of Santa Clara,
Cdlifornia), although this is not required. Alternatively, the instruction processing apparatus
may be a special-purpose processor. Examples of suitable special-purpose processors include,
but are not limited to, network processors, communications processors, cryptographic
processors, graphics processors, co-processors, embedded processors, digital signal processors
(DSPs), and controllers (e.g., microcontrollers), to namejust afew examples.

The processor 100 has an instruction set architecture (ISA) 101. The instruction set
architecture 101 represents the part of the architecture of the processor 100 related to
programming. The instruction set architecture 101 commonly includes the native instructions,
architectural registers, data types, addressing modes, memory architecture, interrupt and
exception handling, and external input and output (1/O) of the processor 100. The instruction set
architecture 101 isdistinguished from the microarchitecture, which generally represents the
particular processor design techniques selected to implement the instruction set architecture.
Processors with different microarchitectures may share acommon instruction set architecture.
For example, certain microprocessors by Intel Corporation, of Santa Clara, California, and
certain microprocessors of Advanced Micro Devices, Inc. of Sunnyvale, California, use
substantially different internal microarchitectures to implement similar portions of the x86
instruction set.

The ingtruction set architecture 101 includes architectural registers (e.g., an architectural
register file) 106. In one embodiment, the architectural registers 106 include general purpose
(GP) registers, flags registers, vector registers, write mask registers, scalar floating-point
registers, and other registers. The architectural registers 106 represent on-board processor
storage locations. The architectural registers 106 may aso be referred to herein simply as
registers. Unless otherwise specified or clearly apparent, the phrases architectural register,
register file, and register are used herein to refer to registers that are visible to the software
and/or programmer (e.g., software-visible) and/or the registers that are specified by
macroinstructions to identify operands. These registers 106 are contrasted to other non-
architectural registers in a given microarchitecture (e.g., temporary registers, reorder buffers,

retirement registers, etc.).
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The illustrated instruction set architecture 101 also includes an instruction set 102 that is
supported by the processor 100. Theinstruction set 102 includes several different types of
instructions. These instructions of the instruction set 102 represent macroinstructions (e.g.,
instructions provided to the processor 100 for execution), asopposed to microinstructions or
micro-ops (e.g., which result from a decoder 129 of the processor 100 decoding
macroinstructions).

In one embodiment, the instruction set 102 includes one or more addition instructions
103 (e.g., an ADCX instruction 104 and an ADOX instruction 105) that are operable to cause or
result in the processor 100 adding two operands (e.g., two quadwords (Qwords), two
doublewords (Dwords), or two operands of other data widths). The ADCX 104 and the ADOX
105 instructions use two independent carry chains and therefore can be executed in paralel or as
soon as their respective data inputs are available.

The processor 100 aso includes execution logic 109. The execution logic 109 is
operable to execute or process the instructions of the instruction set 102. The execution logic
109 may include execution units, functiona units, arithmetic logic units, logic units, arithmetic
units, etc. The processor 100 also includes a decoder 129 to decode macroinstructions into
microinstructions or micro-ops for execution by the execution logic 109.

To further explain embodiments of the addition instructions 103, it may be helpful to
consider an example scenario in which the additions are needed. Figure 2isadiagram
illustrating an example scenario of calculating the expression (§7:0J = A;x B[7:0] + 7: 0j),
where A, isaQword, and each B,and s, (n=0, 1, ...7) isalso aQword. Each Qword is 64 bits
wide. InFigure2, §7:0] on thetop (indicated as 230) isthe initia partia sum, and the §7;0]
on the bottom (indicated as 240) isthe resulting partial sum. For each multiply operation 210
(A;xB,,n=0, 1, ...7), aproduct of (64 x64) = 128 hits is generated. Each product is indicated
as (Hi, :Lo, ), shown as an entry in the diagona of the diagram, where Hi, is the high-order part
(i.e., the most significant half) and Lo, isthe low-order part (i.e., the least significant half). This
product can be added to a partial sum s, with minimal number of micro-operations (y.ops) and
latencies. One way of adding the product to the partial sum takes 2 addition operations, with
each addition operation using one independent carry chain:

S,=s. +Lo, (Equation 1),

S, = S, + Hi,, (Equation 2).

Assuming that §7:0] isinitialized to al zeros. Following the example addition
operation 220 indicated by the vertical dotted line shown in Figure 2, the addition operations are
equivalent to: ¥ =Sy + Lop. S, =S, + Lo, + /1i. S; =% + Lo, + Hi,, S3=S3+ L03 + Hi,, etc.
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In the example of Figure 2, o, ismultiplied with B,, n=0, 1, ... 7, where A; can be part
of afirst long integer A, and each of B, can be part of a second long integer B. The
multiplication usess,, n=0, 1, ...7, to store the partial sums. After the multiplication
operations of (aQx B,, N=0, 1, ...7), the computations can move ontoA/ X B,, A2x B,, and so
on, until all parts of the long integer A are processed. Each of the multiplication operations can
use S, to accumulate the partial sum. At the end, §7:0J 240 has the fina result.

Embodiments of the invention provide the addition instructions 103 that can be
performed efficiently. In particular, in a processor that have multiple arithmetic logic units
(ALUs), the additions in (Equation 1) and (Equation 2) can be performed by two different ALUs
in parallel, or as soon astheir respective data inputs (Lo, , Hi .;) are available. In one
embodiment, the addition in (Equation 1) can be performed by one of the ADCX 104/ADOX
105 instructions, and the addition in (Equation 2) can be performed by the other of the ADCX
104/ADOX 105 instructions.

In one embodiment, the ADCX 104 does not modify arithmetic flags other than the CF
(carry flag) and the ADOX 105 does not modify arithmetic flags other than the OF (overflow
flag). That is, the ADCX 104 reads and writes the CF flag only and leaves other flags
unchanged, and the ADOX 105 reads and writes the OF flag only and leaves other flags
unchanged. By limiting each addition instruction to access one flag only, two or more such
addition instructions (each accessing a different flag) can be defined and executed without any
data dependency. This isin contrast to existing addition instructions that overwrite multiple or
all of the arithmetic flags, and therefore cannot be executed independently of each other.

In an dternative embodiment, the ADCX 104 and the ADOX 105 use their respective
associated flags (i.e,, CF and OF, respectively) for carry input and carry output, and do not
modify each other's associated flag. However, ADCX 104 and ADOX 105 may also modify the
other arithmetic flags (e.g., SF, PF, AF, ZF, etc); e.g., by setting them to zero or another
predetermined value.

In one embodiment, embodiments of the addition instructions are defined as follows:

The ADCX 104

CF: regdst = regl + reg2 + CF; and

The ADOX 105:

OF: regdst =regl +reg2 + OF.

Although the flags CF and OF are described throughout the description, it should be
understood that any two different arithmetic flags in the flags register of a processor can be used

for the addition operations of (Equation 1) and (Equation 2). Further, as mentioned above, other
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addition instructions can aso be similarly defined using different arithmetic flags; e.g., an
ADAX instruction can be defined to read and write the AF flag only and leaves other flags
unchanged, an ADPF instruction can be defined to read and write the PF flag only and leaves
other flags unchanged, and the like. The data widths of regl, reg2 and regdst are the same and
can be any size. In some embodiments, the destination regdst can be the same asregl or reg2
(that is, the sum can overwrite one of the source registers).

Figure 3 is an example of sample code 300 that includes ADCX and ADOX (e.g., the
ADCX 104 and the ADOX 105 of Figure 1) in the multiplication of two long numbers Al O:N-
IJ x B[O:N-1J. Each of the A and B, (n=0,...., N-I) isaQword (athough adifferent data
width can be used). The sample code 300 breaks down the computation into a sequence of .f. x
B[O:N-1] (i = O,....N-1), such asthe diagonal sequence in the diagram of Figure2. The
computation can be grouped into a sequence of MULX, ADCX and ADOX. In one embodiment
where the data width is 64 bits, the MULX instruction is defined to perform unsigned
multiplication of a 64-bit number with another 64-bit number (stored in aRDX register that
served as an implicit operand), without affecting any arithmetic flags.

MULX: r64a, r64b, r/m64,
where r64a indicates a first 64-bit register that stores the most significant half of the
multiplication product, ré4b indicates a second 64-bit register that stores the least significant
half of the multiplication product, and r/m64 indicates a 64-bit register or memory location that
serves as an input to the multiplication. At the start of the sample code 300, it is assumed that
the 64-bit value A, is assigned to the RDX register and an XOR is performed to clear al of the
arithmetic flags. In one embodiment, each of rax, rbx and RDX is a 64-bit register, such asa
general-purpose register.

Using the example of Figure 2, the sample code 300 corresponds to the following
operations:

Hiy: Log = A;x By

CF: 3 =So+ Loo+ CF

OF :S-= S, + Hio+ OF

Hi, : Lo, =AxB,
CF:v,=v,+Lo, + CF
OF:S,=S,+Hi, + OF

Hiz: L02 :A[XBZ
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CF:85 =S8 +Lo,+CF
OF :S; =S, + Hi,y+ OF

Since ADCX and ADOX uses two different flags, they can be executed in parallel or as
soon as their respective data inputs are available. In some embodiments with 3 dispatch ports
(i.e., 3ALUSs), asingle pop MULX, asingle pop ADCX and asingle pop ADOX can achieve
maximum throughput of 1cycle per multiplication triplet (i.e., the triplet
MULT/ADCX/ADOX), given that the MULX, ADCX and ADOX are on different ALUs, al
with throughput of 1. In another embodiment, MULX takes 2 jiops and one pop each for the
ADCX and ADOX. Thus, at least 4 ALUs are needed to achieve the maximum throughput of 1
cycle per multiplication triplet, assuming all on different ALUs with athroughput of 1. The
MULX, ADCX and ADOX can work on machines with fewer ALUs, but max performance will
not be achieved.

Figure 4 isablock diagram illustrating an embodiment of parallel processing of the
multiplication triplet. The diagram showsthat during each cycle aMULT can start executing.
Asthe execution continues, in each cycle (e.g.. 1pop) anew MULT can start executing
simultaneously with apair of ADCX and ADOX (e.g., as shown in each of the cycles 3-6). In
particular, the ADCX and the ADOX can be processed during the same cycle in paralel. As
long as there are sufficient number of ALUSs to support the start of anew MULT at each cycle,
the length of MULT can take any number of cycles (e.g., one, two, or more) and the throughput
of one cycle per triplet can be achieved regardless of the length of the MULT operation.

The example of Figure 4 shows that the ADCX and ADOX are executed in parallel in
the same cycle. However, the two instructions can be executed at different cycles as soon as
their respective datainputs are available. Asthere is no data dependency (i.e., carry
input/output) dependency between the two instructions, the ADCX/ADOX can be executed as
soon the most significant half/the least significant half of their associated multiplication result is
available. For example, if the least significant half of the multiplication result is generated in the
n-th cycle, and the most significant half of the multiplication result is generated in the (n+1)-th
cycle, the ADCX and ADOX that consume these results can be executed as early as possible
following the cycles when their respective last sources are available (i.e., in the consecutive
cycles (N+)-th and (N+2)-th cycles, respectively). That is, the ADCX and ADOX can be
executed without any data dependency, in parallel or in any order.

Figure5isablock diagram of an embodiment of an instruction processing apparatus

515 having an execution unit 540 that is operable to execute instructions including an example

~3
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embodiment of the addition instructions 103 of Figure 1. In some embodiments, the instruction
processing apparatus 515 may be a processor and/or may be included in a processor (e.g., the
processor 100 of Figure 1, or one similar). Alternatively, the instruction processing apparatus
515 may be included in adifferent processor, or electronic system.

The instruction processing apparatus 515 receives one or more of the addition
instructions 103 (e.g.. the ADCX 104 and the ADOX 105 of Figure 1). A decoder 530, which
can be the decoder 129 of Figure 1 or one similar, receives the instructions in the form of
higher-level machine instructions or macroinstructions, and decodes them to generate lower-
level micro-operations, micro-code entry points, microinstructions, or other Iower-levely
instructions or control signals, which reflect and/or are derived from the origina higher-level
instruction. The lower-level instructions or control signals may implement the operation of the
higher-level instruction through lower-level (e.g., circuit-level or hardware-level) operations.
The decoder 530 may be implemented using various different mechanisms. Examples of
suitable mechanisms include, but are not limited to, microcode random access memories
(ROMs), look-up tables, hardware implementations, programmable logic arrays (P L.AS), other
mechanisms used to implement decoders known in the art, etc. In some embodiments of
microarchitectures, macro-instructions can be executed directly without first being decoded by a
decoder.

The execution unit 540 is coupled to the decoder 530. The execution unit 540 may
receive from the decoder 530 one or more micro-operations, micro-code entry points,
microinstructions, other instructions, or other control signals, which reflect, or are derived from
the received addition instructions 103. The execution unit 540 includes addition logic 542 to
perform additions.

The execution unit 540 also receives input from registers, such as general-purpose (GP)
registers 570. The execution unit 540 receives carry input from aflags register 580, and stores
carry output in the flags register 580. In one embodiment, afirst addition instruction (e.g., the
ADCX 104) uses afirst flag 581 for carry input and carry output, and a second addition
instruction (e.g., the ADOX 105) uses a second flag 582 for carry input and carry output. As
described above, more addition instructions can be provided that each uses a different flag for
carry input and carry output.

To avoid obscuring the description, arelatively simple instruction processing apparatus
515 has been shown and described. It isto be appreciated that other embodiments may have
more than one execution unit. For example, the apparatus may include multiple different types

of execution units, such as, for example, arithmetic units, arithmetic logic units (ALUS), integer
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units, floating point units, etc. At least one of these units may be responsive to an embodiment
of aloop alignment instruction as disclosed herein. Still other embodiments of instruction
processing apparatus or processors may have multiple cores, logical processors, or execution
engines. An execution unit operable to execute one or more loop alignment instructions may be
included within at least one, at least two, most, or al of the cores, logical processors, or
execution engines.

The instruction processing apparatus 515 or processor may also optionally include one or
more other well-known components. For example, other embodiments may include one or more
of instruction fetch logic, scheduling logic, branch prediction logic, instruction and data caches,
instruction and data trandation lookaside buffers, prefetch buffers, microinstruction queues,
microinstruction sequencers, bus interface units, second or higher level caches, instruction
scheduling logic, retirement logic, register renaming logic, and the like, and various
combinations thereof. It isto be appreciated that there are literally numerous different
combinations and configurations of such components in processors, and that the scope of the
invention is not limited to any known such combination or configuration.

Figure 6 illustrates an EFLAGS register 600 representing an example embodiment of a
flags register having aplurality of flags. In one embodiment, the EFLAGS register 600 isa 32-
bit register that includes a group of status flags (also referred to as arithmetic flags, such as
COSPAZ flags), acontrol flag, and agroup of system flags.

The status flags include a carry flag (CF, bit 0) 610, a parity flag (PF, bit 2), an auxiliary
carry flag (AF, bit 4), azero flag (ZF, bit 6), asign flag (SF, bit 7), and an overflow flag (OF, bit
11) 620. Aspreviously mentioned, in one or more embodiments, the carry flag (CF, bit 0) and
the overflow flag (OF, bit 1 1) may be used as the first and second flags 581, 582 associated with
the addition instructions as disclosed herein. The CF and OF are emphasized for this reason,
although use of these particular flags is not required.

The system flags include atrap flag (TF, bit 8), an interrupt enable flag (IF, bit 9), an 1/0
privileged level (IOPL, bits 12-13), anested task (NT, bit 14), aresume flag (RF, bit 16), a
virtual-8086 mode (VM, bit 17), an alignment check (AC, bit 18), avirtua interrupt flag (VIF,
bit 19), avirtual interrupt pending (VIP, bit 20), and an ID flag (ID, bit 21). The control flag
includes a direction flag (DF, bit 10). Bits 22-31 of EFLAGS are reserved.

The EFLAGS register 600 is one particular example embodiment of aregister having
suitable flags for implementing one or more embodiments, although this particular register and

these particular flags are certainly not required.
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Figure 7 isaflow diagram of an example embodiment of a method 700 of processing an
example embodiment of an addition instruction (such asthe addition instructions 103 of Figure
1). Invarious embodiments, the method 700 may be performed by a general-purpose processor,
a special-purpose processor (e.g., agraphics processor or adigital signa processor), or another
type of digital logic device or instruction processing apparatus. 1n some embodiments, the
method 700 may be performed by the processor 100 of Figure 1, or the instruction processing
apparatus 515 of Figure 5, or asimilar processor or instruction processing apparatus.
Alternatively, the method 700 may be performed by different embodiments of processors or
instruction processing apparatus. Moreover, the processor 100 of Figure 1, and the instruction
processing apparatus 515 of Figure 5, may perform embodiments of operations and methods
either the same as, similar to, or different than those of the method 700.

In one embodiment, the method 700 includes a processor receiving afirst addition
instruction (block 710). The first addition instruction indicates afirst flag in aflags register.
The processor then receives a second addition instruction (block 720). The second addition
instruction indicates a second flag in the flags register. The first addition instruction and the
second addition instruction are executed without data dependency between the first addition
instruction and the second addition instruction (block 730). The processor stores the carry
output from the first addition instruction in the first flag without modifying the second flag in
the flags register (block 740). The processor also stores the carry output from the second
addition instruction in the second flag without modifying the first flag in the flags register (block
750).

The illustrated method includes operations that are visible from outside a processor or
instruction processing apparatus (e.g., from a software perspective). In other embodiments, the
method may optionally include one or more other operations (e.g., one or more operations
occurring internally within the processor or instruction processing apparatus). By way of
example, after the instruction is received, the instruction may be decoded, translated, emulated,
or otherwise converted, into one or more other instructions or control signals.

Exemplary Computer Systems and Processors - Figures 8-12

Figures 8-12 are exemplary computer systems and processors. Other system designs
and configurations known in the arts for |aptops, desktops, handheld PCs, personal digital
assistants, engineering workstations, servers, network devices, network hubs, switches,
embedded processors, digital signal processors (DSPs), graphics devices, video game devices,
set-top boxes, micro controllers, cell phones, portable media players, hand held devices, and

various other electronic devices, are also suitable. In general, a huge variety of systems or

10
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electronic devices capable of incorporating aprocessor and/or other execution logic as disclosed
herein are generally suitable.

Referring now to Figure 8, shown is ablock diagram of a system 1300 in accordance
with one embodiment of the invention. The system 1300 may include one or more processors
1310, 1315, which are coupled to graphics memory controller hub (GMCH) 1320. The optiona
nature of additional processors 1315 isdenoted in Figure 8 with broken lines.

Each processor 1310, 1315 may be some version of processor 1700. However, it should
be noted that it is unlikely that integrated graphics logic and integrated memory control units
would exist inthe processors 1310, 1315.

Figure 8 illustrates that the GMCH 1320 may be coupled to a memory 1340 that may be,
for example, adynamic random access memory (DRAM). The DRAM may, for at least one
embodiment, be associated with a non-volatile cache.

The GMCH 1320 may be achipset, or a portion of achipset. The GMC11 1320 may
communicate with the processor(s) 1310, 13 15 and control interaction between the processor(s)
1310, 1315 and memory 1340. The GMCH 1320 may aso act as an accelerated bus interface
between the processor(s) 1310, 1315 and other elements of the system 1300. For at least one
embodiment, the GMCH 1320 communicates with the processor(s) 1310, 1315 via a multi-drop
bus, such asafrontside bus (FSB) 1395.

Furthermore, GMCH 1320 is coupled to adisplay 1345 (such asa flat panel display).
GMCH 1320 may include an integrated graphics accelerator. GMCH 1320 is further coupled to
an input/output (1/0) controller hub (ICH) 1350, which may be used to couple various periphera
devices to system 1300. Shown for example in the embodiment of Figure 8 is an external
graphics device 1360, which may be adiscrete graphics device coupled to ICH 1350, along with
another peripheral device 1370.

Alternatively, additional or different processors may also be present in the system 1300.
For example, additional processor(s) 1315 may include additional processors(s) that are the
same as processor 1310, additional processor(s) that are heterogeneous or asymmetric to
processor 13 10, accelerators (such as, e.g.. graphics accelerators or digital signal processing
(DSP) units), field programmable gate arrays, or any other processor. There can be avariety of
differences between the physical resources 1310, 1315 in terms of a spectrum of metrics of merit
including architectural, micro-architectural, thermal, power consumption characteristics, and the
like. These differences may effectively manifest themselves as asymmetry and heterogeneity
amongst the processing elements 1310, 1315. For at least one embodiment, the various

processing elements 1310, 1315 may reside in the same die package.
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Referring now to Figure 9, shown isablock diagram of a second system 1400 in
accordance with an embodiment of the present invention. As shown in Figure 9, multiprocessor
system 1400 is a point-to-point interconnect system, and includes afirst processor 1470 and a
second processor 1480 coupled via a point-to-point interconnect 1450. Asshown in Figure 9,
each of processors 1470 and 1480 may be some version of the processor 1700.

Alternatively, one or more of processors 1470, 1480 may be an element other than a
processor, such as an accelerator or afield programmable gate array.

While shown with only two processors 1470, 1480, it isto be understood that the scope
of the present invention isnot so limited. In other embodiments, one or more additional
processing elements may be present in agiven processor.

Processor 1470 may further include an integrated memory controller hub (IMC) 1472
and point-to-point (P-P) interfaces 1476 and 1478. Similarly, second processor 1480 may
include aIMC 1482 and P-P interfaces 1486 and 1488. Processors 1470, 1480 may exchange
data via a point-to-point (PtP) interface 1450 using PtP interface circuits 1478, 1488. As shown
in Figure 9, IMC's 1472 and 1482 couple the processors to respective memories, namely a
memory 1442 and amemory 1444, which may be portions of main memory locally attached to
the respective processors.

Processors 1470, 1480 may each exchange data with achipset 1490 via individual P-P
interfaces 1452, 1454 using point to point interface circuits 1476, 1494, 1486, 1498. Chipset
1490 may also exchange data with a high-performance graphics circuit 1438 via a high-
performance graphics interface 1439.

A shared cache (not shown) may be included in either processor outside of both
processors, yet connected with the processors via P-P interconnect, such that either or both
processors local cache information may be stored in the shared cache if aprocessor is placed
into alow power mode.

Chipset 1490 may be coupled to afirst bus 14 16 via an interface 1496. In one
embodiment, first bus 1416 may be a Peripheral Component Interconnect (PCI) bus, or abus
such as aPCl Express bus or another third generation /O interconnect bus, although the scope
of the present invention isnot so limited.

As shown in Figure 9, various 1/0O devices 1414 may be coupled to first bus 1416, aong
with abus bridge 1418 which couples first bus 1416 to a second bus 1420. In one embodiment,
second bus 1420 may be alow pin count (LPC) bus. Various devices may be coupled to second
bus 1420 including, for example, akeyboard/mouse 1422, communication devices 1426 and a

data storage unit 1428 such asadisk drive or other mass storage device which may include code
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1430, in one embodiment. Further, an audio 1/0 1424 may be coupled to second bus 1420.
Note that other architectures are possible. For example, instead of the point-to-point
architecture of Figure 9, a system may implement amulti-drop bus or other such architecture.

Referring now to Figure 10, shown is ablock diagram of athird system 1500 in
accordance with an embodiment of the present invention. Like elements in Figures 9 and 10
bear like reference numerals, and certain aspects of Figure 9 have been omitted from Figure 10
in order to avoid obscuring other aspects of Figure 10.

Figure 10 illustrates that the processing elements 1470, 1480 may include integrated
memory and 1/O control logic ("CL") 1472 and 1482, respectively. For at least one
embodiment, the CL 1472, 1482 may include memory controller hub logic (IMC) such asthat
described above in connection with Figures 89 and 14. In addition. CL 1472, 1482 may aso
include 1/O control logic. Figure 15 illustrates that not only are the memories 1442, 1444
coupled to the CL 1472, 1482, but also that 1/0 devices 1514 are also coupled to the control
logic 1472, 1482. Legacy 1/O devices 1515 are coupled to the chipset 1490.

Referring now to Figure 11, shown isablock diagram of a SoC 1600 in accordance with
an embodiment of the present invention. Similar elements in Figure 12 bear like reference
numerals. Also, dashed lined boxes are optional features on more advanced SoCs. In Figure
11, an interconnect unit(s) 1602 is coupled to: an application processor 1610 which includes a
set of one or more cores 1702A-N and shared cache unit(s) 1706; a system agent unit 17 10; a
bus controller unit(s) 1716; an integrated memory controller unit(s) 1714; a set or one or more
media processors 1620 which may include integrated graphics logic 1708, an image processor
1624 for providing still and/or video camera functionality, an audio processor 1626 for
providing hardware audio acceleration, and avideo processor 1628 for providing video
encode/decode acceleration; an static random access memory (SRAM) unit 1630; a direct
memory access (DMA) unit 1632; and adisplay unit 1640 for coupling to one or more external
displays.

Embodiments of the mechanisms disclosed herein may be implemented in hardware,
software, firmware, or acombination of such implementation approaches. Embodiments of the
invention may be implemented as computer programs or program code executing on
programmable systems comprising at least one processor, a storage system (including volatile
and non-volatile memory and/or storage elements), at least one input device, and at least one
output device.

Program code may be applied to input data to perform the functions described herein and

generate output information. The output information may be applied to one or more output
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devices, in known fashion. For purposes of this application, a processing system includes any
system that has a processor, such as, for example; adigital signal processor (DSP), a
microcontroller, an application specific integrated circuit (ASIC), or a microprocessor.

The program code may be implemented in ahigh level procedural or object oriented
programming language to communicate with aprocessing system. The program code may aso
be implemented in assembly or machine language, if desired. In fact, the mechanisms described
herein are not limited in scope to any particular programming language. In any case, the
language may be a compiled or interpreted language.

One or more aspects of at least one embodiment may be implemented by representative
instructions stored on a machine-readable medium which represents various logic within the
processor, which when read by a machine causes the machine to fabricate logic to perform the
techniques described herein. Such representations, known as"IP cores' may be stored on a
tangible, machine readable medium and supplied to various customers or manufacturing
facilities to load into the fabrication machines that actually make the logic or processor.

Such machine-readable storage media may include, without limitation, non-transitory,
tangible arrangements of articles manufactured or formed by a machine or device, including
storage media such as hard disks, any other type of disk including floppy disks, optical disks
(compact disk read-only memories (CD-ROMs), compact disk rewritables (CD-RWS)), and
magneto-optical disks, semiconductor devices such as read-only memories (ROMs), random
access memories (RAMSs) such as dynamic random access memories (DRAMS), static random
access memories (SRAMs), erasable programmable read-only memories (EPROMSs), flash
memories, electrically erasable programmable read-only memories (EEPROMS), magnetic or
optical cards, or any other type of media suitable for storing electronic instructions.

Accordingly, embodiments of the invention also include non-transitory, tangible
machine-readable media containing instructions the vector friendly instruction format or
containing design data, such as Hardware Description Language (HDL), which defines
structures, circuits, apparatuses, processors and/or system features described herein. Such
embodiments may also be referred to as program products.

In some cases, an instruction converter may be used to convert an instruction from a
source instruction set to atarget instruction set. For example, the instruction converter may
trandate (e.g., using static binary trandation, dynamic binary trandation including dynamic
compilation), morph, emulate, or otherwise convert an instruction to one or more other

instructions to be processed by the core. The instruction converter may be implemented in
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software, hardware, firmware, or a combination thereof. The instruction converter may be on
processor, off processor, or part on and part off processor.

Figure 13 isablock diagram contrasting the use of a software instruction converter to
convert binary instructions in a source instruction set to binary instructions in atarget instruction
set according to embodiments of the invention. Inthe illustrated embodiment, the instruction
converter is a software instruction converter, although alternatively the instruction converter
may be implemented in software, firmware, hardware, or various combinations thereof. Figure
13 shows a program in a high level language 1802 may be compiled using an x86 compiler 1804
to generate x86 binary code 1806 that may be natively executed by aprocessor with at least one
x86 instruction set core 1816 (it is assume that some of the instructions that were compiled are
in the vector friendly instruction format). The processor with at least one x86 instruction set
core 1816 represents any processor that can perform substantially the same functions as a Intel
processor with at least one x86 instruction set core by compatibly executing or otherwise
processing (1) a substantial portion of the instruction set of the Intel x86 instruction set core or
(2) object code versions of applications or other software targeted to run on an Intel processor
with at least one x86 instruction set core, in order to achieve substantially the same result as an
Intel processor with at least one x86 instruction set core. The x86 compiler 1804 represents a
compiler that is operable to generate x86 binary code 1806 (e.g., object code) that can, with or
without additional linkage processing, be executed on the processor with at least one x86
instruction set core 1816. Similarly, Figure 13 shows the program in the high level language
1802 may be compiled using an aternative instruction set compiler 1808 to generate alternative
instruction set binary code 1810 that may be natively executed by a processor without at least
one x86 instruction set core 1814 (e.g., a processor with cores that execute the MIPS instruction
set of MIPS Technologies of Sunnyvale, CA and/or that execute the ARM instruction set of
ARM Holdings of Sunnyvale, CA). The instruction converter 1812 is used to convert the x86
binary code 1806 into code that may be natively executed by the processor without an x86
instruction set core 1814. This converted code is not likely to be the same as the aternative
instruction set binary code 1810 because an instruction converter capable of this is difficult to
make; however, the converted code will accomplish the general operation and be made up of
instructions from the alternative instruction set. Thus, the instruction converter 1812 represents
software, firmware, hardware, or a combination thereof that, through emulation, simulation or
any other process, alows aprocessor or other electronic device that does not have an x86

instruction set processor or core to execute the x86 binary code 1806.
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Certain operations of the instruetion(s) in the vector friendly instruction format disclosed
herein may be performed by hardware components and may be embodied in machine-executable
instructions that are used to cause, or at least result in, acircuit or other hardware component
programmed with the instructions performing the operations. The circuit may include a general-
purpose or special-purpose processor, or logic circuit, to namejust afew examples. The
operations may also optionally be performed by acombination of hardware and software.
Execution logic and/or a processor may include specific or particular circuitry or other logic
responsive to a machine instruction or one or more control signals derived from the machine
instruction to store an instruction specified result operand. For example, embodiments of the
instruction(s) disclosed herein may be executed in one or more the systems of Figures 8-12 and
embodiments of the instruction(s) in the vector friendly instruction format may be stored in
program code to be executed in the systems. Additionaly, the processing elements of these
figures may utilize one of the detailed pipelines and/or architectures (e.g., the in-order and out-
of-order architectures) detailed herein. For example, the decode unit of the in-order architecture
may decode the instruction(s), pass the decoded instruction to avector or scalar unit, etc.

The above description isintended to illustrate preferred embodiments of the present
invention. From the discussion above it should aso be apparent that especially in such an area of
technology, where growth is fast and further advancements are not easily foreseen, the invention
can may be modified in arrangement and detail by those skilled in the art without departing from
the principles of the present invention within the scope of the accompanying claims and their
equivalents. For example, one or more operations of a method may be combined or further
broken apart.

Alternative Embodiments

While embodiments have been described which would natively execute the vector
friendly instruction format, alternative embodiments of the invention may execute the vector
friendly instruction format through an emulation layer running on a processor that executes a
different instruction set (e.g., a processor that executes the MIPS instruction set of MIPS
Technologies of Sunnyvale, CA, aprocessor that executes the ARM instruction set of ARM
Holdings of Sunnyvale, CA). Also, while the flow diagrams in the figures show a particular
order of operations performed by certain embodiments of the invention, it should be understood
that such order is exemplary (e.g., alternative embodiments may perform the operations in a
different order, combine certain operations, overlap certain operations, etc.).

In the description above, for the purposes of explanation, numerous specific details have

been set forth in order to provide athorough understanding of the embodiments of the invention.
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It will be apparent however, to one skilled in the art, that one or more other embodiments may
be practiced without some of these specific details. The particular embodiments described are
not provided to limit the invention but to illustrate embodiments of the invention. The scope of
the invention is not to be determined by the specific examples provided above but only by the |
claims below.

It isto be understood that the above description is intended to be illustrative and not
restrictive. Many other embodiments will be apparent to those of skill in the art upon reading
and understanding the above description. The scope of the invention should, therefore, be
determined with reference to the appended claims, along with the full scope of equivalents to

which such claims are entitled.
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CLAIMS
What is claimed is:

1 A method comprising:

receiving a first addition instruction;

receiving a second addition instruction;

executing the first addition instruction and the second addition instruction without data
dependency between the first addition instruction and the second addition instruction;

storing afirst carry output of the first addition instruction in afirst flag of aflags register
without modifying a second flag in the flags register; and

storing a second carry output of the second addition instruction in the second flag of the

flags register without modifying the first flag.

2. The method of claim 1, further comprising:

receiving a multiplication instruction to multiply afirst factor with a second factor; and

multiplying the first factor with the second factor to product a product that includes a
least significant half and amost significant half, and the least significant half being a source
operand for the first addition instruction, the most significant half being a source operand for the

second addition instruction.

3. The method of claim 2, further comprising:
receiving the multiplication instruction, the first addition instruction and the second

addition instruction asthree consecutive instructions.

4, The method of claim 1, wherein the first addition instruction reads the first flag

for carry input and the second addition instruction reads the second flag for carry input.

5. The method of claim 4, wherein the first flag isone of a carry flag and an

overflow flag, and the second flag is the other of the carry flag and the overflow flag.
6. The method of claim 1, further comprising:

receiving athird addition instruction that reads athird flag of the flags register as carry

input; and

18
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storing athird carry output into the third flag without modifying the first flag, the second
flag and the other flags in the flags register.

7. The method of claim 1, further comprising:

receiving a subtraction instruction that reads athird flag of the flags register as borrow
input; and

storing a borrow output into the third flag without modifying the first flag, the second
flag and the other flags in the flags register.

8. An apparatus comprising:

aflags register that includes at least afirst flag and a second flag;

execution logic coupled to the flags register to perform afirst addition instruction and a
second addition instruction without data dependency between the first addition instruction and
the second addition instruction, to store a first carry output of the first addition instruction in the
first flag without modifying the second flag, and to store a second carry output of the second

addition instruction in the second flag without modifying the first flag.

9. The apparatus of claim 8, wherein the execution logic isto multiply a first factor
with a second factor and to thereby product a product that includes a least significant half and a
most significant half, the least significant half to be a source operand for the first addition
instruction, and the most significant half to be a source operand for the second addition

instruction.

10. The apparatus of claim 9, where the execution logic isto receive the
multiplication instruction, the first addition instruction and the second addition instruction as

three consecutive instructions.

11.  The apparatus of claim 8, wherein the first addition instruction reads the first flag

for carry input and the second addition instruction reads the second flag for carry input.

12. The apparatus of claim 11, wherein the first flag is one of acarry flag and an

overflow flag, and the second flag isthe other of the carry flag and the overflow flag.
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13.  The apparatus of claim 8, wherein the execution logic is to receive athird
addition instruction that reads athird flag of the flags register as carry input, and to store athird
carry output into the third flag without modifying the first flag, the second flag and the other
flags in the flags register.

14, The apparatus of claim 8, wherein the execution logic is to a subtraction
instruction that reads athird flag of the flags register as borrow input, and to store a borrow
output into the third flag without modifying the first flag, the second flag and the other flags in
the flags register.

15. A system comprising:
an interconnect;
aprocessor coupled to the interconnect, the processor including:
aflags register that includes at least afirst flag and a second flag;
execution logic coupled to the flags register to perform afirst addition instruction
and a second addition instruction without data dependency between the first addition instruction
and the second addition instruction, to store afirst carry output of the first addition instruction in
the first flag without modifying the second flag, and to store a second carry output of the second
addition instruction in the second flag without modifying the first flag; and

a dynamic random access memory (DRAM) coupled to the interconnect.

16. The system of claim 15, wherein the execution logic isto multiply afirst factor
with a second factor and to thereby product a product that includes a least significant half and a
most significant half, the least significant half to be a source operand for the first addition
instruction, and the most significant half to be a source operand for the second addition

instruction.
17. The system of claim 16, where the execution logic isto receive the multiplication
instruction, the first addition instruction and the second addition instruction as three consecutive

instructions.

18. The system of claim 15, wherein the first addition instruction reads the first flag

for carry input and the second addition instruction reads the second flag for carry input.

20
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19.  The system of claim 18, wherein the first flag is one of acarry flag and an

overflow flag, and the second flag is the other of the carry flag and the overflow flag.

20. The system of claim 15, wherein the execution logic isto receive athird addition
instruction that reads athird flag of the flags register as carry input, and to store athird carry
output into the third flag without modifying the first flag, the second flag and the other flags in
the flags register.

21 The system of claim 15, wherein the execution logic isto a subtraction
instruction that reads athird flag of the flags register as borrow input, and to store a borrow
output into the third flag without modifying the first flag, the second flag and the other flags in
the flags register.

[
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