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The Back End

The role of the "back end" of the compiler is to translate architecture-neutral intermediate
code (e.g. "quads") into pure assembly language which can be passed on to the assembler
and linker to produce axecutable program.

Prior to reaching the back end, the quads mae H®en subjected to architecture-
independent optimizations, e.g. using datavflmalysis to eliminate computations of
constants, eliminating unreachable code, etc. This wasembin Unit #6.

The back end must generate assembly language which correctly implements the
programmes ource intent, as represented by the quads, but nm@rdoould produce
"optimal" assembly language. There are three basic tasks:

1) Instruction selection: mapping IR operations Valable assembly language opcodes
and addressing modes

2) Instruction scheduling: re-ordering assembly language opcodes to vanpro
performance, especially on architectures with multigkeetion units.

3) Register allocation: deciding when values (variables, temporaries) shouldy @cup
register and which register.

Generally "optimal” is understood to mean speed xsdcation, but other criteria, such as
code size or cache performance, may also be weighed.

Unfortunately these three steps are interdependent, making the back end the most
difficult part of the compilerE.g. assigning a value to a register as opposed to a memory
location changes instruction selection, which in turn changes scheddlinipe same

time, reordering the instructions may changeister conflicts and require a
reassignment.

The characteristics of processors continue to change as processor technoogesdv

so the algorithms which made sense ten years ago may no longer be suitable. Back end
optimization continues to be an aetiaea of compiler research andvdepment. These
problems are almostvadys NP.

A further requirement of the back end is that its selection of assembly language opcodes,
addressing modes, instruction ordering argister allocation must be deterministic and
consistent. Frona oftware engineering standpoint, aen version of a gien compiler,
compiling a gven piece of source code, with the same settings, must create the same
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assembly language output each time. This is knowinegs oducible kuild,” and if the
compiler uses non-deterministic algorithms which ¢osatisfy this, it maks
management of the software build process very cumbersome. While there is interest in
applying AlI/ML to compilers, this must be done in a deterministic fashion.

A compiler can use a table-den goproach where it has generic algorithms for the back
end, with tables specific to eachget. Thisis the approach that gcc &k Alternatrely,
a compiler might be written with custom-coded back ends for each target.

In this unit, we’ll only be able to @& a Ight overview of what is a ery complicated
topic. Notethat some of the "back end" material, in particulaw rariables are declared
and accessed on specific architectures, was alreadyeddn the previous unit.

Instruction Selection

It is not necessarily the case that the IR is strictly more powerful or strictly lessfpb

than the target assembly languagjavariably, some IR operations will not bexpressible

in a single assembly instruction, and at the same time, some sequences of IR instructions
may be coalesced into a single instruction.

There are tw basic approaches to instruction selection: linear and tree-based. In the
latter, the intermediate representation is placed into a tree form where the nodes represent
operations and the edges represent thve dibvalues. Theavailable assembly language
instructions are also represented as miniature trees or "tiles" which illustratéhdio
particular instruction transformsles. Eaclof these tiles may e an associated cost
metric. Theprocess of instruction selection is then the “tree tilipgbblem: paste the

tiles over the original tree in a manner which preserves its form, using the "optimal tiling
which reduces the total cost metric.

In the linear method, the intermediate representation is a linear sequence of instructions
(quads) and the assembly instructions are linear patt¢angmus methods can be used to
rewrite the IR into assembly through pattern matching. E.g. the "Dragon” compiler
textbook discusses a theoretical way to use a pamdere the instruction patterns are

akin to grammar rules, and the IR is analogous to token sequences.

Tree-based vs linear methods of instruction selection, as may be expectedyedatiha
advantages and dnbacks. Lineamethods may he dfficulty observing data fis,
especially if quads & keen reordered during optimization, and thus are more reliant on
the quad generator using certain sgy@e. Tee methods often e dfficulty with
control flov changes.

The simplest linear method is template-basEdch quad is translated directly into one



ECE466:Compilers Uni/pg 3 ©2025 JéHakner

or more assembly instructions, withougaal to the other quads surrounding ithis
method performs poorly when the assembly is richer than the quad schema, e.g. X86
assemblybecause it can not recognize opportunities for combining instructions into a
single more potent instruction or addressing mode.

We will discuss a template-dien method of linear instruction selection called the
"peephole” methodWe define a "windav" which has a certain maximum siz&his
window spans a constantly adrcing linear range of instructions (instructions might be a

mix of quads, assembly or both). The algorithm can be summarized as:
while (there are nore quads to consumne)

{

do {
Exam ne the current wi ndow for pattern natches
(I'f there are multiple matches, pick the |east-cost)
Performthe pattern transformtion

} while (there was a pattern which natched)

shift nore quads into the far end of the w ndow
Keep wi ndow filled with at |east |ongest-sized pattern
Since the wi ndow has a definite size, eventually
something will have to be pushed out of the near end.
If this something is an un-matched quad, we have
failed to produce an instruction selection, oops.

\}Nhat ever is left in the wi ndow shoul d be assenbly | anguage
Translated assembly language instructions roll out of the top, or near end, of the peephole
window. The windav size is chosen so that the longest practical sequence of
guads/assembly can be handled. Making the windoduly lage has no further
adwantage, and instead increases the translation time by requiring more seafdteng.
peephole method can be applied individually to each basic block, or tuetiad bnear
stream of quads. The patterns to be matched can also rewrite assembly language opcodes
into more efficient opcodes.

The "shape" of the quads, i.e. the strategy used by the quad generator and the quad
scheme, influences this method. If the quads are very rich, it may be necesgpantb e

them into simpler operations before entering the wanddn order to find optimal
instruction sequences on some architectures, it may be necessappde gidden data

flow, eg. the use of condition codes.

It should be understood that the instruction selector is not necessarily expected to perform
well on arbitrary input sequences of quadismay depend on certain properties of the
guad generatpe.g. that all temporary names are assigned to just once aedaeaised.

If we look at the LLVM toolchain, it is tasked with the faitilt problem of accepting
arbitrary LLVM quad sequences (not necessarily those generated by a specific compiler)
and generating "optimal” target assembly from those.

In the examples belp we will use an informal syntax for describing the pattern
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matching/replacement engindt isn’t intended to be a literal implementation. In some
compilers, the pattern matching is coded on an ad-hoc b@#iiers, such as the GNU
family of compilers, define a complicated language for modelling tlgetaystem and
applying transformations. When the compiler is built for a particulgetathat language
is used to generate internal tables and code to perform the pattern matching.

Instruction Selection example, X86

Let's say we hae the following code fragment:
f()
L
Int 1;
int ary[16];
ary[i] ++;

This might produce the following IR sequence, using the nomenclatuveoysky
described in Unit 5We will make the observation that temporary names are Vikual
registers. Thg haveno assigned storage location, no explicit initialization, and no way to
take their address. On the other hand, program variables &mexistence in memory
and hae o be baded (either explicitly into a gester or implicitly via an addressing
mode) before use. The quad code Welollows the cowention that all temporary names
are represented by virtual registers.

% 1= LEA ary{l var}
% 2= MUL i{lvar},4
%Ir3= ADD %1, 9a2
%r4= LOAD [ %3]
%I5= ADD %4, 1

STORE 95, [ 93]

The pattern recognizer could be set up to recognize somethantyisk
Recogni ze:

% ega= LEA | ocal var (x)
% egb= MUL | ocal var(y), 4
% egc= ADD % ega, % egb
Repl ace:
nov| of fset (y) (Y%ebp), % egb
| eal of f set (x) (Y%ebp, % egb, 4) , % egc

In these patterns, %ga s a wldcard, matching anvirtual register but tracking it as
well, so that we can see the correspondence between the LEA imgfistarrand the use

of that register in the ADDLikewise localvar(x) is intended as a wildcard matching an
local variable value and giving it a wildcard nameafitset(x) will be replaced with the
offset (within the stack frame) of the local variable which has beesm ge wildcard
name x. This offset is clearly kmm to us at this time, since the entire function has been
seen and the stack frame has been laid out with offsets assigned to alkbteales.
E.g. lets assume that i has an offset of -4 from the %elgster and ary has an offset of
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-8. Thelowercase nomenclature indicates a translated assembly language instruction, vs
uppercase for quads.

Considering only the pattern al®the first two quads would be shifted into the peephole
but result in no matches. Then the third quaould create a match against the pattern.

But in general, there will be multiple pattern matches. E.g. there will be a pattern:
Recogni ze:

% ega= LEA | ocal var (x)
Repl ace

| eal of f set (x) (Y%ebp) , % ega

to handle the more general case where the address of the array is nesdestelisean
expression. Thigpattern will fire too early unless we modify the peephole algorithm
slightly. Instead of inserting quads one at a time, weyd grab groups of quads which
are larger than the longest pattekvthen multiple patterns match, we assign a metric or
"weight" to each match whiclavas the longest possible match.

Another pattern to pick up the load, add, store sequence and select the incl instruction

might be:
Recogni ze:
% egb= LQAD [ % ega]
% egc= ADD % egb, 1
STORE % egc, [ % ega]
Repl ace:

i ncl (% ega)

At this point, the following assembly instructions are in the window:

nov| -4(%bp), W2
| eal - 8(%bp, 992, 4), %3
i ncl (9a3)

Finally, another pattern might be written which matches not quads, but partially

constructed assembly code. It recognizes the addressing mode:
Recogni ze

| eal of f set (% ega, % egb, scal e), % egc

opX (% egc)

{% egc dead}
Repl ace

opX of f set (% ega, % egb, scal e)

Leaving us with:
mov| - 4(%ebp) , %2
i ncl - 8(%ebp, %@2, 4)

Thus in a CISC tget which is richer than our IR schema, the number of operations has
been consolidated during target code generation.

During register allocation, the virtual registers %TO, etc. would be replaced with actual
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registers. Notehat the last pattern was predicated on "%regc de®d'.cefined dead

and lve values in Unit 6. Consider that if %regc weneelgter this 2-instruction pattern,

it would not be proper to replace it with the single instruction, because an operation later
on the IR is depending on a validlve (the address of the array element) being ilgéore

If we control the "shape" of the quads so that we wowerrgenerate a % Txx temporary

that gets re-used, and the optimizer does not wind up causing it to be potentially re-used
via common subexpression elimination, then we could eliminate this/d#iad"
predicate.

Difficulties with 2-address targets

Most instructions in the X86 set are 2-address (there are also 1-address and 3-address
instructions), meaning that the destination operand is also one of the source operands.
This creates challenges in translating 3-address quadsldition, for most operations, it

is not allowed to specify both source and destination as memory operands. E.g.
extern int a,b,c;

a=b+c:

a{ gl obal } =ADD b{ gl obal }, c{gl obal }
One possible pattern sequence might be:
Mat ch

gl obal ( Z) =ADD gl obal (X), gl obal (YY)
Repl ace

nov| X, % egN

add Y, % egN

nov| % egN, Z

Here %regN denotes aweirtual register which is allocated on the fly.

If the instruction selection algorithm has information abowe™lvalues aaillable to it
(see belar under register allocation) then it can meakore informed decisions about

2-address issues.

Mat ch
% empC=  ADD % enpA, % enpB
{% enpB live}

If %tempB is lve dter this quad, we must emit:

Repl ace
nov| % enpB, % enmpC
addl % enpA, % empC

If we know that %tempB is dead after this quad, we can emit
addl % enpA, % enpB

and then alias %tempC to %tempB thereafser hat ary reference to %tempC as a
source operand is satisfied by %tempB.

Mor e trouble with X86 instructions
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Some X86 instructions require the use of specificsters. Nav let’s look at
extern int a,b,c;
a=b/ c;

c=DlV a, b

One might think that we can select instructions for DIV in a manner analogous to ADD.
But the X86 idv instruction (idv is for signed long division, diis for unsigned long) has

a peculiar restriction.lt is really a 1-address instruction. The dividend is actually a 64 bit
value and is alays in the register pair %edx:%eax (%edx is the most significant 32 bits).
The divisor may be a register or memory operand (but not immedidted).quotient is

placed in %eax, and the remainder in %edx (there is no separate MOD instruction).
Mat ch:

gl obal (2) = D Vv gl obal (X), gl obal (YY)
Repl ace:

{kill % eax}

nov| X, Y%eax

{kill %edx}

cltd

i di vl Y

nov| Y%eax, Z
The cltd instruction sign-extends the %eax register into the %eagistae and is
necessary to set up properly for a signed integer 32\hgti@h. (If this were unsigned,
we could clear edx with xorl %edx,%edx, and wand use the divl opcode insteadi)n
unfortunate consequence of thigisterspecific peculiarity is that we must violate our
nice clean model of keeping allgisters virtual during instruction selectiouring
register allocation, when the movl X,%eax is encountered, it will force wrat@lue
happens to be in the %eax register at the time to be spilled t®theakegister ailable
(unless that a@lue is no longerve). Likewse, the {kill %edx} notation will instruct the
register allocator to vacate the %edx register prior to the cltd instruction (which will
implicitly overwrite it).

Sometimes, thee is a 3operand form
X86 has a very limited set of actual 3-address instructidizs. example, thei nmul

instruction (signed integer multiply) has a 3-address form, but one of the source operands
must be immediate:

i mul | $3, %edx, Y%eax #valid

i mul | $3, - 4(%bp) , Yeax #al so valid

i mul | $3,-4(%bp), (%di) #not valid, two nem operands

i mul | Y%eax, Yedx, Yeax #not valid, need one imm operand

Instruction Selection example, SPARC
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This section references the dated SPARC architecture, but illustrates how instruction
selection is often vastly different between RISC and CISC architectures In the CISC
architecture xample abwe, the assembly output often contained fewer operations than
the IR form. This is because, in general, the CISC instruction set is mpressve than

our choice of quad schema (we’'sen some annoying exceptions, heevg

The RISC philosophis much closer to that chosen for our quads, in that it is inherently
3-address with a limited number of addressing modes. Thereforeowld @xpect that

the assembly output would be similar to our quads, if not an expansion, and ddge w

be little opportunity to coalesce sequences of quads into smaller sequences of assembly
Thus in mag ways our job of instruction selection will be easi®ecall our preious
example with quads:

o%r1= LEA ary
wW2= MUL i,4
%I3= ADD 91, %2
W 4= LOAD [ %3]
%I5= ADD %4, 1

STORE %5, [ 93]
In the X86 instruction set, we could access memory operands diledttipg SARC only
register-to-rgister operations are permittefVe will assume that during architecture-
neutral optimization, gnopportunities for placing variables into virtualgrsters safely

have keen identified and that code has been re-written to use the virtlislers.
Therefore, apreferences remaining to memory operands are required to be translated as
actual references to those memory operaddsuse the pattern-matching approach, we

would need to build a pattern for each of the three operand positions:
Recogni ze
Z=0P( O | ocal var (x),Y

Repl ace

I d [ 9% p+of fset(x)], % egN

Z= oP( O % egN, Y
Recogni ze

Z= oP( O Y, | ocal var ( x)
Repl ace

I d [ % pt+of fset(x)], % egN

Z= oP( O Y, % egN
Recogni ze

| ocal var(z) = oP( O XY
Repl ace

oP(O XY, % egN

st % egN, [ %6 p+of fset (z)]
Recogni ze

% ega= LEA | ocal var (x)
Repl ace

add % p, of fset (x), % ega
Recogni ze

% egc= ADD % ega, % egb
Repl ace

add % ega, % egh, % egc

Recogni ze
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% egb= ADD % ega, i mm( 1)
{Caveat: -4096<=Il<4096)
Repl ace
add % ega, | , % egb

Here OP(O) representsyawildcard quad operation, X/Y/Z are wildcard operands which
could be %T temporaries, immediate values, or local or global variables), and %regN is a

new virtual register which is assigned on the fApplying these patterns and assuming
that the offset of variable i is -84 and the offset of ary is -80:

add % p, - 80, %1
Id [ % p-84], %6
mul %6, 4, %2
add o1, %2, 93
Id [9r3], %T4
add %4, 1, 945
st %5, [ %3]

As discussed in Unit 7, SPARC instructions areagt a single 32-bit word, and there is
no room for immediate alues other than small ones. 13 bits aveilable for an
immediate value, and since thalwe is sign-extended to 32 bits, this limits the range of |
to -4096 through +4095To handle larger constants:

Mat ch
% egb= oP( O % ega, i nm
Repl ace
set hi %i (1), % egN
or % egN, % o( 1), % egN
oP( O % ega, % egN, % egb

A similar pattern needs to be in place for accessing memory operands which are global,
as there is no way to specify the 32-bit address directly.

Instruction Scheduling

The objectve d instruction scheduling is to change the order of instructions, where
possible, to impree the averlap of operations and minimize the total tima.order to do

this, the compiler constructs an internal model of the specific procegspeline
properties, such as the number &eéaition units sailable, the &ecution time of the
various instructions, etc. It then adjusts the timing of instruction issue to minimize the
delay of an instruction which stalls because it is waiting for a result from another
instruction.

We will not have ime during this course to discuss instruction schedulirige reader is
referred to the Dragon textbook for an introductory presentation.

Register Allocation

The instruction selection phase cawrige the generic IR into one in which there is a
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clear distinction between memory symbols and registers, because at this poimtsit kno
the target architecture and the means used to access parametersariabétsy etc.
However, it is not yet practical to allocate specifigrsters. Asve hare £en, we can use
virtual registers such as %reg0 and complete instruction selection.

Then, the job falls to the register allocator to mdke best use of the realgrsters,
mapping the virtual registers to real registers, and inserting additional instructions as
needed. Theet of physical registers is usually limited, which makes this an interesting
problem.

In order to do its job, the register allocator must be able to track #eae'ss" of virtual
registers, i.e. could theale in that virtual register be used at a subsequent reachable
point in the code prior to the virtual register beingerarritten. In Unit 6, we sa
algorithms for analyzing this information.

Local Register Allocation

A local register allocator works only within a single basic block, and works on an
operation-by-operation basis. It maintains a "scoreboard" representing the pool of
general-purpose gesters. Br each rgister we track if the register is currentlyalable

or allocated to a specific name (virtuajister). Thealgorithm can be summarized:

for(i=1;i<=Ni++) [/ opcodes numbered 1..N
{
consi der opcode i,
if srclis a virtual register:
rx=ensure(srcl)
remite srcl to use %X
if src2 is a virtual register:
ry=ensure(src2)
rewite src2 to use %y
if (srcl is dead after operation i)
mark rx free
if (src2 is dead after operation i)
mark ry free
if dst is a virtual register:
rd=al | ocat e(dst)
remwite dst as %d
mark % d as dirty

}
spill all dirty registers live at end of this BB

ensure(vr)

{

if aregister is already allocated to vr, return that register
r=al | ocat e(vr)

emit code to move vr fromits backing store to r

return r
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}
al l ocate(vr)
{
pi ck an avail able free physical register r
if there is none:
pi ck the "best" physical register r to spil
it currently contains virtual register X
if (Xis live after this quad and r is dirty)
emt code to store % to backing store for X
mark register r as containing vr
return r
}

R I I R R I I O R R I O S I O I I I R I I R R O I R R S S O O

The "Scoreboard”, exanple for X86-32

Phys Reg Contains C'D Fl ags/ properti es

eax %l d ean group_scratch, func_rv
ebx -free- --- group_l ongterm

ecx i{lvar} Dirty group_scratch

edx z{ gl obal } d ean group_scratch

edi -free- --- group_l ongterm

esi %2 Dirty group_l ongterm

R I I R R I I O R R I O S I O I I I R I I R R O I R R S S O O

Register Spills

Consider each operation in the basic block. If the number of virtual registers which are
live & that point exceeds the number of physical registers in the pool, then the allocator
will be forced tospill a regster The allocator will only spill ke Jrtual registers. Ifa

virtual register is dead after a particular operation, then it would be marked a$nfree.
order to spill a virtual gster which is e, its contents must besal somavhere. Later

on, when the alue is needed again as a source operand, it will be fetched back into a
physical rgister The backing location will either be an absolute memory address for the
case of global variables, or a place on the local stack frame for local and temporary
variables. Theegister allocator is architecture-specific so it knows hwload and store
these values.

It would be unusual for a temporary variable to spulost temps are shortvied. If the
target architecture has a very limited supply of registers andasating a comple
expression, it is possible that this will happen. Since temporaries dave a defined
place in memorywe will need to create phantom local variable slots to hold théfeil |

need to tally up the highest number of these spill slots that are in usevet ange, and
resene that mary slots in our function prologue as if hevere declared local variables.

Often the register allocator must deal with multiple groups gisters which see
different purposes and must be dealt with as separate allocation pools. E.g. floating point
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Vs integer rgisters. Theaegister allocator can also usedness, or whether a particular
virtual register is a temporary vs a source program name, as hwasdgsteering the
allocation tevards a particular group of gesters. E.gon the X86 architecture, short-
lived values should gravitatewards the rgister set (%eax, %ecx, %edx) because these
are callersave regsters and arexpected to be lost across function cal&isters in the
(%ebx, %edi, %esi) set should be used for longer-term valuesyadahet need to be
saved and restored after each function callikewise on the S&RC architecture we
should use %gl..%qg7 for short-term values, %I0..%I7 for long-term values, and
%00..%07 for values which are to be used garaents to a function call. (Refer to Unit

7 for more information about the register model of X86 and SPARC)

As a further impreement, the register allocator can track if a particular physicgdtes

is "dirty". If a value has been written into that register and then ¥leewilue in that
register needs to be spilled, a write-back to backing store is ne@iedf the value is

clean, then an identical value already exists in backing store and no write-back is needed.
The allocator may then prefer to spill clean values dirty ones.

Because the local allocator looks only at one basic block, it does na& dfiadient
decisions about which registers to spill. One possible metric is to look at all of the virtual
registers currently in physical registers and pick the one whose use as a source operand is
furthest avay in the basic block.

Another serious problem of a local allocator is that it must spillvartual registers at
the end of the basic block. Consider this sequence of quads, which might be generated as
part of a ternary operator expression:

BB1:
%/Rx= ADD a, b
BRx X BB3
BB2:
%/Rx= ADD q,r
BRx X BB3
BB3:
WRz= ADD %WRX, WRy

The virtual register %VRx isve a exit from both BB1 and BB2, because controiaffo

from each to BB3 and %VRXx is used in BB3 without being redefindggbn entry to

BB3, the "scoreboard" is blank, and %VRx must be fetched from its backing store into a
physical register before being used. Therefore, the updaties wf %VRXx must hae
previously been placed in that memory location prior to branching out of BB1 and BB2.
One might think that this can beaded by simply assigning the sameypital rajister

to %VRX in both basic blocksubsince the local allocator works only on the local basic
block, it does not heae the power to do this.

Global Register Allocation
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After performing lveness analysis on an entire function, weeha Ist of live ranges.

DEF: Alive rangeis a contiguous range of quads (or assembly language opcodes) in one
basic block where a\gn name/virtual rgister is lve. A given virtual register will hae

one or more \ie ranges. Br example, we hee the following Ive range data:

%/R1: 1:1-5
NWR2: 1:4-7
2:3-8
%/R3: 1:8-10
2:5-6

Now we can construct a graph (conceptuailydoesnt haveto be implemented as a
graph) which represents the interference amovey inges. Eaclvirtual register is a
node, and if there is a (non-directional) link to another node, it means that vkeir li
ranges wverlap atsome point. Hereis the graph for the three virtual registers\abo

%VR1 %VR2

Given this interference graph, global register allocation is the classic map or graph
coloring problem. If there ar@ registers &ailable for general use (as opposed to
specialized registers, or registers which are held in redercertain purposes), then is
the interference graph colorable with jastolors, such that for each node, each adjacent
node is a dferent color? If so, then all of the names under consideration can be
permanently allocated to those general-purpogesters. Ifnot, there are a variety of
algorithms to pick which names go into which registers.

In the following examples, let us assume that wesHaree registers to avk with called
A, B and C. In thexample abwe, we @an color the graph with just twoolors, say A
and B. Now we introduce virtual registers %VR4 and %VR5 whichvéhathe
interferences depicted below:
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N
%Vly %VR2

%VR4 |

\ /

\_

We a@an still color this graph with three colors, so it is possible to allocafistees
without spilling. Nav we introduce an interference between VR3 and 5:

%Vly %VR2

%VR5
/ /, \\ /
/ \
“ |

| %VR4

@
>

'
i
’
’

/

\
\ /

We @an' color this graph, so nmo there would be decisions to be made. First, we can
malke the observation that gmode with fewer tham neighbors can alays be colored,

i.e. it can own a register slot withoutygpossibility of interference. Then the remaining,
uncolorable nodes need to be prioritized in some man@ae method might be to
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estimate hev mary times that name might be accessed. Another factor might be the
number of interferences of that nodéthe node interferes with mgmodes, it might be

a good candidate for "spilling” to memagmyecause doing so will impve the colorability

of mary other nodes.

Another approach is "range splitting." Let us say that one part ofvin@ahge of VR5
interferes with VR2 and 3,ub not VR4, and the remaining part interferes with 3 and 4,
but not 2. Then we can split VR5 into 5a and 5b:

N A
%VRZLJ %VR2

C

L
[ \\
| %VR5a |
N4

%VR4

\ /

This abae gaph is nav colorable again using three colors and we tineéd to spill. In

the "a" part VR5 goes in register C and co-exists with VR2 in register A and VR3 in
register B. Then later in the code, VR5 is assigned to again, but this time occupies
register A.

If there isnt a natural opportunity for range splitting, then weséd introduce spills.In

the abee example, if VR5 didnf naturally hae two live ranges with the abe
interference properties, we could artificially create this by spilling register C back into
VR5 at the end of the "a"gen of code, and then loading it back into register A prior to
it being referenced again in the "b" portion of the code.

This first cut at global allocationvedys puts a specific virtual register into a certain
physical rgyister In a nore optimal solution, the virtual register could reside ifedint
physical registers at different places in the code. do this requires a mechanism for
tracking the relationship between definitions and usesxemple, through SSA form as
described in the Optimization unit.



