Low-Level | ssues

Announcements
b Partners for proje@?

Last lecture
b Livenessanalysis

Today
D Register allocation

Later
D More register allocation
D Instruction scheduling
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Register Allocation

Problem

B Assign an unbounded numbersgmbolic registers to a fixed number of
architectural registers

b Simultaneously live data must be assigned to different architectural
registers

Goal
D Minimize overhead of accessing data
D Memory operations (loads & stores)
b Register moves
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Scope of Register Allocation

Expression
Local
Loop

=) Global

Interprocedural
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Granularity of Allocation

What is allocated to registers?
b Variables
b Live ranges/Websd .,du-chainswith common uses)
b Values (.e.,definitions; same as variables with SSA)

Variables: 2 (x &)
Live Ranges/Web: 3 it t,,t,;

bt Y 1= X by ta - X ... t,!
tg X 1= y+l tg: x 1= 3 tots ! to)
Values: 4, G, t b, (ta1s)
by t,: X

What are the tradeoffs?
Each allocation unit is given a symbolic register naeng (s 1, s2, etc.)
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Global Register Allocation by Graph Coloring

Idea [Cocke71], First allocator [Chaitin 81]

1. Construcinterference graphG=(N,E)
PRepresents notion @simultaneously liv®
DNodes are units of allocation.§., variables, live ranges)
b" edge(n,,n,) # Eif n, andn, are simultaneously live
BSymmetric (not reflexive nor transitive)

2. Find k-coloring of G (for k registers)
PAdjacent nodes c@hhave same color

3. Allocate the same register to all allocation units of the same color
DAdjacent nodes must be allocated to distinct registers
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Interference Graph Example (Variables)

a =
b :=
c =.
L. a
d:=
oo doL
a ‘= ...
oodo
e = ..
a .
e .
b .
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Computing the Interference Graph

Use results of live variable analysis

for eachsymbolic-registes, do
for eachsymbolic-registers, (j < i) do
for eachdef # {definitions ofs} do
if (5 is live at defthen
E$ E%(s.S)

Options
D pg. 217 in Tiger book, treat all instructions the same

D pg. 213-214 in Tiger book, treat MOVE instructions special
D whichis better?
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Livenessin the MiniJava compiler

Graph Node
List<Node> nodes() List<Node> succ()
Node newNode() List<Node> pred()
void addEdge(Node to, Node from)

List<Node> adj()

Fl ph

abstract List<Node> def(Node n)
abstract List<Node> use(Node n)
abstract boolean isMove(Node n)

InterferenceGraph
Graph.Node tnode(Temp.Temp t)
Temp.Temp gtemp(Node n)
List<Node> moves()

AssemFlowGraph Liveness
Instr instr(Node n) Liveness(FlowGraph flo
AssemFlowGraph(List<Assem.Instr> instrs) P W)
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Allocating Registers Using the Interference Graph

K-coloring
D Color graph nodes using upkeolors
b Adjacent nodes must have different colors

Allocating to & registers&finding a k-coloring of the interference graph
b Adjacent nodes must be allocated to distinct registers

But. . .
D Optimal graph coloring is NP-complete
D Register allocation is NP-complete, too (must approximate)
D What if we cafd k-color a graph? (muspill )

Register Allocation: Spilling

If we can® find a k-coloring of the interference graph
D Spill variables (nodes) until the graph is colorable

Choosing variables to spill
B Choose arbitrarily or
b Choose least frequently accessed variables
b Break ties by choosing nodes with the most conflicts in the interference
graph
P Yes, these are heuristics!

Simple Greedy Algorithm for Register Allocation

for eachn# N do { selectn in decreasing order of weight }
if ncan be colorethen
doit { reserve a register for}
else

Remove n (and its edges) from graph { allocate stack (spill) }

Example

Attempt to 3-color this graph (] [ I )

Arbitrary order:

® "o 0 Tw

What if you use a different order?




Example Improvement #1: Simplification Phase [Chaitin 81]

Attempt to 2-color this graph (] [ ) Idea
D Nodes with <k neighbors are guaranteed colorable
dehtzd order: Remove them from the graph first
'F b P Reduces the degree of the remaining nodes
/ c

Must spill only when all remaining nodes have degree &
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Simplifying Graph Allocators Algorithm [Chaitin81]
Chaitin Briggs while interference graph not empdyp
while " a noden with <k neighborsdo
N Removen from the graph simplify
Pushn on a stack
- - if any nodes remain in the grafiten{ blockedwith >= k edges }
‘ } Pick a noden to spill { lowest spill-cost or } spill
) Addn to spill set { highest degree }
Removen from the graph
E“E E@ if spill set not emptyhen
Insert spill code for all spilled nodes { store after def; load before use }
Reconstruct interference graph & start over

while stack not emptgo
Pop noden from stack color or select
Allocaten to a register

simplify simplify
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Moreon Spilling

Chaitin @ algorithm restarts the whole process on spill
D Necessary, because spill code (loads/stores) uses registers
b Okay, because it usually only happens a couple times

Alternative
b Reserve 2-3 registers for spilling
B Dond need to start over
b But have fewer registers to work with
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Spilling (Original CFG and Interference Graph)

Spilling (After spillingb)

a = ...
b, 1= ...
Mtp+d] := b,
c =.
. a ...
d:=

oo doL

fo=...
R«
e = ...

f.o..
P
b, = Mfp+4]
b, .
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a:=
b :=
c =.
L. a
d:=
oo doL
foo=...
... d
e = ..
f.
e
b
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Example

Attempt to 3-color this graph (] [ Il )

Stack: Possible order:
d e
c a
b f
f b
a c
e d
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Next Time

Lecture
D More register allocation
D Allocation across procedure calls




