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APPARATUS AND METHOD FOR OPTIMIZING 
SCALAR CODE EXECUTED ON A SIMD ENGINE 

BY ALIGNMENT OF SIMD SLOTS 

BACKGROUND 

[0001] 1. Technical Field 

[0002] The present application relates generally to an 
improved data processing apparatus and method. More 
speci?cally, the present application is directed to an appa 
ratus and method for optimizing scalar code executed on a 
single instruction multiple data (SIMD) engine by aligning 
SIMD slots of SIMD registers. 

[0003] 2. Description of Related Art 

[0004] On an autonomous single instruction multiple data 
(SIMD) engine With no scalar instructions, all scalar code 
must be executed in SIMD registers. Since scalar data may 
be placed in storage on different alignment boundaries, in 
general the operands for a scalar operation may not be 
placed in congruent slots by the load instructions of the 
SIMD processor. That is, one scalar operand may be in slot 
3 While another scalar operand may be in slot 2 of the SIMD 
registers. This causes a problem With scalar operations being 
performed in SIMD registers because congruent slots in 
SIMD registers are combined to perform an operation. If the 
operands are not in congruent slots, the operands of the 
scalar operation Will not be properly combined. 

[0005] To illustrate this problem, examples of SIMD reg 
isters are shoWn in FIGS. 1A-1C. As shoWn in FIG. 1A, a 
?rst SIMD register 110 stores values x0-x3 in slots 0-3, 
respectively. A second SIMD register 120 store values y0-y3 
in slots 0-3, respectively. The values in SIMD registers 110 
and 120 are combined and stored in SIMD register 130. In 
the depicted example, the y0-y3 values are subtracted from 
the x0-x3 values to generate the resultant values (x0-y0) to 
(x3-y3) in SIMD register 130. 

[0006] As can be seen from FIG. 1A, With SIMD registers, 
operand values in congruent slots in the SIMD registers are 
combined to generate results that are stored in a congruent 
slot in a resultant SIMD register. Since scalar operands are 
comprised of a single value, and not multiple values as With 
vector operands, When a scalar operand is loaded into a 
SIMD register, the scalar operand is loaded along With other 
values that are not used in the scalar operation. Due to 
alignment boundary differences or other factors, the scalar 
operand may be present in any one of the multiple slots of 
the SIMD register. Thus, if tWo scalar values are to be 
subtracted, a ?rst scalar value may be stored in slot 1 of a 
?rst SIMD register 110 and a second scalar value may be 
stored in slot 2 of a second SIMD register 120. Such a 
situation is illustrated in FIG. 1B. 

[0007] As shoWn in FIG. 1B, a scalar operation that is to 
be performed, in this simple example, is the subtraction of 
the scalar operand value “1” from the scalar operand value 
“7.” However, because the scalar operands are misaligned, 
i.e. scalar operand value “7” is in slot 1 of SIMD register 110 
and scalar operand value “1” is in slot 2 of SIMD register 
120, this scalar operation cannot be performed With the 
current alignment of values in the SIMD registers 110 and 
120. 

[0008] The simple solution to this problem is to alWays 
shift scalars to a preferred slot before execution of a com 
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putational operation on them and, if required, to shift the 
result back to the appropriate slot for storage. Shifting of the 
slots may be achieved by use of a rotation, Which shifts the 
desired slot into the appropriate position, but preserves other 
data in the register. Shifting may also be achieved by a 
shu?‘le operation, Which can put the single slot in all 
positions, essentially a multiple shift, but there may be a 
small amount of additional overhead in this case. 

[0009] A rotation solution is shoWn in FIG. 1C. In the 
depicted example, the preferred slot is slot 0 and all scalar 
operand values are shifted (or rotated, as in this example) to 
slot 0 prior to performing a computational operation on 
them. For example, the scalar operand value “7” is shifted 
from slot 1 to slot 0 of SIMD register 110 and the scalar 
operand value “1” is shifted from slot 2 to slot 0 in SIMD 
register 120. As a result, When the computational operation, 
e.g., subtraction, is performed on the slots of the SIMD 
registers 110 and 120, the proper result “6” is generated and 
stored in resultant SIMD register 130. An additional shift 
operation may be performed Within SIMD register 130 to 
move the result to a different slot Within SIMD register 130 
if required. 

[0010] While this solution ensures that scalar operations 
are properly performed in SIMD registers, the solution 
requires extra processing cycles to perform shift operations. 
Such shift operations may not be necessary if the scalar 
operands are properly aligned but just are not in the pre 
ferred slot. For example, if both operands are in slot 2 of the 
SIMD registers 110 and 120, then the solution Would still 
require that they be shifted to slot 0 before the computational 
operation may be performed. There is no ability to determine 
Whether scalar operands are properly aligned in SIMD 
registers prior to shifting to a preferred slot in the knoWn 
solution. All scalar operands must be shifted to the preferred 
slot in the knoWn solution. 

SUMMARY 

[0011] In vieW of the above, it Would be bene?cial to have 
an apparatus and method for optimiZing the execution of 
scalar operations in a single instruction multiple data 
(SIMD) processor using SIMD registers. Speci?cally, it 
Would be bene?cial to have an apparatus and method for 
ensuring accurate performance of scalar computational 
operations using SIMD registers While minimiZing shift 
operations needed to align scalar operands. The illustrative 
embodiments provide such an apparatus and method. 

[0012] With the apparatus and method of the illustrative 
embodiments, a compiler is provided With an optimiZation 
engine that performs selective alignment of scalar operands 
in SIMD registers through insertion of shift instructions. The 
compiler parses source code and, for each statement in the 
program, generates an expression tree. The compiler 
inspects all storage inputs to scalar operations, if any, in the 
expression tree, i.e. the leaves, to determine their alignment 
in the SIMD registers. This alignment is propagated up the 
expression tree from the leaves. 

[0013] When the alignments of tWo operands in the 
expression tree are the same, the resulting alignment is the 
shared value. When the alignments of tWo operands in the 
expression tree are different, one operand is shifted. For 
shifted operands, a shift operation is inserted in the expres 
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sion tree. The executable code is then generated for the 
expression tree and shifts are inserted Where indicated. 

[0014] Thus, through implementing the illustrative 
embodiments, those scalar operands that are already aligned 
may be identi?ed and shifting of the aligned scalar operands 
may be avoided. Moreover, even for those operands that are 
not aligned, a subset of the operands need only be shifted 
rather than shifting all of the scalar operands. As a result, the 
number of shift operations for aligning scalar operands is 
minimized. Thus, processor cycles that Would be required to 
align all of the scalar operands in a preferred slot of the 
SIMD registers are saved by the illustrative embodiments. 

[0015] In one illustrative embodiment, a method is pro 
vided for performing a scalar operation. The method may 
comprise identifying a scalar operation in source code and 
generating an expression tree for the scalar operation. The 
expression tree may have leaf nodes corresponding to scalar 
operands of the scalar operation. The method may further 
comprise determining an alignment of the scalar operands in 
respective registers that store the scalar operands and gen 
erating executable code for the scalar operation based on the 
expression tree and the determined alignment of the scalar 
operands. The generating of executable code for the scalar 
operation may comprise inserting shift instructions into the 
executable code based on the alignment of the scalar oper 
ands. 

[0016] The method may further comprise propagating the 
alignment of the scalar operands up the expression tree and 
annotating the expression tree based on the propagation of 
the alignment of the scalar operands up the expression tree. 
Annotating the expression tree based on the propagation of 
the alignment may comprise annotating selected nodes of 
the expression tree to identify shift operations to be per 
formed With respect to the selected nodes. The shift opera 
tions may be determined With reference to all other shift 
operations Within a given region of the source code by 
means of an optimiZation process Which attempts to ?nd a 
minimum number of shift operations Within the region of the 
source code. The shift instructions that are inserted into the 
executable code may be one of rotation shift instructions or 
shu?le shift instructions. 

[0017] The optimiZation process may determine common 
sub-expressions of scalar operations and shift operations are 
selected such that for a number of instances of the common 
sub-expression a same shift operation is utiliZed. At least one 
of the shift operations may be a shu?le shift operation that 
propagates a scalar operand to all positions in a respective 
register such that the scalar operand may be used With more 
than one desired alignment. 

[0018] The selected nodes may be nodes Where values 
associated With tWo or more child nodes in the expression 
tree are to be combined and the values have different 
alignments in their respective registers. Values of the 
selected nodes may have alignments in their respective 
resultant registers corresponding to an alignment of the tWo 
or more child nodes after shifting is performed. 

[0019] In other illustrative embodiments, an apparatus and 
computer program product are provided for implementing 
the operations described above With regard to the method. 
The apparatus may comprise a processor and a memory 
having instructions provided therein that, When executed by 
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the processor, cause the processor to perform the various 
operations described above. The computer program product 
may comprise a computer usable medium having a computer 
readable program provided thereon. When the computer 
readable program is executed by a computing device, the 
computer readable program may cause the computing device 
to perform the various operations described above With 
regard to the method. 

[0020] These and other features and advantages of the 
present invention Will be described in, or Will become 
apparent to those of ordinary skill in the art in vieW of, the 
folloWing detailed description of the exemplary embodi 
ments of the present invention. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0021] The novel features believed characteristic of the 
invention are set forth in the appended claims. The invention 
itself, hoWever, as Well as a preferred mode of use, further 
objectives and advantages thereof, Will best be understood 
by reference to the folloWing detailed description of an 
illustrative embodiment When read in conjunction With the 
accompanying draWings, Wherein: 

[0022] FIGS. 1A-1C are exemplary diagrams illustrating 
SIMD registers and performing computational operations 
using SIMD registers; 

[0023] FIG. 2 is an exemplary block diagram of a data 
processing system in Which exemplary aspects of an illus 
trative embodiment may be implemented; 

[0024] FIG. 3 is an exemplary block diagram of a compiler 
in accordance With one illustrative embodiment; 

[0025] FIG. 4A is an exemplary diagram illustrating an 
expression tree in accordance With one illustrative embodi 
ment; 

[0026] FIG. 4B is an exemplary diagram illustrating the 
operation of one illustrative embodiment When performing 
the operations of the expression tree in FIG. 4A Within 
SIMD registers; and 

[0027] FIG. 5 is a ?owchart outlining an exemplary opera 
tion in accordance With one illustrative embodiment. 

DETAILED DESCRIPTION OF THE 
PREFERRED EMBODIMENTS 

[0028] The illustrative embodiments provide an apparatus 
and method for optimiZing scalar code executed on a single 
instruction multiple data (SIMD) engine by aligning SIMD 
slots of SIMD registers. As such, the illustrative embodi 
ments may be implemented in any data processing system 
using a SIMD engine and SIMD registers. One such data 
processing system is the Cell Broadband Engine (CBE) data 
processing system available from International Business 
Machines, Inc. or Armonk, NY. The CBE architecture Will 
be used as a basis for the description of the illustrative 
embodiments. HoWever, it should be appreciated that the 
CBE architecture is only illustrative and is not intended to 
state or imply any limitation With regard to the types of data 
processing systems or architectures in Which the illustrative 
embodiments may be implemented. 

[0029] FIG. 2 is an exemplary block diagram of a data 
processing system in Which exemplary aspects of an illus 



US 2007/0174825 A1 

trative embodiment may be implemented. The exemplary 
data processing system shown in FIG. 2 is an example of the 
Cell Broadband Engine (CBE) data processing system. 
While the CBE Will be used in the description of the 
preferred embodiments of the present invention, the present 
invention is not limited to such, as Will be readily apparent 
to those of ordinary skill in the art upon reading the 
following description. 

[0030] As shoWn in FIG. 2, the CBE 200 includes a poWer 
processor element (PPE) 210 having a processor (PPU) 216 
and its L1 and L2 caches 212 and 214, and multiple 
synergistic processor elements (SPEs) 220-234 that each has 
its oWn synergistic processor unit (SPU) 240-254, memory 
How control 255-262, local memory or store (LS) 263-270, 
and bus interface unit (BIU unit) 280-294 Which may be, for 
example, a combination direct memory access (DMA), 
memory management unit (MMU), and bus interface unit. A 
high bandWidth internal element interconnect bus (EIB) 296, 
a bus interface controller (BIC) 297, and a memory interface 
controller (MIC) 298 are also provided. 

[0031] The CBE 200 may be a system-on-a-chip such that 
each of the elements depicted in FIG. 2 may be provided on 
a single microprocessor chip. Moreover, the CBE 200 is a 
heterogeneous processing environment in Which each of the 
SPUs may receive different instructions from each of the 
other SPUs in the system. Moreover, the instruction set for 
the SPUs is different from that of the PPU, e.g., the PPU may 
execute Reduced Instruction Set Computer (RISC) based 
instructions While the SPU execute vectoriZed instructions. 

[0032] The SPEs 220-234 are coupled to each other and to 
the L2 cache 114 via the EIB 296. In addition, the SPEs 
220-234 are coupled to MIC 298 and BIC 297 via the EIB 
296. The MIC 298 provides a communication interface to 
shared memory 299. The BIC 297 provides a communica 
tion interface betWeen the CBE 200 and other external buses 
and devices. 

[0033] The PPE 210 is a dual threaded PPE 210. The 
combination of this dual threaded PPE 210 and the eight 
SPEs 220-234 makes the CBE 200 capable of handling 10 
simultaneous threads and over 128 outstanding memory 
requests. The PPE 210 acts as a controller for the other eight 
SPEs 220-234 Which handle most of the computational 
Workload. The PPE 210 may be used to run conventional 
operating systems While the SPEs 220-234 perform vector 
iZed ?oating point code execution, for example. 

[0034] The SPEs 220-234 comprise a synergistic process 
ing unit (SPU) 240-254, memory How control units 255-262, 
local memory or store 263-270, and an interface unit 280 
294. The local memory or store 263-270, in one exemplary 
embodiment, comprises a 256 KB instruction and data 
memory Which is visible to the PPE 210 and can be 
addressed directly by softWare. 

[0035] The PPE 210 may load the SPEs 220-234 With 
small programs or threads, chaining the SPEs together to 
handle each step in a complex operation. For example, a 
set-top box incorporating the CBE 200 may load programs 
for reading a DVD, video and audio decoding, and display, 
and the data Would be passed off from SPE to SPE until it 
?nally ended up on the output display. At 4 GHZ, each SPE 
220-234 gives a theoretical 32 GFLOPS of performance 
With the PPE 210 having a similar level of performance. The 
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memory How control units (MFCs) 255-262 serve as an 
interface for an SPU to the rest of the system and other 
elements. The MFCs 255-262 provide the primary mecha 
nism for data transfer, protection, and synchronization 
betWeen main storage and the local storages 263-270. There 
is logically an MFC for each SPU in a processor. Some 
implementations can share resources of a single MFC 
betWeen multiple SPUs. In such a case, all the facilities and 
commands de?ned for the MFC must appear independent to 
softWare for each SPU. The effects of sharing an MFC are 
limited to implementation-dependent facilities and com 
mands. 

[0036] In accordance With the illustrative embodiments, 
the SPEs 220-234 may implement SIMD engines having 
SIMD registers. The illustrative embodiments provide a 
compiler for optimiZing executable code for execution on 
such SIMD engines in SPEs 220-234. In particular, the 
illustrative embodiments optimiZe the alignment of scalar 
operands in SIMD registers so that scalar operations may be 
performed using such SIMD registers With a minimum of 
shift instructions. 

[0037] With the apparatus and method of the illustrative 
embodiments, a compiler is provided With an optimization 
engine that performs selective alignment of scalar operands 
in SIMD registers through insertion of shift instructions. The 
compiler parses source code and, for each statement in the 
program, generates an expression tree. The compiler 
inspects all storage inputs to scalar operations, if any, in the 
expression tree, i.e. the leaves, to determine their alignment 
in the SIMD registers. This alignment is propagated up the 
expression tree from the leaves. 

[0038] When the alignments of tWo operands in the 
expression tree are the same, the resulting alignment is the 
shared value. When the alignments of tWo operands in the 
expression tree are different, at least one operand is shifted. 
For shifted operands, a shift operation is inserted in the 
expression tree. The executable code is then generated for 
the expression tree and shifts are inserted Where indicated. 

[0039] It is this executable code that may be distributed to 
the SPEs 220-234 for execution. Since the SPEs 220-234 are 
SIMD engines having SIMD registers, the executable code 
is optimiZed for performance of scalar operations using 
these SIMD engines and SIMD registers. In particular, 
through implementing the illustrative embodiments, those 
scalar operands that are already aligned may be identi?ed 
and shifting of the aligned scalar operands may be avoided. 
Moreover, even for those operands that are not aligned, a 
subset of the operands need only be shifted rather than 
shifting all of the scalar operands. As a result, the number of 
shift operations for aligning scalar operands is minimiZed. 
Thus, processor cycles that Would be required to align all of 
the scalar operands in a preferred slot of the SIMD registers 
are saved by the illustrative embodiments. 

[0040] FIG. 3 is an exemplary block diagram of a compiler 
in accordance With one illustrative embodiment. As shoWn 
in FIG. 3, a compiler 310 is provided that includes a code 
parsing engine 312 and a source code to executable code 
conversion engine 320. The compiler 310 receives source 
code 330 as input Which is parsed by code parsing engine 
312. The parsed source code segments are provided to 
source code to executable code conversion engine 320 
Which converts the higher level source code representation 
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into an executable code that is understandable by the data 
processing system. Such operations are generally knoWn in 
the art and thus, a detailed explanation of the conversion 
from source code to executable code is not provided herein. 

[0041] In addition to the generally knoWn mechanisms for 
converting source code to executable code, the conversion 
engine 320 includes an expression tree generation engine 
322, an expression tree alignment annotation engine 324 and 
a shift operation insertion engine 326. The elements 322-326 
are used to implement the methodology of the illustrative 
embodiments on the parsed source code 330. 

[0042] Speci?cally, the expression tree generation engine 
322 generates, for each statement in the parsed source code 
330, an expression tree. The generation of expression trees 
for statements in source code is generally knoWn in the art 
and thus, a detailed explanation is not provided herein. 
Those of ordinary skill in the art are aWare of the available 
mechanisms for generating expression trees. 

[0043] With the illustrative embodiments, the generated 
expression tree is examined by the expression tree alignment 
annotation engine 324 to identify all storage inputs to scalar 
operations, i.e. the scalar operands for the scalar operations. 
The storage inputs may be determined by inspection of the 
expression tree and are the leaves of the tree, represented by 
a LOAD operation acting on an address expression. The 
compiler distinguishes betWeen scalar and vector operations 
in the expression tree by use of different operations and 
symbolic register types. The compiler frontend can distin 
guish in the source language betWeen scalar and vector 
operations encoded by a programmer, and the optimiZing 
component of the compiler can distinguish betWeen scalar 
operations and vector operations Which it may create by 
SIMDiZation or vectoriZation transformations. 

[0044] The expression tree alignment annotation engine 
324 determines the alignment of these scalar inputs, i.e. 
scalar operands, Which Would be the leaf nodes in the 
expression tree, in the SIMD registers of the SIMD engine. 
The alignment is discovered by inspection of the address 
expression in the leaf node. It may be a constant value, 
determined at compile time, or a run time value in Which 
case it is assumed to be unknown. Scalars With unknoWn 
alignments can alWays be shifted to a preferred slot. 

[0045] The determined alignment is propagated up the 
expression tree, by the expression tree alignment annotation 
engine 324, from node to node in order to determine Where 
shift instructions should be inserted to align the scalar 
operands. In this Way, the nodes of the expression tree are 
annotated With the alignment of the scalar operands of the 
scalar operations. 

[0046] In annotating the expression tree With the align 
ment of the scalar operands in the SIMD registers, the 
expression tree alignment annotation engine 324 resolves 
differences betWeen alignments of nodes by annotating 
nodes With shift operations. These shift operations serve to 
shift a subset of the scalar operands, eg at least one of tWo 
scalar operands, so that all of the scalar operands of a 
particular portion of the scalar operation are in alignment 
With regard to the SIMD registers. 

[0047] Thus, for example, if tWo nodes in the expression 
tree are to be combined and have different alignments, a shift 
operation annotation is added to a node of at least one of the 
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scalar operands so as to align it With the alignment of the 
other scalar operand node. The resultant node in the expres 
sion tree has the alignment of the tWo nodes after shifting. 
If the tWo nodes have the same alignment, then no shift 
operation annotation is necessary and the resultant node in 
the expression tree has the alignment of the tWo nodes. This 
process may be repeated as the alignments are propagated up 
the expression tree. After annotating the expression tree With 
the alignment information and shift operation annotations, 
the source code to execution code conversion engine 320 
generates executable code for the expression tree. 

[0048] There may be more than one Way to choose an 
alignment and operand to shift. This choice can be made 
arbitrarily, in a simple compiler, or it may be made With 
reference to all other shifts Within some given region of 
code, such as a loop, by means of an optimiZation process 
Which attempts to ?nd a minimum number of shifts Within 
the region. For example, common sub-expressions of scalar 
operations may be determined and shift operations may be 
selected such that for some number of instances of the 
common sub-expression the same shift may be utiliZed. 

[0049] Another possible technique is to use a shuf?e 
operation to propagate the scalar to all positions in the 
register rather than choosing a single shift. This may be 
useful in cases Where more than one alignment is desirable 
for a single scalar. When a scalar is propagated to all 
positions of a SIMD register, the expression node associated 
With that value is modi?ed to re?ect this neW state, e. g. With 
a label indicating “this value is replicated at all locations,” 
referred to as “all-loc” for short. This special value then 
never con?icts With any speci?c alignment as it is further 
propagated up the tree. For example, if there is an operation 
With tWo operands, one of Which is “alignment at 4 byte” and 
the other is “all-loc,” then there is no con?ict at this 
operation. The alignment further propagated up is then 
“alignment at 4 byte.” 

[0050] Note also that there are values that are under 
control of the compiler and that can be expressly be gener 
ated as to reside at “all-loc”. For example, any scalar 
constant in the program can be arti?cially replicated in all 
locations Within an aligned l6-byte boundary so as to exhibit 
this desirable property. Also, there are several operations, 
especially operations generating immediate values in regis 
ters, that naturally re?ect this “all-loc” property. Thus, the 
tree annotation engine understands these special instructions 
as Well as the loads of these special scalar values that are 
under control of the compiler and amendable to being 
replicated in all locations Within an aligned 16 byte bound 
anes. 

[0051] In addition, the expression tree is provided to the 
shift operation insertion engine 326. The shift operation 
insertion engine 326 examines the annotated expression tree 
and inserts shift instructions into the executable code gen 
erated from the annotated expression tree. The optimiZed 
executable code, Which has been optimiZed for scalar opera 
tions performed on SIMD engines, is provided to the linker 
340 Which links appropriate executable code modules to 
generate the optimiZed executable code 350 that is opti 
miZed for execution by SIMD processors, such as the SIMD 
engines of the SPEs in the Cell Broadband Engine data 
processing system. 
[0052] FIG. 4A is an exemplary diagram illustrating an 
expression tree in accordance With one illustrative embodi 
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ment. In the example shown in FIG. 4A, it is assumed that 
the statement parsed by the compiler is the scalar operation 
“(a+b)-(c+d)” as a simple example to illustrate the operation 
of the illustrative embodiments. As shown in FIG. 4A, the 
resulting expression tree includes four leaf nodes, one for 
each of the scalar operands a, b, c and d. Additional nodes 
are provided that represent the computational operations to 
be performed on the scalar operands. 

[0053] Each leaf node, corresponding to the scalar inputs 
or scalar operands, is annotated with its alignment in its 
corresponding SIMD register. For example, the nodes are 
annotated with the SIMD register identi?er and correspond 
ing slot in the SIMD register. As shown in FIG. 4A, based 
on the alignment annotations, it can be seen that the scalar 
operand a and the scalar operand b are not aligned, i.e. they 
are in different slots of their respective SIMD registers, e.g., 
slot 3 and slot 2. The scalar operand c and the scalar operand 
d are aligned, i.e. they are in the same slots of their 
respective SIMD registers, e.g., slot 3. 

[0054] Thus, based on the alignment annotations, it can be 
seen that at least one of the scalar operands a or b needs to 
be shifted to be aligned with the other operand. One of these 
operands is selected for shifting, e.g., operand a, and its 
corresponding node is annotated with a shift operation. The 
resulting node, i.e. the summation node that is the parent of 
the leaf nodes for scalar operands a and b, has the same 
alignment as the alignment of the two leaf nodes after 
shifting, e.g., the result is placed in the second slot of the 
SIMD register used to store the result of the addition of a and 
b. 

[0055] Since the alignments of the nodes representing the 
scalar operands c and d are already aligned, a shift operation 
is not necessary and thus, a shift operation annotation is not 
inserted into the expression tree. Furthermore, the resulting 
node, i.e. the summation node that is the parent of the leaf 
nodes for scalar operands c and d, has the same alignment 
as the alignment of the two leaf nodes for scalar operands c 
and d. 

[0056] This process may be repeated as alignment anno 
tations are propagated up from node to node in the expres 
sion tree. As a result, shift operation annotations are inserted 
only in those areas of the expression tree where they are 
needed to align scalar operands. Moreover, only a subset of 
the scalar operands need to be shifted in order to ensure 
alignment rather than having to shift all of the operands to 
a preferred slot. 

[0057] Once the expression tree is annotated in this man 
ner, the executable code for the expression tree may be 
generated. This executable code will include shift instruc 
tions that correspond to the shift operation annotations in the 
expression tree that operate to align scalar operands. 

[0058] FIG. 4B is an exemplary diagram illustrating the 
operation of one illustrative embodiment when performing 
the operations of the expression tree in FIG. 4A within 
SIMD registers. In the example shown in FIG. 4B, SIMD 
registers having four slots are illustrated. While four slot 
SIMD registers are utiliZed in this example, the illustrative 
embodiments are not limited to such and any number of slots 
may be used with the SIMD registers without departing from 
the spirit and scope of the present invention. 

[0059] As shown in FIG. 4B, when the ?rst operand a is 
loaded into the SIMD register R1, the scalar operand a is 
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loaded into slot 3 of the SIMD register R1. Along with the 
scalar operand a, other values are loaded into the SIMD 
register R1 that are not used with this particular scalar 
operation. These additional values are present because the 
SIMD register R1 is designed to store multiple data values, 
e.g., vector values, and must receive enough data values to 
?ll all of its slots. With regard to scalar operations, these 
additional values are computed by the processor when 
performing the scalar operations, but do not contribute to the 
computation performed by the scalar expression. 

[0060] Similarly, scalar operand b is loaded into slot 2 of 
SIMD register R2. Scalar operands c and d are loaded into 
slot 3 of SIMD registers R4 and R5, respectively. The 
difference in alignment of scalar operand b is due to differ 
ences in its alignment in storage, since the load operations 
move aligned data from storage to register without any 
reorganization. 

[0061] In order for the scalar operands a and b to be 
combined, at least one of the operands must be shifted to be 
aligned with the other operand. In the depicted example, 
operand a is shifted, such as by a rotation operation, left one 
slot such that operand a is now in slot 2 of SIMD register R1. 
The values in SIMD register R1 and SIMD register R2 may 
be combined in a similar manner as described with reference 
to FIGS. 1A-1C above. The resulting values are stored in a 
third SIMD register R3. As shown in FIG. 4B, the result of 
the addition of scalar operands a and b is stored in slot 2 of 
the SIMD register R3. 

[0062] Since scalar operands c and d are already aligned, 
they may simply be combined without any shifting of the 
operands in the SIMD registers R4 and R5. The resulting 
values are stored in the SIMD register R6. As shown in FIG. 
4B, the result of combining scalar operand c and scalar 
operand d is stored in slot 3 of the SIMD register R6. 

[0063] Now, the values in SIMD register R3 and SIMD 
register R6 need to be combined in order to complete the 
scalar operation. However, the resultant value (a+b) is not 
aligned with the resultant value (c+d). As a result, one of 
these values must be shifted in its respective SIMD register 
to be in alignment with the other value. In the depicted 
example, the value (c+d) is shifted left, such as by a rotation 
operation, by one slot so that it is now in slot 2 of SIMD 
register R6. The values in the two SIMD registers R3 and R6 
may then be combined in the same manner as described 
above with regard to FIGS. 1A-1C. The resulting values are 
stored in SIMD register R7. As shown in FIG. 4B, the result 
of subtracting (c+d) from (a+b) is stored in slot 2 of SIMD 
register R7. 

[0064] It should be appreciated that with the known solu 
tion to misalignment of scalar operands in SIMD registers, 
in the above example, four shift operations would be 
required to shift all of the scalar operands to a preferred slot, 
e.g., slot 0. By use of the illustrative embodiments, the 
number of shift operations required to perform the scalar 
operation using SIMD registers is reduced to only two. As 
a result, processor cycles are conserved. 

[0065] FIG. 5 is a ?owchart outlining an exemplary opera 
tion in accordance with one illustrative embodiment. It will 
be understood that each block of the ?owchart illustration, 
and combinations of blocks in the ?owchart illustration, can 
be implemented by computer program instructions. These 
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computer program instructions may be provided to a pro 
cessor or other programmable data processing apparatus to 
produce a machine, such that the instructions which execute 
on the processor or other programmable data processing 
apparatus create means for implementing the functions 
speci?ed in the ?owchart block or blocks. These computer 
program instructions may also be stored in a computer 
readable memory or storage medium that can direct a 
processor or other programmable data processing apparatus 
to function in a particular manner, such that the instructions 
stored in the computer-readable memory or storage medium 
produce an article of manufacture including instruction 
means which implement the functions speci?ed in the ?ow 
chart block or blocks. 

[0066] Accordingly, blocks of the ?owchart illustration 
support combinations of means for performing the speci?ed 
functions, combinations of steps for performing the speci 
?ed functions and program instruction means for performing 
the speci?ed functions. It will also be understood that each 
block of the ?owchart illustration, and combinations of 
blocks in the ?owchart illustration, can be implemented by 
special purpose hardware-based computer systems which 
perform the speci?ed functions or steps, or by combinations 
of special purpose hardware and computer instructions. 

[0067] The operation outlined in FIG. 5 may be performed 
by a compiler of source code. The compiler operates to parse 
source code, identify scalar operations, identify alignments 
of scalar operands of the scalar operations, and insert 
appropriate shift instructions to ensure alignment of scalar 
operands. It will be understood by one skilled in the art that 
the steps described in FIG. 5 can be modi?ed so that they are 
performed separately in the framework of an optimiZing 
compiler comprising separate frontend, optimiZer and code 
generation phases. 

[0068] As shown in FIG. 5, the operation starts with the 
compiler receiving source code to be compiled (step 510). 
The source code is parsed to identify a next statement in the 
source code (step 520). An expression tree is generated for 
the statement (step 530). Storage inputs to scalar operations 
in the expression tree are then inspected to determine their 
alignments (step 540). The alignments are propagated up the 
expression tree (step 550). 

[0069] A determination is made as to whether the align 
ment of the operands in the expression tree are different (step 
560). If so, then an appropriate shift instruction annotation 
is inserted into the expression tree where the operands are 
different in order to shift a subset of the operands (step 570). 
Code for the expression tree is then generated (step 580). As 
described above, this may include the insertion of shift 
instructions in conformance with the shift instruction anno 
tations of the expression tree. 

[0070] A determination is then made as to whether there 
are additional statements in the source code to process (step 
590). If so, the operation returns to step 520 where the next 
statement in the source code is identi?ed and the operation 
is repeated. If no more statements need to be processed, the 
generated executable code is output (step 600) and the 
operation terminates. 

[0071] Thus, the illustrative embodiments provide a 
mechanism for aligning scalar operands for performance of 
scalar operations using SIMD registers. The illustrative 
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embodiments minimize the number of shift operations that 
are required for ensuring alignment of the scalar operations 
by using an expression tree and propagating alignment 
information up the expression tree. In so doing, only selec 
tive shifting of scalar operands is performed rather than 
requiring that all scalar operands be shifted to a designated 
preferred slot of the SIMD registers. 

[0072] It is important to note that while the present inven 
tion has been described in the context of a fully functioning 
data processing system, those of ordinary skill in the art will 
appreciate that the processes of the present invention are 
capable of being distributed in the form of a computer 
readable medium of instructions and a variety of forms and 
that the present invention applies equally regardless of the 
particular type of signal bearing media actually used to carry 
out the distribution. Examples of computer readable media 
include recordable-type media, such as a ?oppy disk, a hard 
disk drive, a RAM, CD-ROMs, DVD-ROMs, and transmis 
sion-type media, such as digital and analog communications 
links, wired or wireless communications links using trans 
mission forms, such as, for example, radio frequency and 
light wave transmissions. The computer readable media may 
take the form of coded formats that are decoded for actual 
use in a particular data processing system. 

[0073] The description of the present invention has been 
presented for purposes of illustration and description, and is 
not intended to be exhaustive or limited to the invention in 
the form disclosed. Many modi?cations and variations will 
be apparent to those of ordinary skill in the art. The 
embodiment was chosen and described in order to best 
explain the principles of the invention, the practical appli 
cation, and to enable others of ordinary skill in the art to 
understand the invention for various embodiments with 
various modi?cations as are suited to the particular use 
contemplated. 

What is claimed is: 
1. A method, in a data processing system, for performing 

a scalar operation, comprising: 

identifying a scalar operation in source code; 

generating an expression tree for the scalar operation, 
wherein the expression tree has leaf nodes correspond 
ing to scalar operands of the scalar operation; 

determining an alignment of the scalar operands in 
respective registers that store the scalar operands; and 

generating executable code for the scalar operation based 
on the expression tree and the determined alignment of 
the scalar operands, wherein generating executable 
code for the scalar operation includes inserting shift 
instructions into the executable code based on the 
alignment of the scalar operands. 

2. The method of claim 1, further comprising: 

propagating the alignment of the scalar operands up the 
expression tree; and 

annotating the expression tree based on the propagation of 
the alignment of the scalar operands up the expression 
tree. 

3. The method of claim 2, wherein annotating the expres 
sion tree based on the propagation of the alignment com 
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prises annotating selected nodes of the expression tree to 
identify shift operations to be performed With respect to the 
selected nodes. 

4. The method of claim 3, Wherein the selected nodes are 
nodes Where values associated With tWo or more child nodes 
in the expression tree are to be combined and the values have 
different alignments in their respective registers. 

5. The method of claim 4, Wherein values of the selected 
nodes have alignments in their respective resultant registers 
corresponding to an alignment of the tWo or more child 
nodes after shifting is performed. 

6. The method of claim 3, Wherein the shift operations are 
determined With reference to all other shift operations Within 
a given region of the source code by means of an optimi 
zation process Which attempts to ?nd a minimum number of 
shift operations Within the region of the source code. 

7. The method of claim 6, Wherein the optimization 
process determines common sub-expressions of scalar 
operations and shift operations are selected such that for a 
number of instances of the common sub-expression a same 
shift operation is utilized. 

8. The method of claim 3, Wherein at least one of the shift 
operations is a shu?le shift operation that propagates a scalar 
operand to all positions in a respective register such that the 
scalar operand may be used With more than one desired 
alignment. 

9. The method of claim 1, Wherein the shift instructions 
that are inserted into the executable code are one of rotation 
shift instructions or shu?le shift instructions. 

10. A computer program product comprising a computer 
useable medium having a computer readable program, 
Wherein the computer readable program, When executed on 
a computing device, causes the computing device to: 

identify a scalar operation in source code; 

generate an expression tree for the scalar operation, 
Wherein the expression tree has leaf nodes correspond 
ing to scalar operands of the scalar operation; 

determine an alignment of the scalar operands in respec 
tive registers that store the scalar operands; and 

generate executable code for the scalar operation based on 
the expression tree and the determined alignment of the 
scalar operands, Wherein generating executable code 
for the scalar operation includes inserting shift instruc 
tions into the executable code based on the alignment 
of the scalar operands. 

11. The computer program product of claim 10, Wherein 
the computer readable program further causes the computing 
device to: 

propagate the alignment of the scalar operands up the 
expression tree; and 

annotate the expression tree based on the propagation of 
the alignment of the scalar operands up the expression 
tree. 

12. The computer program product of claim 11, Wherein 
the computer readable program causes the computing device 
to annotate the expression tree based on the propagation of 
the alignment by annotating selected nodes of the expression 
tree to identify shift operations to be performed With respect 
to the selected nodes. 
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13. The computer program product of claim 12, Wherein 
the selected nodes are nodes Where values associated With 
tWo or more child nodes in the expression tree are to be 
combined and the values have different alignments in their 
respective registers. 

14. The computer program product of claim 13, Wherein 
values of the selected nodes have alignments in their respec 
tive resultant registers corresponding to an alignment of the 
tWo or more child nodes after shifting is performed. 

15. The computer program product of claim 12, Wherein 
the shift operations are determined With reference to all 
other shift operations Within a given region of the source 
code by means of an optimization process Which attempts to 
?nd a minimum number of shift operations Within the region 
of the source code. 

16. The computer program product of claim 15, Wherein 
the optimization process determines common sub-expres 
sions of scalar operations and shift operations are selected 
such that for a number of instances of the common sub 
expression a same shift operation is utilized. 

17. The computer program product of claim 12, Wherein 
at least one of the shift operations is a shuf?e shift operation 
that propagates a scalar operand to all positions in a respec 
tive register such that the scalar operand may be used With 
more than one desired alignment. 

18. The computer program product of claim 10, Wherein 
the shift instructions that are inserted into the executable 
code are one of rotation shift instructions or shu?le shift 
instructions. 

19. An apparatus for performing a scalar operation, com 
prising: 

a processor; and 

a memory coupled to the processor, Wherein the memory 
contains instructions Which, When executed by the 
processor, cause the processor to: 

identify a scalar operation in source code; 

generate an expression tree for the scalar operation, 
Wherein the expression tree has leaf nodes correspond 
ing to scalar operands of the scalar operation; 

determine an alignment of the scalar operands in respec 
tive registers that store the scalar operands; and 

generate executable code for the scalar operation based on 
the expression tree and the determined alignment of the 
scalar operands, Wherein generating executable code 
for the scalar operation includes inserting shift instruc 
tions into the executable code based on the alignment 
of the scalar operands. 

20. The computer program product of claim 10, Wherein 
the instructions further cause the processor to: 

propagate the alignment of the scalar operands up the 
expression tree; and 

annotate the expression tree based on the propagation of 
the alignment of the scalar operands up the expression 
tree. 


