Exploiting Dead V alue Inf orma tion

Amir Roth

Milo M. Mar tin, Char les N. Fischer

amir ,milo,fischer@cs .wisc.edu

Computer Sciences Depar tment Univer sity of W isconsin-Madison

Exploiting Dead V alue Inf orma tion © 1997 Amir Roth UW -Madison

Slide 2

Motiva tion - Dead V alues

r1 ← ← r1

r1 ←

Definition to r1 Last use of value in r1

No computation using value in r1

Ne w definition to r1

value in r1 becomes dead after last use → too late

P

P

? Processor s waste r esour ces m anaging dead v alues

Dead V alue : no longer needed f or computation

processor disco vers at ne w def

This work: Reduce w aste f or dead r egister v alues

Exploiting Dead V alue Inf orma tion © 1997 Amir Roth UW -Madison

Slide 3

Motiva tion II - Exploiting Dead V alues

r1 ← ← r1

r1 ←

What could pr ocessor do if it kne w r1 is dead bef ore ? ?

P

Dead v alues do not need to be stor ed

Dead v alues do not need to be spilled to memor y

→ free ph ysical r egister s for dead v alues

→ eliminate sav es/r estor es of dead v alues in

procedur e calls/context switches

Exploiting Dead V alue Inf orma tion © 1997 Amir Roth UW -Madison

Slide 4

Motiva tion III - Exploiting Dead V alue Inf orma tion

r1 ← ← r1

r1 ←

kill r1 Ne w kill instruction says value in r1 is dead P C

Compiler and Pr ocessor Cooper ate

→ mar k last uses to pr ovide pr ocessor with

Kill instruction often not necessar y (later) compiler kno ws last r egister uses statically C

Dead V alue Inf ormation (DVI)

Exploiting Dead V alue Inf orma tion © 1997 Amir Roth UW -Madison

Slide 5

Outline

• Motiv ation • Applications of D VI

O Reducing ph ysical r egister r equir ements O Eliminating dead pr ocedur e sav es/r estor es O Eliminating dead context-switch sav es/r estor es • Implementation cost of D VI • Summ ar y

Exploiting Dead V alue Inf orma tion © 1997 Amir Roth UW -Madison

Slide 6

Applica tion 1 - Ear ly Physical Reg ister Rec lama tion

Use DVI to reclaim dead ph ysical r egister s ear ly

+ Reduce ph ysical r egister r equir ements

→ Build sm aller r egister files/bigger OOO windo ws

r1 ← ← r1

r1 ←

kill r1

Ma p x p1

no mention of r1 p1 p1 p1 1

1 value in r1 not used

→ r1 doesn’ t need a

ph ysical r egister in

r1 slice p1 p1 p1 p2

3 2 reclaim p1 w hen kill r1 commits nor mally reclaim p1 when r1 ← commits 3 2

R10K style OOO m achine

Exploiting Dead V alue Inf orma tion © 1997 Amir Roth UW -Madison

Slide 7

Mechanism - Ph ysical Reg ister Rec lama tion

• Live Value Mask (LVM) trac ks value liv e/dead state

O One bit per ar chitectur al register (m a p ta ble entr y)

LVM Ma p - L L D - p1 p1 p1 D p1

1 mar k Live on r1 ←

mar k Dead on kill r1 1 2 2

r1 slice

At decode stage:

r1 ← ← r1

r1 ←

kill r1 p1 p1 p1 D D D p2 L When kill r1 commits

free p1

3

3

Exploiting Dead V alue Inf orma tion © 1997 Amir Roth UW -Madison

Slide 8

Exper iment - Ef fect of Ph ysical Reg ister s on IPC

• 4 wide super scalar , OOO (unconstr ained windo w) • Aggr eg ate IPC f or SPECint95

O IPC peaks at 60-80 ph ysical r egister s (typical) O IPC degr ades shar ply belo w ~45 r egister s

44 regs , 86% peak IPC

34 regs , 35% peak IPC

Exploiting Dead V alue Inf orma tion © 1997 Amir Roth UW -Madison

Slide 9

Results - Reg ister Usage Reduction

• Repeat with D VI and ear ly reclam ation

O Achie ve near peak IPC with f ew ph ysical r egister s

→ μArch with ~40 ph ysical r egister s mor e a ppealing

44 regs , 97% peak IPC

34 regs , 91% peak IPC

Exploiting Dead V alue Inf orma tion © 1997 Amir Roth UW -Madison

Slide 10

Applica tion 2 - Pr ocedur e sav es/r estor es

Use DVI to eliminate dead callee sav es/r estor es + Reduce loads/stor es executed

→ Amplify ef fectiv e data cache bandwidth

← r16

r16 ←

kill r16

call pr oc1

sav e r16

r16 ← ← r16

restor e r16 retur n 1

1 value in r16 dead bef ore proc1

→ don’ t sav e and r estor e it

Why does this ha ppen?

proc1 and caller compiled separ ately ?

multiple paths to call

→ inter procedur al opt’ s

not completely ef fectiv e

Exploiting Dead V alue Inf orma tion © 1997 Amir Roth UW -Madison

Slide 11

Mechanism - Pr ocedur e Sav e/Restor e Elimina tion

• Implement sav es/r estor es as predicated instructions O Predicated = potentially not executed • Use LVM as pr edicate

← r16

kill r16 call pr oc1

sav e r16

r16 ← ← r16

restor e r16 retur n

r16 ←

LVM L L D D D L L L D

1 2

1 2 restor e not eliminated eliminate sav e

r16 slice

? → Sav e cop y of DVI from

Why not? Interference in L VM

kill r16 on the side

Exploiting Dead V alue Inf orma tion © 1997 Amir Roth UW -Madison

Slide 12

Mechanism II - Pr ocedur e Sav e/Restor e Elimina tion

• LVM-Stac k trac ks DVI from pr ocedur e entr y to exit • Use top of L VM-Stac k as pr edicate • Push/pop on call/r etur n (implicitly)

← r16

kill r16 call pr oc

sav e r16

r16 ← ← r16

restor e r16 retur n

r16 ←

LVM L L D D D L L L D

LVM-Stac k

D D D D D

1

4

2 3

1 2 3 4 push LVM (call)

eliminate sav e

pop L VM (retur n) eliminate r estor e

Time r16 slice x x x x x x x x x x x x x x x x x x Exploiting Dead V alue Inf orma tion © 1997 Amir Roth UW -Madison

Slide 13

Results - Pr ocedur e Sav es/Restor es Elimina ted

• 46% of callee sav e/r estor e code not executed • Data cache accesses r educed 11% • Instructions executed r educed 5%

Exploiting Dead V alue Inf orma tion © 1997 Amir Roth UW -Madison

Slide 14

Results - Speedups

• 4 wide super scalar , 64 windo w OOO

O 5% speedup with 1 data cache por t O 3% speedup with 2 data cache por ts

Exploiting Dead V alue Inf orma tion © 1997 Amir Roth UW -Madison

Slide 15

Applica tion 3 - Conte xt Switch Sav e/Restor e Code

Use DVI to eliminate sav es/r estor es in switch code + Potential benefit f or m ultithreaded a pplications + Can handle pr eemptiv e switches

← r16

r16 ←

kill r16

sav e r16

restor e r16 suspend conte xt

resume conte xt

1 value in r16 not used after the switch

→ don’ t sav e and r estor e it

Why does this ha ppen?

Switch m anager cannot ? kno w w hich v alues ar e dead 1

Exploiting Dead V alue Inf orma tion © 1997 Amir Roth UW -Madison

Slide 16

Results - Conte xt Switch Sav es/Restor es Elimina ted

• Appr oximate dead v alue count at pr eemptiv e switch O Single-thr eaded pr ogr ams (SPECint95) O Sample L VM • 51% of integer sav e/r estor e code not executed

Exploiting Dead V alue Inf orma tion © 1997 Amir Roth UW -Madison

Slide 17

Do I really hav e to add all these instr uctions?

• So far, DVI given explicitly using killinstructions ( E-DVI) - Ov erhead, ne w kill instruction

• Some D VI implicit in calling con vention ( I-DVI) O Caller -sav ed r egister s dead at function entr y/exit + No o verhead + No ne w kill instruction

• Our implementation

O I-DVI for caller -sav ed r egister s O Supplement with E-DVI for callee-sav ed r egister s - One inst bef ore e ver y call (m ask kills up to 8 r egs)

Exploiting Dead V alue Inf orma tion © 1997 Amir Roth UW -Madison

Slide 18

How ef fectiv e is I-D VI?

• Ver y effectiv e for register file optimization

+ 89% peak IPC at 34 r egister s (vs 91%)

• Not ef fectiv e for pr ocedur e sav e/r estor e elimination - No I-DVI for callee-sav ed r egister s + One E-D VI instruction bef ore e ver y call suf ficient

• Effectiv e for thr ead switch sav e/r estor e elimination + 41% of integer sav es/r estor es eliminated (vs 51%)

• Intuition?

O “Housecleaning ef fect”

Exploiting Dead V alue Inf orma tion © 1997 Amir Roth UW -Madison

Slide 19

Summar y

Benefits of D VI

O Physical r egister r equir ements reduced (up to 50%) O Procedur e sav es/r estor es reduced 46%, IPC up 5% O Context switch sav es/r estor es reduced 51%

Implementation Cost of D VI

O I-DVI sufficient f or m an y optimizations and fr ee O Only a f ew instr uctions added to ISA O Simple and sm all har dw ar e str uctur es O No corr ectness sem antics = no leg ac y problems

DVI = Significant Benefits + Lo w Implementation Cost