RUTGERS

CS5415 Compilers

Register Allocation
Part 4
and
Lexical Analysis




RUTGERS Announcements

« Second homework due this Wednesday, February 16.
Need an extension?

* First project (local instruction scheduler) has been posted
Deadline for code: March 2
Deadline for report: March 4

* First midterm: Wednesday, February 23
In class exam, 60 minutes,
Topics: ILOC, instruction scheduling, register allocation

e Spring recess: March 12 - 20
* Final exam (exam code C): Tuesday, May 10

1:00pm - 2:00pm
In person, location TBD
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RUTGERS Local Register Allocation (and Assignment)

Readings: EaC 13.1-13.2, Appendix A (ILOC)

Local: within single basic block
lobal: across procedure/function

@
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RUTGERS  Bottom-up Allocator

The idea:
* Focus on replacement rather than allocation
* Keep values "used soon" in registers

* Only parts of a live range may be assigned to a physical
register ( # top-down allocation’s "all-or-nothing" approach)

Algorithm:

* Start with empty register set

* Load on demand

* When no register is available, free one

Replacement (heuristic):
* Spill the value whose next use is farthest in the future
* Sound familiar? Think page replacement ...
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RUTGERS  Our Example: Live Ranges

> Live Ranges
1| loadI 1028 =r1 // rf
2| load rl =r2 //rir2
3 mult rl,r2 =r3 //rircr3
4 loadI 5 =rd //rirZ2r3r4
5 sub rd,r2 =rb /J/rli r3 rb5
6 loadI 8 =r6 /J/rl r3 rb5ré6
7| mult rb5,r6 =r7 [/ rli r3 r7
8 sub r7,r3 =r8 //ri ré8
9 store r8 =rl //

NOTE: live sets on exit of each instruction
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RUTGERS ~ An Example : Bottom-up

memory layout

» Bottom up (3 registers to allocate) 0 "
spi

1| loadI 1028 =rl //rl addresses
2| load rl =r2 //rir2 1024
3 mult rl,r2 =r3 //rircr3
4 loadI 5 =r4 //rir2r3r4
Bl sub rd,r2 =r5 /J/rli r3 r5 data
6 loadI 8 =r6 //ri r3 rb5ré addresses
7| mult rb5,r6 =r7 [/ rli r3 r7
8 sub r7,r3 =r8 //ri ré8
9 store r8 =rl //
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RUTGERS ~ An Example : Bottom-up

» Bottom up (3 physical registers to allocate: ra, rb, rc)

register allocation and
assignment(on exit)

loadI
load
mult
loadI
sub
loadI
mult
sub
store

OCOoONOTOITPWN =

Note: This is only one possible allocation and assignment!
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source code

1028
ri
rl, r2
5
r4, r2
8
rb, ré
r/7,r3
r8

= rl
= ré
= r3
= r4
= rb
= ré
= r/
= r8
= rl

life ranges

// rl

/! rlr2

/! rirr3
/] rir2r3ré4
/] rir5r3
// rir5r3ré
/] rir7r3
// rir8

//

Lecture 8

ra

ri
ri
ri
r4
r4
ré
ré
ré
rl

rb

ré
ré
ré
rb5
rb5
r/
ré
r8

rc

r3
r3
r3
r3
r3
r3
r3



RUTGERS ~ An Example : Bottom-up

» Bottom up (3 physical registers to allocate: ra, rb, rc)

register allocation and
assignment(on exit)

source code
1 |loadI 1028
2 | load rl
3 | mult rl, r2
4 | |loadI 5
51 sub r4 r2
6 | loadI 8
7 | mult rb, ré
8 | sub r7,r3
9| store r8
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= rl
= re
= r3
= r4
= rb
= ré
= r/
= r8
= rl

Let's generate code now!
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ra

ri
ri
ri
r4
r4
ré
ré
ré
rl

rb

ré
ré
ré
r5
r5
r/
ré
r8

rc

r3
r3
r3
r3
r3
r3
r3



RUTGERS ~ An Example : Bottom-up

» Bottom up (3 physical registers to allocate: ra, rb, rc)

register allocation and
assignment(on exit)
source code ra rb rc
write
1 |loadI 1028 :>“ .
2 | load rl = re ri ré
3 | mult rl, re =r3 ri re r3
4 | |loadI 5 = r4 r4 re r3
51 sub rd r2 —=rb r4 rb r3
6 | loadI 8 = ré ré ro5 r3
7 | mult r5,r6 =r7 ré r7 r3
8 | sub r7,r3 =r8 ré ré r3
9 |store r8 = rl ri r8 r3

For written registers, use current register assignment.
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RUTGERS ~ An Example : Bottom-up

» Bottom up (3 physical registers to allocate: ra, rb, rc)

loadI
load
mult
loadI
sub
loadI
mult
sub
store

OCOoONOTOITPWN =

source code

028

rl, r2
5
r4 r2
8
rb, ré
r7,r3
r8

= ra
= ré
= r3
= r4
= rb
= ré
= r/
= r8
= rl

ra
read __(::)
| read
rl
rl

r4
r4
ré
ré
ré
ri

rb

ré
ré
ré
rb5
rb5
r/
ré
r8

For read registers, use previous register assignment.
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register allocation and
assignment(on exit)

rc

r3
r3
r3
r3
r3
r3
r3
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RUTGERS ~ An Example : Bottom-up

» Bottom up (3 physical registers to allocate: ra, rb, rc)

loadI
load
mult
loadI
sub
loadI
mult
sub
store

OCOoONOTOITPWN =
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source code

1028
ra
rl, r2
5
r4, r2
8
rb, ré
r/7,r3
r8

register allocation and
assignment(on exit)

Lecture 8

ra rb
write f{ (l!’
'l
rl r
r4 re
r4 rb5
ré rb5
ré r7
ré ré
rl r8

rc

r3
r3
r3
r3
r3
r3
r3
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RUTGERS ~ An Example : Bottom-up

» Bottom up (3 physical registers to allocate: ra, rb, rc)

register allocation and
assignment(on exit)

source code
1 |loadI 1028 = ra
2 | load ra = rb
3 | mult ra,rb = rc

storeAI ra—= r0, @rl
4 | |loadI 5 = r4
51sub r4i re =—=rb
6 | loadI 8 = ré
7 | mult r5,r6 =r7
8 |sub r7,r3 =r8
9 |store r8 = rl
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spill code

Insert spill code.
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ra

ri
ri
ri
ri
r4
r4
ré
ré
ré
ri

rb

ré
ré
ré
ré
r5
r5
r/
ré
r8

rc

r3
r3
r3
r3
r3
r3
r3
r3
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RUTGERS ~ An Example : Bottom-up

» Bottom up (3 physical registers to allocate: ra, rb, rc)

register allocation and
assignment(on exit)

source code
1 |loadI 1028 = ra
2 | load ra = rb
3 | mult ra,rb = rc

storeAI ra—= r0, @rl
4 | |loadI 5 = ra
51sub ra,rb =rb
6 | loadI 8 = ra
7 | mult rb,ra = rb
8 | sub rb,rc =rb
9 store r8 = rl
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spill code
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ra

ri
ri
ri
ri
r4
r4
ré
ré
ré
ri

rb

ré
ré
ré
ré
r5
r5
r/
ré
r8

rc

r3
r3
r3
r3
r3
r3
r3
r3
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RUTGERS ~ An Example : Bottom-up

» Bottom up (3 physical registers to allocate: ra, rb, rc)

register allocation and
assignment(on exit)

source code
1 |loadI 1028 = ra
2 | load ra = rb
3 | mult ra,rb = rc

storeAI ra—= r0, @rl
4 | |loadI 5 = ra
51sub ra,rb =rb
6 | loadI 8 = ra
7 | mult rb,ra = rb
8 | sub rb,rc =rb

loadAI rO, @rl = ra
9 |store r8 = rl
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spill code

spill code

Insert spill code.

Lecture 8

ra

ri
ri
ri
ri
r4
r4
ré
ré
ré
ri
rl

rb

ré
ré
ré
ré
r5
r5
r/
ré
ré
r8

rc

r3
r3
r3
r3
r3
r3
r3
r3
r3
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RUTGERS ~ An Example : Bottom-up

» Bottom up (3 physical registers to allocate: ra, rb, rc)

register allocation and
assignment(on exit)

source code
1 |loadI 1028 = ra
2 | load ra = rb
3 | mult ra,rb = rc

storeAI ra—= r0, @rl
4 | |loadI 5 = ra
51sub ra,rb =rb
6 | loadI 8 = ra
7 | mult rb,ra = rb
8 | sub rb,rc =rb

loadAI rO, @rl = ra
9 | store rb = ra
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spill code

spill code

Done.
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ra

ri
ri
ri
ri
r4
r4
ré
ré
ré
ri
rl

rb

ré
ré
ré
ré
r5
r5
r/
ré
ré
r8

rc

r3
r3
r3
r3
r3
r3
r3
r3
r3
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RUTGERS  Spilling revisited

» Bottom up (3 physical registers to allocate: ra, rb, rc)

register allocation and
assignment(on exit)
source code ra rb rc
1 |loadI 1028 = ra | create value ri
2 | load ra = rb rl ré
3 | mult ra,rb = rc rl ré r3
no spill code ri ré r3
4 | |loadI 5 = ra r4 re r3
51sub ra,rb = rb r4 rb r3
6 | loadI 8 = ra ré ro5 r3
7 | mult rb,ra = rb ré r7 r3
8 | sub rb,rc =rb ré ré r3
loadI 1028 = ra | recreate ri r8 r3
9 | store rb = ra ri r8 r3

Rematerialization: Re-computation is cheaper than store/load to memory
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RUTGERS  Bottom-up spilling revisited

source code example

—

add rl, re =r3
2 |add ri rb —rb6

x | Need to spill either r3 or ré6 ; both used farthest in the future

y |add r3,r6 = ra7

Should r3 or ré be spilled before instruction x
(Assume neither register value can be rematerialized) ?
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RUTGERS  Bottom-up spilling revisited

source code example

—

add rl, re =r3
2 |add ri rb —rb6

x | Need to spill either r3 or ré6 ; both used farthest in the future

y |add r3r6 = ra27

Should r3 or ré be spilled before instruction x
(Assume neither register value can be rematerialized) ?

What if r3 has been spilled before instruction x, but ré has not?
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RUTGERS  Bottom-up spilling revisited

source code example

Spilling clean vs. dirty virtual
registers: clean is cheaper!

—

add rl, re =r3
2 | add ri rb —rb6

x | Need to spill either r3 or ré6 ; both used farthest in the future

y |add r3r6 = ra27

Should r3 or ré be spilled before instruction x
(Assume neither register value can be rematerialized) ?

What if r3 has been spilled before instruction x, but ré has not?
Spilling clean register (r3) avoids storing value of dirty register (ré).
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RUTGERS The Front End

EaC Chapter 2

Source . Front
code - End

IR

Back
End

Machine

code

> Errors

The purpose of the front end is to deal with the input language
* Perform a membership test: code € source language?

* Is the program well-formed (semantically) ?

* Build an IR version of the code for the rest of the compiler

The front end is not monolithic
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RUTGERS The Front End

Source

A 4

code

Scanner

Scanner

tokens

Parser

IR

> Errors

* Maps stream of characters into words/tokens [ speed is an issue in

— Basic unit of syntax

- X =X+Yy . becomes

<id, x> <eq,=> <id x> <pl,+> <«id y> <sc,; >

scanning

— use a specialized
recognizer

* Character sequence that forms a word/token is its /exeme

* Tts part of speech (or syntactic category) is called its foken type
* Scanner discards white space & (often) comments
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RUTGERS The Front End

Source tokens IR
code Scanner > Parser
> £
Parser rrors
* Checks stream of classified words (fokens) for grammatical
correctness

* Determines if code is syntactically well-formed
* (Guides checking at deeper levels than syntax (static semantics)
* Builds an IR representation of the code

We'll get to parsing in the next lectures
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RUTGERS  Next topic

More Lexical Analysis

Read EaC: Chapters 2.1 - 2.5;
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