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BOTTOM-UP GREEDY
(BUG . ASSIGN-MES)

This module assigns MEs to each VN, using an algorithm inspired by the
top-down greedy register allocation. This algoritha is “"bottom-up®
because we drav our dags right (emtrance at the top, exit at the bottom).

The general algorithm is recursive -- choose functional units for the
operands of & VN, then choose a functional unit for the VN based on
those chosen for the operands. A VN 1s aseigned only after all its
operands and constraining VNs are assigned. When choosing functional
units for the operands of a VN, we are "mindful” of the intended
destination of the VN and the possible functional-units the VN can be
done on.

When recursing up through the DAG, the VNs with greatest depth are done
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{ (det use)
(:= (vn:likely-mes vn)
(loop ;zor}(;e register) in (vn:locations vn) ) (save
me
(copy
(:= (vn:likely-mes vn) () ) )
(operation
(:= (vn:1ikely-mes vn)
(loop (for me in (operator:functional-unit-mes
(vn:operator vn) ) )
(vhen (me:datum:ok? me vn) )
( (save me) ) )
t
(error (1ist va "BUG.ASSIGN-LIKELY-MES: Case error.®))))))
(loop (for-each-vn vn)
(vhen (&& (== *def (vn:type vm) )
(t (vn:likely-mes wvn) ) ) ) :
(bind use-vn (car (for-some (reading-vm in (vn:reading-vme vm) )
(== *use (vn:type reading-vmn) ) )
@ (when use-vn)
o
(:= (vn:likely-mes vn) (vn:likely-mes use-va) ) ) )

first. This is similar to the "highest levels first"® strategy of 0)
1ist scheduling.
s0e
T
(eval-when (compile load) ;#ee (BUG.VN:ASSIGN VN DESTINATIONS)
(include list-scheduler:declarations) ) R
;es+ This is the recursive function that assigns a VN, setting :ME,
(defun bug.assign-mes () ;e%s :LIKELY-MES, and :BUG-CYCLE of VN to reflect our choice of where to
(heights-depths.assign) ;%ss compute VN. DESTINATIONS is a list of MEs vhere we want the value
(resource.initialize-schedule ‘bug) ;000 of to end up in (the value need end up in only one of them); if
(registers.initialize) ;#ee DESTINATIONS is () that means we don't care vhere the value goes.
Y
(bug.assign-likely-mes) ;e8¢ After assigning VN, all the operands of VN are examined; any DEF
;#e¢ oporands are reassigned based on vhat was chosen for VN.
(100{ (for va in (bug.depth-sort-vns ¢ls.exit-vmnss+) ) (do ieee
bug.vn:aseign vo () ) ) ) ene
(bug.make-defiskusels) (defun bnf.vn:aaaign ( vn destinations )
0 § (12 (! (vn:bug-cycle vn) ) (then
(caseq (vn:type vm)
(pseudo-op)
; (det
Tahipe (bug.def-vn:assign vn destinations) )
;#+s (BUG.ASSIGN-LIKELY-MES) (use
jene (bug.use-vn:asaign vn destinations) )
;#*+ Initislizes :LIKELY-MES of each VN to a list of feasible MEs that (copy
;### could be used for the VN. For DEF and USE VNs, the list is set to (bug.copy-vn:assign vn destinations) )
;#¢¢ the MEs of the locations of the DEF or USE (if given); 1f a DEF has (operation
;##* no locations, but a USE that reads the DEF does, the DEF adopts the (bug.operation-vn:assign vn destinations)
;### LIKELY-MES of the USE. For operations VNs, it is set to the list
;##¢ of functional-unit MEs that can compute the value of the VN. (loop (for operand-vn in (vn:operand-vmns vn) )
Rl ¢ (vhen (== ‘*def (vn:type operand-vm) ) )
R do
(bug.def-vn:reassign operand-vn (va:me.vn) ) ) ) )
(defun bug.msssign-likely-mes ()
(loop (for-each-vmn vn) (do
(caseq (vn:type vn) (error (1ist vn "BUG.VM:ASSIGN: Case error.®) ) ) ) ) )
L (pseudo-op) 0)
1 2
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(BUG.USE-VN:ASSIGN VN DESTINATIONS)

ieee
Jee
Jens
R

Assigns & USE VN merely by recursively asssigning the operand of
the USE.

(defun bug.use-vn:assign ( vmn destinations )
(bug.vn:assign (car (vn:operand-vmns ve) )
(vn:1ikely-ges vn) )
E;=)(vn:bng-cyc1e vn) (vn:bug-cycle (car (vn:operand-vms va) ) ) )

1l

;¢s¢ (BUG.COPY-VN:ASSIGN VN DESTINATIONS)

H1L

;¢#ee Assigns a COPY VN by recursively assigning ites operand. It is assumed
;#¢¢ that the copy operation will take one cycle and can be done in

;%%s vhatever register bank contains the operand.

Rl

il

(defun bug.copy-vn:assign ( vn destinations )
(loop (for operand-vn
in (bug.depth-sort-vns (append (vn:constraining-wvmns wa)
¢ (vn:operand-vns w) )))
do
(bug.vn:assign operand-vn
(it (memq operand-va (vn:operand-vns vn) )
destinations

0))y»

(vn:bug-cycle wvn) (+ 1 (bug.vn:available (car (vn:operand-vas vn) ) ) )
(vn:1ikely-mes vn) (vn:likely-mes (car (vn:operand-vmns wvn) ) ) )

s
il

;#s¢ (BUG.DEF-VN:ASSIGN VN DESTINATIONS)

Jeee

;#%¢ VN is a DEF. We assume that the machine has the bandwidth to provide
;#%¢ VN to its readers on cycle 0 (see the next fumction).

21

H 2

(defun bug.def-vn:assign ( van destinations )
(:= (vn:bug-cycle vn) 0) )

Mkt

H 1]
HL L]
1688
jeen
11
exe
1]
e
ieee
&

we make a "best guess®™ about the MEs likely to be used for VN that
best guess 1g pased on as DESTINATIONS for the recursive assignment
to the operand. After we've done all the operands, we then make

s final best guess for VN, preferring an ME that 18 closest to the
operands 1if we have any choice left.

After we've picked an ME and a cycle, we schedule it on the resource
schedule to indicate we've made a choice.

(defun bug.operation-vn:assign ( vn destinations )
(loop (for operand-va
in (bug.depth-sort-vns (append (vn:constraining-vns vn)
(vn:operand-vns wm))))
(bind cyclekme-1list
(bug.vn:destinations:cyclekme-1list
vn destinations)

operand-destinations

(1t E; }lelq operand-va (vn:operand-vns van) ) ) (then

(else
(loop (for (cycle me) in cyclekme-list) (save
me) ) ) ))

(d0
(bug.vn:assign operand-vn operand-destinations) ) )

(let ( (cycleame-1ist (bug.vn:destinations:cyclekme-1list vn destinations))
(best-cycle Q0 g
(best-ne 0O)
(17 (! (cdr cyclesme-1ist) ) (then
" (desetq ( (best-cycle best-me) . () ) cyclekme-1list) )
elge
(desetq (best-cycle best-me)
(loop (for cycleime in cyclekme-list)
(bind (cycle me) cyclekame)
(minimize
cyclesme
(loop (for operand-vn in (vn:operand-vns vn) )
(reduce max 0
(no:me:delay (vn:me operand-vn) me))))))))

o )(bug.vn:cyclc:nu:sehedulc vn best-cycle best-me) )

(BUG.VN:DESTINATIONS : CYCLEAME-LIST VN DESTINATIONS)

Given an operation VN and suggested destinations, returns a list
of pairs:

(CYCLE ME)

describing the best places and times where VN can be computed; any
pair in the 1list will calculate VN and move it to a closest

Al destination as early as any other pair. CYCLE specifies the time
;e¢s (BUG.OPERATION-VN:ASSIGN VN DESTINATIONS) at vhich ME can be scheduled.

HiL

;#¢¢ VN ig an operation VN. Picks a good ME for for VN. First all the The result is calculated by looking at each ME that could be used
;##s predecessor VNs (operands and constraining) are recursively assigned, for VN and calculating the cost of moving the operands to the ME,
;##¢ doing the ones of largest depth first. As we assign each operand, dolgg the operation, and then moving the value to the closest

3
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;¢*s destination.
T

(defun bug.vn:destinations:cyclekme-1ist ( vn destinations )
(lcop (for me in (vn:likely-mes vn) )
(vhen (me:datum;ok? me vn) )
(bind cycle (bug.vn:me:cycle vn me)
cost (+ cycle
(+ (ne:delay me)
(bug.me:me-list:ain-delay me destinations) ) ) )
(save-sinimums ‘(,cycle ,me) cost) ) )

e
H 1]

;%8¢ (BUG.VN:ME:CYCLE VN ME)

1ene

;#s+ Returns the earliest cycle in which ME can be scheduled to compute
;#¢¢ VN, If none of VN's operands have been assigned yet, then the ®"cycle®
;#*+ returned is actually an estimate of the cost of of moving VN's

;##¢ operands to the ME, baged on what little we know of where VN and

;#s¢ 1its operands can be computed.

11

(defun bug.vn:me:cycle ( vn me )
(1 (for-some (operand-vn in (vn:operand-vms va) )
(vn:bug-cycle operand-vn)
(then
(bug.assigned-vn:me:cycle vn me) )
(else
(bug.unassigned-vn:me:cost vn me) ) ) )

;‘tt

;#¢+ (BUG.UNASSIGNED-VN:ME:COST VN ME)

11

;##¢ YN has none of ite operands assigned. Returns an estiamate of the
;#s% cost of moving the operands of VN to the ME. The cost is coaputed
i¢#+ ag followa:

R 1]

i L The operands of VN with saximum depth are gathered. The cost
H Al is the maximum over those operands of F( OPERAND-VN ), wvhere
H il F 1s the delay of moving the operand to the ME.

11

111

(defun bug.unassigned-vn:me:cost ( vn me )
(let E (max-depth (loop (for operand-va in (vn:operand-vne va) )
(reduce max 0 (vn:depth operand-vn) ) ) ) )
(loop (for operand-vn in (vn:operand-wns vn) f
(wvhen (== max-depth (vn:depth operand-vm) ) )
(reduce max 0 (bug.me-list:me:min-delay

;##* At least one of VN's operands have been assigned. Returns the first
:#ss cycle in which VN's operation can be scheduled using ME; the cycle
;¢s* is the first after all the operands are available at the inputs of
;#*# the ME and in which the ME is free. (We also require that the cycle
;*#++ be after all the constraining VNs have completed.)

1l

.k
+ ¥

(defun bug.assigned-vn:me:cycle ( vn me )
(let ( (available-cycle
(max
(loop (for operand-van in (vn:operand-vas vn) )
(vhen (vn:bug-cycle operand-vn) )
(reduce max 0 (+ (bug.vn:available operand-vn)
(bug.me-1ist:me:nin-delay

(vn:likely-mes operand-vn)
me) ) ) )

(loop (for constraining-va in (vn:constraining-vas vn) )
(for constraining-delay
in (vn:conatraining-delays vn) )
(vhen (vn:bug-cycle constraining-va) )
(reduce max
0

(cycle:delays:conatrained-cycle
(vn:bug-cycle constraining-vn)
(vn:delay constraining-vn)
(mo:delay me)
constraining-delay) ) ) ) ) )

(cycle:resource-request:first-available-cycle
available-cycle
(me:resources me) ) ) )

Eoot

s¢e+ (BUG.VN:AVAILABLE VN)

jeee

;#¢¢ Returns the first cycle in vhich the value of VN is available for use.
H11)

(defun bug.vn:available ( wn )
(caseq (vn:type vn)
( (det copy)
(wn:bug-cycle wn) )
(oplilﬁton " ie-m)
+ (vn:bug-cycle vn
{l.:dﬂf:,,(VI:ll va) ) ))

(error (118t vn "BUG.VN:AVAILABLE: Case error.®) ) ) ) )

»
+ ¥

(vn:likely-mes operand-vn) Ll
me) ) ) )) ;#¢¢ (BUG.DEPTH-SORT-VNS VN-LIST)
;#¢¢ (BUG.HEIGHT-SORT-VNS VN-LIST)
H 11
R ;#+¢ Sorts a 1list of Vs in decreasing depth or height order. We break
R ;#¢% ties based on the name of the VN —— this is slightly less efficient,
;#¢+ (BUG.ASSIGNED-VN:ME:CYCLE VN ME) ;#%% but guarrantees greater uniformity in results vhen making slight
(e8e ;ose changes to the input progras (useful only for debugging).
5 8
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(defun bug.depth-sort-vns ( vn-list )
(sort vn-list
(£:1 ( w1 vn2 )
(e( (; (vn:depth vni) (vn:depth vn2) )
v

( (== (vn:depth vni) (vn:depth vn2) )
(lexorder ?m:nue vni) (vn:name vn2) ) )

%
0))»))»

(defun bug.height-sort-vns { vm-1list )
(sort vn-list
(£:1 ( vn1l vn2 )
(?( (> (vn:height wvn1) (vn:height wn2) )
t

( (== (vn:height wvni) (vn:height wvn2) )
(lexorder (vn:name vni) (vn:name vn2) ) )

(¢t
0 i)
feve
;¢¢¢ (BUG.VN:CYCLE:ME:SCHEDULE VN CYCLE ME)
e

;##s ME has been chosen for VN. Its resources are scheduled at CYCLE,
;#s¢ and VN:BUG-CYCLE, VN:ME, and VN:LIKELY-MES are updated. If ME is a
;#¢s register bank, we assused it we're trying to read fros it.

il

(defun bug.vn:cycle:me:schedule ( wvn =¥=1. me )
(agsert me "BUG: No ME was found!*®

(cycle:resource-request:schedule
cycle
({r (== ‘register-bank (me:type me) )
(e :read-resources me)
(me:resources me) ) )

ne vn) me)

(vn:
(:::litoly-leu va) “‘(.,me) )
(vn:bug-cycle vmn) cycle)

.
.
.
.

)

¥ e e e T}
wmoun
St

iene

;#ss (BUG.ME-LIST:ME:MIN-DELAY ME)

;#++ (BUG.ME:ME-LIST:MIN-DELAY ME)

1]

;#¢+ These two functions return the minimum required delay in moving a
;%% 3 value between one ME and the closest ME in a 1ist of MEs.

Ll

(defun bug.me-list:me:pin-delay ( me-list me )
(1t (; me-list) (then
0

(els
zIOcp (for next-me in me-list)
(reduce min 100000 (me:me:delay next-me me) ) ) ) ) )

(defun bug.me:me-1list:min-delay ( me me-1ist )

(12 (! me-list) (then
0)

(else
(loop (for next-me in me-list)
(reduce min 100000 (me:me:delay me next-me) ) ) ) ) )

7
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BOTTOM UP GREEDY, DEFS AND USES

This file implements the part of the bottom-up-greedy algorithm that
handles DEFs and USEs.

(eval-when (compile load)
(include list-scheduler:declarations) )

;#s¢ (BUG.DEF-VN:REASSIGN VN DESTINATION)

;##¢ VN is a DEF VN. One of the readers of VN has just been assigned,
;##% and this function is called to get a good guess for the location
;#¢s of the DEF. DESTINATION is the ME just assigned to the reader.

;##s If the DEF requires a single location and doesn't yet have one, then
;##% ye find a register bank connected to DESTINATION that is available
;#s¢ earliest and assign it to VN. Otherwise, the DEF is sllowed multiple
;##s locations and we don't assign it any location, on the assumption

;#*s that we'll be able to make up "good®" locations later.

;¢ss A DEF requires a single location if it is a variable, it doesn‘t
;#%¢ have any currently assigned location, and the variable 1s written
;#¢¢ gomevhere on the trace. Variables that aren’'t written on the trace
;¢#*s are allowved to have multiple locations, as are constants.

L LA 1 NOTE #¢»
;¢#% We should really take account of conflicts between the register
;*#% usage here, as we do later on when we assign DEFs and USEs.

(defun bug.def-vn:reassign ( vn destination )
(1f (k& (! (vn:constant? wn) )
(! (vn:likely-mes wvn) )
¢ (> (dag.name:trace-write-count (vn:name vn) ) 0) )
then
(assert sls.newv-defs-allowed?s "BUG: Huh?®)
(let ( (best-cycle 100000)
(best-ne 0))

(loop (for me in (me:inputs destination) )
(vhen (&8 (== ’'register-bank (me:type me) ) )
(> (me:registers—left ..¥’3) )
(bind cycle (cgclc:rluourca—rcquast:tzrat-uvaalsble-cycle

(me:read-resources me) ) )
- (vhen (< cycle best-cycle) )
(:= best-cycle cycle)
(:= best-me meo)

(bug.vn:cycle:me:schedule
vn best-cycle best-me)
(:= (me:registers-left best-me) (- &2& 1) ) ) ) )

0)
Kl
L L
;¢++ (BUG.MAKE-DEF 1SRUSES1S)
MLl
;#+s This procedure is called after all main recursive assignasent algoritha
;¢¢¢ has been run. It inserts DEF1s between DEFs and their readers, and
;¢s¢ USEls between USEs and their operands.
e
;#%% First, USEls are inserted between USEs that have no given locations
;#%s and their operands. Then DEFls are inserted between all DEFs and
;#s¢ their readers. Finally, USEls are inserted between USEs that do
;#*+ have given locations and their operands.
H 11
Ml

(defun bug.make-defliskusels ()

;9¢¢ Make USEls for USEs that have locations.
ceee
(loop (for vn in *ls.exit-vnss)
(vhen (&& (== ‘use (vn:type vn) )
. (vn:locations vn) ) )
do
(vug.closed-use-vn:sake-useis vn) ) )

;#%¢ Make DEFis for DEFs.

1]
(loop (for vn in (bug.height-sort-vns *1s.entry-vnes) )
( (vhen (== ‘def (vn:type vn) ) )
do

(bug.def-vn:make-defis vn) ) )

;#*s Make USEls for USEs that don't have locations.
R
(loop (for vn in *ls.exit-vnss)
(vhen (2% (== ‘use (vn:type vn) )
@ (! (vn:locations vn) ) ) )
o
(bug.open-use-vn:make-useis vn) ) )

0)

R
;ees
s
1Y
I
1T
seue

(BUG . CLOSED-USE-VN : MAKE-USE1S VN)

VYN is a USE VN that has given locations. A USEl for each different
location 18 inserted between VN and its single operand.

(X1
H

(defun bug.closed-use-vn:make-useis ( vn )

(let ( (uset-vns
: (loop (for (me register) in (vn:locations vn) ) (save

1

2

PS:<C.S.BULLDOG.LIST-SCHEDULER. TEST>BUG-DEFS-USES.LSP.57




)

9

(vn:create (vn:new

type ‘usel
nane (vn:name vn)
constant? {vn:constant? wn)
datatype (vn:datatype vn)
bug-cycle (vn:bug-cycle vn)
height (vn:height vn)
depth (vn:depth va)
likely-mes *(.me)
ae Re
register-bank-me ne
register register) ) ) ) ) )
(vn:insert-vas vn usei-vns)
0))
ML L
;*#es (BUG.OPEN-USE-VN:MAKE-USE1S VN)
;oo

;#¢¢ VN is a USE VN that has no given locations. If the USE doesn't have
;#¢¢ a DEF1 as its operand, that means the variable of the USE is written
;%¢¢ on the trace; wve splice a USEl betweeen the operand and the USE.

£ 11

;e If the USE does have a DEF1 as its operand, that means the variable
;##¢ (or constant) isn’t written om the trace. We splice a USEl between
;ees ALL the DEFis of the variable. The effect of this is to keep all
;#¢+ the copiles of this variable live over the whole trace (good 1f the
;#¢s trace is a loop —- the variable or constant is & loop invariaat).
;#¢¢ Porhaps we'll want to modify this to do it only when given a loop
;#8% trace.

1]

(defun bug.open-use-vn:make-ugseis ( vn )
(1.&0? Eope:and-vn (car (vn:operand-vne vn) ) )
ed-vns
e (1f (== "defi (vn:type operand-vmn) ) (then
¢ (vn:reading-vas (car (va:operand-vas operand-va) ) ) )
else
(vn:operand-vns vn) ) ) ) )

(loop (for pred-vmn in pred-vns)
(bind usei-vn (vn:create (vn:new

type ‘usel
name (va:name vn)
constant? (vn:constant? vn)
datatype (vn:datatype vn)
bug-cycle (vn:bug-cycle vn)
height (vn:height vn)
¢ depth (vn:depth va) ) ) )
do
(1f (memq pred-vmn (vn:operand-wvns vn) ) (then
¢ (vn:splice-vn pred-vn usei-vn (list wvn) ) )
else
(push (vn:reading-vns pred-vn) usel-vn)
(push (vn:operand-vns usei-vn) pred-vmn)
(push (vn:reading-vns usei-vn) va)
&% (push (vn:operand-vns wn) usei-vn) ) ) ) )

e
seed
e
1eee
(e
eee
1eee
sees
I
ieee
1698
jeee
(eee

(BUG.DEF-VN:MAKE-DEF1iS VN)

VN 1s a DEF. DEF1s are inserted between the DEF and all its readers,
picking likely locations (register banks or constant generators)
and assigning them to the DEFis.

Each reader of the DEF 1s considered in turn, and a good location
for that reader 13 chosen. Then all the readers with the same
location are grouped togethor, and a single DEF1 for that location
is spliced between the DEF and the group of readers.

(oo

(defun bug.def-vn:make-defis ( vn )

(let ( (me-tadle () )
(all-reading-vns
(append (bug.height-sort-vas (vn:reading-vas vn) )
(vn:off-1ive-reading-vns vn) )
(number-reading-vns
(length (vn:reading-vas va) ) ) )

;#*s Pick good locations for the DEF by picking a good location
;#*+ that each of the readers would prefer. Keep a table
;##* that groups all the readers of & preferred ME together.
:#%¢ As locations are picked, keep track of the number of
;#%% Togisters left in register banks. Ve have to treat
;¢#%s off-1live readers almost like norsal readers, because
;#%¢ they need locations for the DEF as well.
ke
(loop (for reading-vn in all-reading-vns)
(incr 1 from 1)
(bind reading-va? (<= i nuaber-reading-vns)
ne (bug.def-vn:reading-vn:choose~me

va
« (1f reading-vn? reading-vn () ) ) )
o
(1f (! (memq me (vn:likely-mes vn) ) ) (then
(push (vn:likely-mes vn) me)
(caseq (me:type me)
(register-bank
(:= (me:registers-left me) (- &2& 1) ) )
(constant-generator
(cycle:resource-request:schedule
(cycle:resource-request:first-available-cycle
0 (me:resources me) )
(me:resources me) ) )

(error (1ist me "Case error.”) ) ) ) ) )

(let ( (me-entry (assoc me me-table) ) )
(12 (! me-entry) (then
(:= me-entry *(,me () ) ) )
(push me-table me-entry) ) )

(i1f reading-vn? (then
(push (cadr me-entry) reading-va) )

(push (caddr me-entry) reading-vmn) ) ) ) ) )

;%8s Now for each assigned location of the DEF, we have
;#9% 3 group of readers. Insert a DEF1 between the DEF and

3

4
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;¢es rosaders.
sens
(loop (for (me reading-vms off-1ive-reading-vms) in me-table)
(bind (() register) (assoc me (vn:locations vn) ) )
(bind defi-vn (vn:create (vn:new
type *defl
naae (vn:nane vn)
constant? (vn:constant? vn)
datatype (vn:datatype vm)
bug-cycle (vn:bug-cycle vn)

height (vn:height vn)
depth (vn:depth vn)
likely-mes *(,me)
mo me) ) )
(do
(1t register (then
(:= (vn:register-bank-me defi-vn) me)
(:= (vn:register defi-vn) register) ) )
o )(;n:uplico-vn vn defi-vn reading-vns off-live-reading-vns) ) )
21
iHee
;#s% (BUG.DEF-VN:READING-VN:CHOOSE-ME VN READING-VN)
R 1)

;#¢¢ Chooses a good location for VN, a DEF, to be read by one its children,
;oss READING-VN. The choice is made depending on whether or not the DEF
;%% ia a constant or variable, and whether or not we are allowed to make
;#¢¢ up nev locations for the DEF or must stick with the locations given.
1ene

(defun bug.def-vn:reading-vn:choose-me ( vn reading-va )
(1f (vn:constant? vn) (then
(1f +ls.nev-defs-allowed?s (then
) (bug.def-open-constant-vn:reading-vn:choose-ne va reading-vn) )
else
( (bug.def-closed-constant-vn:reading-vn:choose-se vn reading-vn))))
else
(1 (&8 sls.new-defs-allowed?s
) (== (dag.name:trace-write-count (va:name vn) ) 0) )
then
) (bug.def-open-var-vn:reading-vn:choose-ne vn reading-va) )
else
(bug.def-closed-var-vn:reading-vn:choose-se va reading-vn))))))

ML

1888

;#ss (BUG.DEF-OPEN-CONSTANT-VN:READING-VN:CHOOSE-ME VN READING-VN)

1888

;%¢¢ VN 13 a constant DEF for vhich we are allowed to make up new

;¢%+ locations. If the constant is immediate and we're supposed to load
;¢¢¢ immediates from constant generators, then we look for the closest
;#¢¢ such generator. Otherwise, we treat the DEF just as if 1t were a
;ees register, assigning it a register location.

1

(defun bug.def-open-constant-va:reading-vn:choose-me ( va reading-vn )
(let( (?Ol gconatanu:conatanu-gcnarseor—nes (vn:name vn) ) ) )
if (&8 mon

(tb (== *load ¢ls.immediate-constant-actions) )
then
(car (bug.def-constant-vn:reading-vn:best-cg-me&cycle
va reading-vn) ) )
(else
(bug.def-open-var-vn:reading-vn:choose-se va reading-vmn) ) ) ) )

.
11

;*¢¢ (BUG.DEF-CLOSED-CONSTANT-VN:READING-VN:CHOOSE-ME VN READING-VN)

11

:#%¢ VN 13 a constant DEF for vwhich we are not allowed to make up new locations.
i#s¢ Yo congider two options:

L L

Ll 1. Using an already assigned location.
e 2. Using a constant generator.

H 1L

;##++ Ve pick the one that is closest to READING-VN, preferring #1 over #2 if
;#¢¢ there 18 a choice (i.e. preferring a register bank over a constant

;#se generator, hamm).

H L1

i

(defun bui.def—closed-constant-vn:raading—vu:choose-ne ( va reading-vm )
(let+( (dest-ne (bug.vn:dest-me reading-vn) )
(best-delay 100000)
(best-me 0))

(loop (for (ms register) in (vm:locations wvm) )
(bind delay (me:me:delay me dest-me) )
(vhen (l] (== me dest-me)
(< delay best-delay) ) )

best-delay delay)
best-me me) ; )

(let ( ( (best-cg-me best-cg-delay)
(bug.def~constant-vn:reading-vn:best-cg-nekcycle
vn reading-van) ) )
(1f (&8 best-cg-me
(< beat-cg-delay best-delay) )
(then
{:= best-me best-cg-me) ) ) )

(assert best-me
(h vn) t (h reading-vm)
"BUG.DEF-CLOSED~CONSTANT-VN :READING-VN:CHOOSE-ME: Wasn't able "
®"to find a register or constant generator for VNI®)

best-me) )

(defun bug.def-constant-vn:reading-vn:best-cg-mekcycle
vn reading-vn )

(let ( (dest-ame (bug.vn:dest-me reading-vam) ) )

(loop (for me in (constant:constant-generator-mes (vn:name vm) ) )
(bind cycle (+ (cygle:resonrce-raqnest:21rat—avnilabla—cycle

(me:resources me) )

5

6
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(mo:me:delay me dest-me) ) )
(ainimize *(,me ,cycle) cycle) ) ) )

tens

;#s¢ (BUG .DEF-OPEN-VAR-VN:READING-VN:CHOOSE-ME VN READING-VN)

;¢s¢ (BUG.DEF-CLOSED-VAR-VN:READIKG-VN:CHOOSE-ME VN READING-VN)

Jeee

;##¢ VN is & DEF of a variable. These two functions pick a good register
;#+¢ bank location for it, the former considering any register bank, the
;#+#+ latter considering only register banks already assigned to the VN.
;eee

.l
5 L

(defun bug.def-open-var-vn:reading-vn:choose-se ( vn reading-vam )
(bug.def-var-vn:reading-vn:choose-ae
va
reading-va
¢ls.register-bank-mess) )

(defun bug.def-closed-var-vn:reading-vn:choose-me ( vn reading-va )
(bug.def-var-vn:reading-vn:choose-ne
o
reading-vn
(1f reading-vn
(vn:likely-mes vn)
sls.reglater-bank-mess) ) )
It
;#e¢ It's possible to have a closed VN (a variable writtenm
;%% on the trace) that isn’'t assigned any likely ME at
;#¢s this point. This only occurs if READING-VN is ().
1#¢¢ that {a, if VN doesn’t have any readera, just off-live
;¢ readors.

;¢s¢ (BUG.DEF-VAR-VN:READING-VN:CHOOSE-ME VN READING-VN FEASIBLE-MES)

;¢#¢¢ VN 18 » DEF of a variable. Chooses a good register bank location
;¢%¢ for it from FEASIBLE-MES, a list of register banks. We first find
;%¢¢ the register banks capable of holding VN that are closest to

;#¢% READING-VN. Then of those, we find the ones that conflict least
;#¢¢ yvith the other operands of READING-VN that already have locations.
;*¢¢ Then 1f there is still a choice left, we prefer a register bank that
;¢es 1g either identical with the destination of READING-VN (if it is
:#ss a USE1) or one that is already assigned to VN.

(defun bug.def-var-vn:reading-van:choogse-me ( vn reading-vn feasible-mes )
(lets( (dest-me
(bug.va:dest-ae reading-vn) )

(close-nmes
(loop (for me in foasible-mes)
(vhea (|| (memq me (vn:likely-mes wvn) )
(> (mo:registers-left me) 0) ) )

close-mes
(else
(loop (for me in close-mes) (save-minimuas
Re
(bug.va:me:register-conflicts reading-vn me) ) ) ) ) )

(e (1 randing—vn) (then

(best-ne
(1f (memq dest-me least-conflicting-mes) (then
dest-ne)
(else
(12-1et ( (common-mes (intersectionq least-conflicting-mes

(car common-mes)
(car least-conflicting-mes) ) ) ) ) )

(asgert best-ze
(h vo) ¢ (h reading-van) t
*BUG .DEF-VAR-VN :READING-VN:CHOOSE-ME: Wasn't able to *
® find a close register bank!®)

(vn:11kely-mes vn))))—

best-me) )
L
H 11
;#¢s (BUG.VN:DEST-ME VN)
11

;#¢¢ Returns the destination ME that an operand of VN needs to deliver its
;¢%s result to. The ME depends on the type of VN:

11

HIT) OPERATION:
ML COPY:

jees USEL:
H1l)

;es¢ Returning () means that we don't have any particular preference for a
;#¢¢ a destination ME; this should only occur if VN is a USE1 and doesn’t have
1] ?)reqnirea location. VN may be (), in which case the result is

;e ().

H 1l

:.-

the functional unit assiged to the VN.
wherever the max height reader of VN wants its value.
any register bank assigned to the use.

(defun dug.vn:dest-me ( vn )
(k& vn

(caseq (vn:type vn)
(operation
(vn:me vn) )
(copy
(bug.vn:dest-me (loop (for reading-vn in (vn:reading-vms wn) )
(maxipize reading-vn
(vn:height reading-vmn)))))
(usel
(car (vn:likely-mes vn) ) )
(use
(car (vn:likely-mes vn) ) )

(error (1ist vn "BUG.VN:DEST-ME®) ) ) ) ) )

(bind delay (me:me:delay me dest-me) ) H
(save-minimuas me delay) ) ) [Ty
;#e¢ (BUG.VN:ME:REGISTER-CONFLICTS VN ME)
(least-conflicting-nes jeee
7 8
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;#¢¢ Attempts to determine whether by using ME (a register bank) as s

;¢*» location for one of the as-yet unassigned operands of VN, that will
;ese conflict with the already assigned operands. In general, an

;*++ asgignoent of register banks to the operands of VN conflicts if it
;#s¢ 1p not possidle to read all the operands from the register banks

;¢s¢ in the same cycle (e.g. because there are not enough register ports).
K1l

;#++ Currently, we agsume that the only possible resource that could cause
;¢s% conflict 18 the number of available ports (1.e. all ports of of a
;*ss bank are connected to the identical set of destinations). So checking
;¢ o gee 1f ME conflicts with previously assigned operands is merely
;#s¢ 3 patter of counting the number of ME ports required by all the

;*#%s operands.

M1l

;#%¢ Eventually, ve might also consider conflict of ME:ME:RESOURCES as
;ese well,

ML

;¢¢s Returns 1 1f there 1s conflict, O 1f not (so we can add them upt).

H 11

(defun bug.vn:me:register-conflicts ( vn me )
(let i (required-ports
(loop (for operand-vn in (vn:operand-vns vn) )
(when (&& (!== °def (vn:type operand-wvn) )
(== me (car (vn:likely-mes wvn) ) ) ) )
(reduce + 1 1) ) ) )
(12 (> required-ports (me:read-ports me) )

1
0)))

9
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;ees Copyright (C) 1083 John R. Ellis. This file may be used for sesevaes
;#ss educational and research purposes only, by the faculuy, students, sssesses
;*++ and staff of Yale University only. esseskes
H 11’ LTI LT

(:= ¢ls.build-module-1ists *(

1ist-scheduler:resource
1ist-scheduler:machine-godsl
list-scheduler:shortest-path

list-scheduler:vn
list-scheduler:dag
list-scheduler:heighto-depths

list-scheduler:bug
list-acheduler:bug-defs-uses

list-acheduler:scheduler
1list-scheduler:sch-operation
list-scheduler:sch-copy
list-scheduler:sch-splits-joins
list-scheduler:registers

list-scheduler:ais-to-eli
list-scheduler:simulator
list-scheduler:lsex-options
llgb-schadnlerzllex

(:= sbuild-module-listes (append sbuild-module-1ists sls.build-module-1ists) )

1
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;e¢s Copyright (C) 1083 John R, Ellis. This file may be used for sesessss
;e¢s educational and research purposes only, by the faculty, students, sesssess
;o2 and staff of Yale University only. seteEee
ML it 12 1]t
;#¢¢ Build the latest version of the list-scheduling compiler.

jeee

(remprop 'loop °*build-information) ;e¢+ Got rid of Yale Loop info.

(:= sbuild-module-lists () )

(load ‘utilities:build) ;##s This must go first.
(load 'interpreter:build)

(load *trace:build)

(load ‘*diophantine:build)

(load ’flow-analysis:build)

(load ‘experiments:build)

(load ’list-scheduler:build)

(build)
(load *list-scheduler:eli-model)

1
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;#s+ Copyright (C) 1088 John R. Ellis.
;#¢s educationsl and research purposes only, by the faculty, students, sssssess
:#+#+ and staff of Yale University only.

This file may be used for

sS850
sERsEdRR

kkkdiES
(12111

DAG Making

This module constructs a dag of VNs from the trace.

(DAG.INITIALIZE)
Initislizes this module.

(DAG.MAKE LIVE-BEFORE SOURCE-RECORD-LIST LIVE-AFTER)
Constructs a dag of VNs from this information (parameters identical
in meaning to those of GENERATE-CODE).

¢LS _ENTRY-VNS#*

¢L8 EXIT-VN3+
Lists of all VNs with no predecessors and no successors,
respectively, of any kind.

¢L8 .NEW-DEFS-ALLOVED?»
True if on this trace ve are allowed to make up new locations for
DEFs (that is, if we weren't given any DEF at the beginning of the
trace or if this trace is not the beginning trace of a progras.)

¢LS .LOOP-TRACE? e
True 1f this trace begins with a LOOP-START and ends with a
TRACE-FENCE peeudo-op, indicating the trace is a body of a loop
(hack hack).

(DAG . NAME: TRACE-VRITE-COUNT NAME)
Returns the number of times NAME was wvritten by an operation on the
trace.

(DAG.NAME:USE~VN NAME)
Returns a USE VN of the given NAME if such a VN exists, () otherwise.

(DAG.SET-COUNTS)
Sets the predecessors-left and readers-left counts of each VN.

(CYCLE:DELAYS : CONSTRAINED-CYCLE CYCLE PD SD CD)
Returns the cycle that a constrained successor can earliest be
scheduled, given the CYCLE of ite constraining predecessor, the
predecessor’s delay FD, the successor’s delay SD, and the constraining
delay betwen them CD. The result cycle is defined as:

MAX( CYCLE + PD - 8D + CD, CYCLE + CD )

This guarrantees that the first cycle of the successor Rust be at
least CD cycles after the first cycle of the predecessor, and the
last cycle of the successor at least CD cycles after the last cycle
of the predecessor. These requirements arise from the nature of
partial schedules -- a write of a variable must not allowed to be
copied up into a rejoin above a predecessor read of the same variable
that is ln)the rejoion partial schedule (an analagous situation holds
for splitas).

(CYCLE : DELAYS: CONSTRAINING-CYCLE CYCLE PD SD CD)
Returns the cycle that a constraining predecessor can latest be

scheduled given the CYCLE of its constrained successor, the delay
of the predecessor, the delay of the successor, and the constraining
delay between thes.

(eval-wvhen (compile load)

(include list-scheduler:declarations) )

(declare (special

sdag.name:vns ;++s Hagh table mapping names to the most recent
;**s VN containing that name. Uses EQUALT so
;##+ that numbers are considered equal only if they
;#%% are of the same type.
sdag.name :write-counts
;#s+ Hash table mapping names to the nuaber of times
;**s they were written on the trace.
sdag.nase:locations*
;#++ Hash table mapping names to locations given in
;#++ a DEF pseudo-op at the beginning of the trace.
sdag.name:use-va+ ;¢+s Hagh table mapping names to USE VNs.
sdag.live-befores ;¢#+ The live-before variables.
sdag.live-after-constantss*
;¢¢¢+ Constants read on the trace vhich we want to
;e%s treat as live-after.

sdag.loop-startfs ;¢s¢ True if this trace contains a LOOP-START?

;dn;.nne!- ;¢+e True if ve sav a non-empty USE.

(defun dag.initialize ()

(:= ¢ls.entry-vnse 0)
(:= *1s.exit-vnss QO)
(:= ¢ls.new-defs-allowed?» t)

(:= ¢1s.loop-trace?s Q)
(:= edag.name:vne 0)
(:= sdag.name:write-counts QO)
(:= edag.name:locationss QO)
(:= sdag.live-befores O)
(:= sdag.live-after-constantss () )
(:= sdag.loop-start?s Q)
E;=}tdag.uso?t 0)

(defun dag.make ( live-before source-record-list live-after )

(dag.initialize)
(start-trace)

(:= sdag.name:vns (hash-table:create ‘equalt () () ) )
(:= sdag.name:use-vne (hash-table:create ‘equalt () () ) )
(:= sdag.name:write-counts (hash-table:create () () o))
(:= edag.name:locations® (hash-table:create ’'equalt () () ) )
(:= sdag.live-befores 1ive-before)

;¢¢¢ Make VNs for the trace operations.
R 1T

(loop (for source-record in source-record-list) (do
%dng.aourco-rocord:cresta-vn source-record) ) )
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;¢s¢ Make VNs for the live after variables and constants, including
;%s¢ the constants read op the trace if there isn’t a non-empty
;es¢ USE at the end.
1eee
(12 (! sdag.use?s) (then
(:= live-after (unionq &&& +dag.live-after-constantss) ) ) )
(loop (for name in live-after)
(vhen (!== '§trace name) )
(do

(dag.1ive-name:create-use nase) ) )

;#e¢ Bot the successor fields of the VNs.
(dlgE::;-ouccesuor-vns)

;#%¢ Dolete dead and useless VNs.
(dagE;::ovc-ﬂead-vnaJ

;#¢¢ Qather the lists of entry and exit Vie.

Jene
(loop (for-each-vn vn) (do
(it (& (! (vn:operand-vms vn) )
¢ (! (vn:constraining-vans vz) ) )
then

(push *ls.entry-vnes vn) ) )

(it (a2 (! (vn:reading-vne ) )
(! (vn:constrained-vns vn) ) )

(then
(push e¢ls.exit-vnse va) ) ) ) )
0)
laee
;#¢¢ (DAG.SOURCE-RECORD : CREATE-VN
e (OPER TRACE-DIRECTION DATUM OFF-LIVE) )
1888
;#¢% Processes one source-record froa the trace, creating an OPER, DEF,
;o8 or, USE VN for that record.
Ml
s
(dofun dag.source-record:create-vn ( source-record )

(lete¢( ( (oper trace-direction datum off-live)
source-record)
( operator (oper:operator oper) )
( group  (oper:group  oper) ) )

(r ;¢es A DEF?
R 11
( (== ‘def operator)
(loop (for (name me register) in (oper:part oper ‘body) )
b (vhen (1== ‘furace name) )
o

(:= *la.nev-defs-allowvedrs () )
(push ([Ih sdag.name:locations® name)
*(.(nane:me me) ,register) ) ) ) )

;ees A USE?

11

( (== "use operator)
(loop (for use-spec in (oper:part oper ‘body) )
(d (vhen (!== ‘*ftrace Ecar use-spec) ) )

o

(:= sdag.use?s t)
(dag.use-spec:create-use use-spec) ) ) )

;#s¢ A DEF-BLOCK?
ML
( (== 'def-dblock operator)
(:= els.new-defs—alloved?s () )
(dag.source-record:create-pseudo-op source-record) )

;%% A LOOP-START?
;eee
(== 'loop-start operator)
(:= edag.loop-start?s t)
(predecessors oper trace-direction () ) )

;#¢¢ A TRACE-FENCE?
Jees
(== 'trace-fence operator)
(:= #1s.loop-trace?s edag.loop-start?fs)
(predecessors oper trace-direction () ) )
;#9¢ An IN-PARAMETER?
Jeee
( (== 'in-parameter group)
(dag.source-record:create-in-parasster source-record) )

;*¢¢ An OUT-PARAMETER?
1]
( (== ‘out-parameter group)
(dag.source-record:create-out-paraseter source-record) )

:#++ Some randoa pseudo op?
( (ope;:;;opertyf oper ‘"pseudo-op)
(12 (memq operator ‘(def-block dcl esc assert) )
(tha%d:;.aonreo-rccord:eraato-paendu—op source-record) )
(alnzpradocennora oper trace-direction () ) ) ) )

:#¢¢ An "real” norsal operation.
;e
(t
(dag.source-record:create-operation source-record) ) )

0)))

2%

;#¢s (DAG.SOURCE-RECORD : CREATE-PSEUDO-OP

1 (OPER TRACE-DIRECTION DATUM OFF-LIVE) )

1ene

i¢%s Processes one pseudo-operation source-record from the trace, making
;%9s a PSEUDO-OP VN for that record.

1]

3
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(defun dag.source-record:create-pseudo-op
(‘?opar trace-direction datum off-live) )

(let ( (vn (vn:create (vm:new

type *pseudo-op
oper oper
datus datum) ) ) )
(predecessors oper trace-direction vn)
va) )
H
;..‘
;ees (DAG. RECORD : CREATE-IN-PARAMETER

SOURCE-
iees (OPER TRACE-DIRECTION DATUM OFF-LIVE) )
e
;#¢s Processes an XIN operation representing an input parameter by generating
;#¢¢ an FPLOAD that reads in the operand.
sous

(defun daf.sour:e—record:create-ln—paralater
( (oper trace-direction datum off-live) )

(1t E; ;na-e:rsax (oper:part oper ‘written) ) 0) (then

else
¢ (let+( (datatype (oper:dest-datatype oper) )
(vritten (oper:part oper ‘written) )
(address-vn (dag.operand:va °‘(address ,written) ) )
(load-op (caseq datatype
?float *fpload)
(integer °ipload) ) )

(va (vn:create (vn:new
type ‘operation
name written
oper ‘(,load-op ) () )
operand-vas *(.address-vn)
datua datum) ) ) )

(:= )([%h)tdq.nuo:nt written) vm)

Et#t

;es+ (DAG.SOURCE-RECORD : CREATE-OUT-PARAMETER

;e (OPER TRACE-DIRECTION DATUM OFF-LIVE) )

R

;8¢ Processes an xOUT operation representing an output paraseter by
;¢¢s generating an FPSTORE that stores the operand.

11

Ll

(defun dag.source-record:create-out-paraseter
(.{opar trace-direction datum off-1ive) )

(1f E; §nale:rlnk (oper:part oper °readi) ) 0) (then
(e

1se
(lete( (datatype (oper:dest-datatype oper) )
(readi (oper:part oper ‘readl) )

(address-vn (dag.operand:vn °*(address ,readl) ) )
(read-vn (dag.operand:vn readl) )
(store-op (ease? datatype

float  ‘*fpstore)

(integer °*ipstore) ) )

(va (vn:create (vn:new
type ‘operation
oper *(.store~-op () () )
operand-vns *(,address-vn ,read-vo)
datum datum) ) ) )
{a;s;rt read-vn "DAG: Operand doesn't have a VN.®)
va
e
BT

;#++ (DAG.SOURCE-RECORD : CREATE-OPERATION

H Al (OPER TRACE-DIRECTION DATUM OFF-LIVE) )

ML

;#ss Processes one operation source-record fros the trace, making an
;o+s OPERATION VN for that record.

TRES

(defun dag.source-record:create-operation
(‘foper trace-direction datum off-live) )

(let+( (vn (vn:create (vn:new
type (1f (memq (oper:operator oper)
*(iassign fassign vbase iconstant
fconstant) )
‘copy
‘operation)
datus  datua
nase (it E;= 'vetore (oper:group oper) )

(oyer:part oper ‘written) )
oper  oper) ) )
(pred-1ist (predecessors oper trace-direction wvn) ) )

;#%s Construct the operands read by this operation.
11

(:= (vn:operand-vns va) (dag.oper:operand-vmns oper) )

;#ss Construct the scheduling constraints.
jeee
(let ( ( (vns delays)
(dag.pred-11st:constraining-vnstdelays pred-list) ) )
(vn:constraining-vas vn) vas)
(vn:constraining-delays vn) delays) )

(:

;¢¢s Construct the list of off-live wvns.
H11] )
(:= (vn:off-1ive-vns wn)
(loop (for name in off-1ive)
(vhen (!== '§trace name) )
(bind off-1ive-vn (dag.operand:vn naame) )
(save off-live-vn) ) )

;#¢¢ If this VN writes a value, then record the VN under
;#s¢ the variable name written.
Ll

(1¢ tvn:nllo vn) (then

b
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(:= ([1h sdag.name:vn¢ (vn:name vn) ) vm)
(:= ([]h sdag.name:write-counts¢ (vn:name wvn) )
+1ae83)))

PO
;¢¢¢ (DAG.OPER:OPERAND-VNS OPER)

I88s

;#++ Returns the list of operand VNs read by OPER.
1568

(defun dag.oper:operand-vns ( oper )
(caseq (oper:operator oper)
( (ipload fpload)
*(.(dag.operand:vn (oper:part oper *index) ) ) )

( (ipstore fpstore)
*(,(dag.operand:vn (oper:part oper ‘index) )
,(dag.operand:vn (oper:part oper °‘value) ) ) )

( (ivload fvload)
*(.(dag.operand:vn *(vbase ,(oper:part oper ‘vector) )} )
. (dag.operand:va (oper:part oper ‘index) ) ) )

( (ivatore tvstore)
*(.(dag.operand:vn *(vbase ,(oper:part oper ‘vector) ) )
. (dag.operand:vn (oper:part oper °‘index) )
,(dag.operand:vn (oper:part oper ‘value) ) ) )

(vbase
*(,(dag.operand:vn *(vbase ,(oper:part oper °‘vector) ) ) ) )

(¢t
(loop (for operand in (oper:part oper ‘read) ) (save
(dag.operand:vn operand) ) ) ) ) )

;‘.t
;#¢+ (DAG.OPERAND:VN OPERAND)

1]

;#¢» Returns the VN corresponding to OPERAND, vwhich is either a variable
;#¢+ or a constant. If a previous VN for the variable or constant exists,
;*%¢ 1t is returned. Othervise, one is creatod.

1]

defun dag.operand:va ( operand
( tu-—ﬁ;ﬂ (m ([]h(tdzg.nnl}:mt operand) ) ) (then
vn
(else
(4f (1itatom operand) (then
(assert (memq operand ¢dag.live-befores)
(h operand) * DAG: Name not mentioned in LIVE-BEFORE 1ist.®)
(:= ([]h ¢dag.name:vne operand)
(vn:creates (vn:new
type *def
nase operand
( locations ([]h edag.name:locationss operand) ) ) ) )
else

(dag.constant:create-vn operand) ) ) ) ) )

E‘tt

;¢¢+ (DAG.CONSTANT:CREATE-VN CONSTANT)

Rl ’

;#s¢ Creates & nev VN for a constant (we know there isn’t currently one).
Rl

(defun dag.constant:create-vn ( constant )
(let‘? (datatype (caseq (typep constant)
? (double flonum) °float)
(¢t *integer) ) )
(locations ([]lh +dag.name:locationss constant) )
(imnediate? (constant:constant-generator-mes constant) ) )

;¢s¢ If desired, add this constant to the live-after list of
;#*¢ variables to cause it to be retained for the vhole trace.
MLl
(1f (if immediate?
(== 'retained-register ¢ls.immediate-constant-actions)
¢ (== ’'retained-register e¢ls.memory-constant-actions) )
then
(1f (for-overy (x in edag.live-after-constantss)
! (equalt x constant) ) )
(then
(push edag.live-after-constants¢ constant) ) ) ) )

(r ;s Any locations for the constant given in the DEF at
;##¢ the beginning of the trace? If so, use thea.
BT
( locations
(:= ([1h »dag.name:vn* constant)
(vn:create (vn:new

type ‘def
constant? ¢
name constant

locations locations) ) ) )

;#ss No constant generator can make this constant and
;#%s We're not alloved to make up new DEF locations? Make
;¢ss an XPLOAD of the constant from memory.
Rl
( (e& (|1 (! ¢ls.nev-defs-alloved?s)
(== ’load ¢ls.memory-constant-actions) )
(! immediate?) )
(let ( (address-van (dag.operand:vn *‘(address ,comnstant) ) )
(load-op (caseq datatype
?flnlt *fpload)
(integer °ipload) ) ) )
(:= ([IJh sdag.name:vne constntr
(vn:create (vn:new

type ‘operation
naae constant
oper “(,10ad-op () () )

operand-vas ‘(,address-vn) ) ) ) ) )

;es¢ Just sake a normal constant VN.
;088

. .
(:= ([Jh ¢dag.name:vn¢ constant)
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)

(vn:create (vn:new

type ‘def

conatant? t

nase constant) ) ) ) ) ) )
;ttt
;o4 (DAG.LIVE-NAME:CREATE-USE NAME)
)

;ess Makes a USE VN for a name that is live on exit from the trace. A
;#¢¢ USE VN may already exist for NAME, created by a USE on the trace.
M1l

(defun dag.live-name:create-use ( name )
(12-let ( (va ([]Jh *dag.name:use-vne name) ) ) (then
v

(else
(:= ([Ih ¢dag.name:use-vn¢ name)
(vn:create (vn:new
type ‘use
naae nane
operand-vas ‘(,(dag.operand:vn name) ) ) ) ) ) ) )

ieee

;¢¢¢ (DAG.USE-SPEC:CREATE-USE (NAME ME REGISTER) )

il

;ss¢ The 1list (NAME ME REGISTER) occurred in a USE in the trace. A USE
;¢s¢ VN for NAME is created if one doesn’'t exist for it already, and it
;#++ ip updated by the specified value location.

Rl

(defun dag.use-spec:create-use ( (name me register) )
(12-1et ( (vn ([]Jh ¢dag.name:use-vne name) ) ) (then
(P;llb (vn:locations vn) ‘(,(name:me me) ,register) )
v
(elee
(:= ([1h sdag.name:use~vn¢ name)
(vn:create (vn:new

type ‘use

name nase

operand-vns *(, (dag.operand:va name) )

locations ‘C (.(name:me me) ,register) ) ) ) ) ) ))
Ty
;#¢9 (DAG.PRED-LIST:CONSTRAINING-VNSA&DELAYS PRED-LIST)
11

;#¢+ PRED-LIST is the result returned by a call to PREDECESSORS that

;o¢¢ describes the predecessors of an operation. This returns the

;#¢¢ VN8 that constrain the scheduling of an operation (e.g. conditional-
;#e% conflict VNs or vrite-after-write VNs); operand VNs are not included.

;#¢+ list of numbers saying how much later the current VN must be done
;+¢¢ after the predecessor VN.
1]

(defun dag.pred-list:constraining-vnskdelays ( pred-list )
(loop (for (pred reason source-operand source-type pred-operand pred-type)
in pred-list)

(initial vns
delays () )
(do
(caseq reason
( (conditional-conflict possible-operand-conflict)
(push vns pred)
(push delays 1) )
(operand-conflict
(?( (a& (== *written source-type)
== ‘read red-type) )
(push vns pradg
(push delays 0) )
( (2% (== *vritten source-type)
(== 'written pred-type) )
(push vns predr
(push delays 1) )
( (&8 (== ‘read gource-type)
(== ‘written pred-type) )
(let ( (pred-oper (vn:oper pred) ) )
(1¢ gll (oper:property? pred-oper ‘'vector-reference)
(== (oper:part pred-oper ‘vector)
(nth-elt (cdr pred-oper) pred-operand)))
(then )
(push vns pred)
(push delays 1) ) ) ) ) ) )
(¢
(error (list pred-list ®"DAG: Invalid pred-11st.®) ) ) ) )
(result
*(.(dreverse vns)
., (dreverse delays) ) ) ) )
188
R
;#ee (DAG.SET-SUCCESSOR-VNS)
1608

;##¢ Sets tho successor fields of each VN from its successors’ predecessor
1898 flelde:

T

Rl :READING-VNS from :OPERAND-VNS

H 1] :CONSTRAINED-VNS from :CONSTRAINING-VNS
Hll :0FF-LIVE-READING-VNS from :OFF-LIVE-VNS
1688

ML

;¢¢¢ The result has the fora: (defun dag.set-successor-vne ()

Y

HLL (VNS DELAYS) (loop (for-each-vn vn) (do

1eee (loo% (for operand-vn in (vn:operand-vms vn) ) (do
;¢¢¢ vhore VNS is a list of predecessor VNs and DELAYS im a corresponding push (vn:reading-vns operand-vn) wvn) ) )

9 10
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(loop (for off-live-vn in (vn:off-live-vns vm) ) (do

?pneh (vn:off-1ive-reading-vne off-live-vn) vn) ) )
(loop (for comstraining-vn in (vn:constraining-vas vn) ) (do
0 )?gnnh (vn:constrained-vns constraining-vn) vn) ) )

(loop (for-each-va wn) (do
(:= (vn:reading-vns vn) (dreverse kkk) )
(:= (vn:constrained-vne vn) (dreverse &tt) )
0 )(:= (va:off-1ive-reading-vns vn) (dreverse &&k) ) ) )

Etto
;¢¢¢ (DAG.NAME: TRACE-VRITE-COUNT NAME)
11

(defun dag.name:trace-write-count ( name )
[Ih ¢dag.name:write-counts name) )

tees
;#¢s (DAG.NAME:USE-VN NAME)
1988

(defun dag.name:use-vn ( name )
([)h *dag.name:use-vne name) )

Rl
11}

;s (DAG.REMOVE-DEAD-VNS)

(e

;¢s¢ Removes dead code from the DAG (excessive copying by the bookkeeper
;e9¢ can make dead code). A VN is dead if 1t has no readers or off-live
;¢ss readers. removing a dead VN can make its operands neUI{ dead, so
;#%¢ ve use a standard iterative algorithm to remove them all.

;08

(defun dag.remove-dead-vns ()
(let { (to-do
(loop (for-each~vn vn)
(vhen (dag.vn:dead? wvn) )
(save ) ) ) )

(loop (vhile to-do)
(bind vn (pop to-do)
- operand-vns (vn:operand-vas vn) )
(vn:delete vn)

(loop (for operand-vm in operand-vas)
@ (vhen (dag.vn:dead? operand-vm) )
o
(pust to-do operand-va) ) ) ) )

(loog (for-each-vn wvn) (do
assert (! (dag.vn:dead? wn) )

&35 (h vn) t "DAG: A dead VN 18 still left.®) ) )

(defun dag.vn:dead? ( wva )
(e& (vn:naae vn)
(peeq (vn:type vn) °(operation copy def) )
(! (vn:reading-vns van) )
(! (vn:off-live-reading-vms vn) ) ) )

;ttt
;*s* (DAG.SET-COUNTS)
1888

(defun dag.set-counts ()
(loop (for-each-wvn wvan) (do
%:= (vn:predecessors-left va)
(+ (length (vn:operand-vns ) )
(length (vn:constraining-vns va) ) ) )
(:= (vn:readers-left vn)
(+ (length (vn:reading-vns va) )
T (length (vn:off-1ive-reading-vms van) ) ) ) ) )

1
H T

;¢#es (DAG.PRINT [DEPTH-FIRST?])

s

;¢¢¢ Dumps out the dag in pretty debugging format: if DEPTH-FIRST? then

;#¢+ the dag 1s printed out in a depth-first order. If DEPTH-FIRST? 18 a VN
;¢+¢ then only the VN and its descendents are printed.

ieen

HL

(declare (special
;d;‘.?lllt‘d-?ﬁ"

(defun dag.print (&optional depth-first?)
(let.i (¢dag.visited-vns® +vn-get.empty-sets) )

(1f depth-first? (then
(1f (vn:is depth-first?) (then
- (dag.vn:depth-first-print depth-first?) )
else
(100{ (for vn in sls.entry-vanss) (do
boi dag.vn:depth-first-print vn) ) ) ) ) )
else
(loop (for-each-wvn wvan) (do
0)) (va:print vn) ) ) ) )

(defun dag.vn:depth-first-print ( vn )
(12 (! (vn-set:member? edag.visited-vnss vn) ) (then
(:= ¢dag.visited-vns¢ (vn-set:unioni &2& vn) )

(va:print wn)
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)

(1oo¥ (for reading-vn in (vn:reading-vas vn) ) (do
d;f.vn:dept.ls-nrat.-prut reading-vn) ) )

0))
oo
;e¢¢ (DAG.CHECK-CONSBISTENCY)
seee

;¢¢¢ Checks to make sure that the DAG is consistently constructed (all
;##+ double links properly maintained, correct entrance and exit nodes,
;ees otc).

Jeve

(defun dag.check-consistency ()
(loop (for wvn in sls.entry-vass) (do
guurt. (2g (== "def (vn:type vn) )

(! (vn:operand-vas ve) )
(! (vn:constraining-vns vn) ) )
(hvn) )))

(loop (for vn in sls.exit-vnss) (do
?usort (a8 (Il (== ‘use (vn:t.gpe vn) )
(! (vn:name vn) ) )

(! {(vn:reading-vns vn) )
(! (vn:constrained-vns vn) ) )
(h v) ) ))

(loop (for-each-vn wvn) (do

(1¢ (a& (! (vn:operand-vms vn) )
tan (! (vn:constraining-vns vn) ) )

en
(assert (&8 (memq vn #ls.entry-vnse)
(== 'def (vn:type vn) ) )
(h vn) ) ) )
(loop (for operand-vn in (vn:operand-vas wvn) ) (do
(assert (memq va (vn:reading-vns operand-va) )
(h vn) t (h operand-vn) ) ) )

(loop (for constraining-vn in (vn:constraining-vms va) ) (do
?uurt (memq vn (¥n:constrained-vns constraining-vn) )
(2 vn) ¢ (b constraining-vn) ) ) )

(loop (for off-live-vn inm (vn:operand-vmes vn) ) (do
gunn (memq vn (vn:off-live-reading-vmns off-live-vn) )
(h 7:) t (b off-1ive-vn) ) ) )

(1z (a2 (! (vn:reading-vns vn) )
(1 (vn:constrained-vns wvn) ) )
(then
(assert (&% (memq vn *1s.exit-vnsse)
(== 'use (va:type va) ) )
(hva) )))
(loop (for reading-vn in (vn:reading-vas va) ) (do
guurt (senq vn (vn:operand-vns resding-va) )
(2 v;l) t (b reading-vn) ) ) )

(loop (for comstrained-vmn in (vn:constrained-vas wvn) ) (do
Euun (memq va (vn:constraining-vas constrained-vn) )
(h v2) t (b constrained-vn) ) ) )

(loop (for off-live-reading-vn in (vn:off-1ive-reading-vas vn) ) (do
(agsert (memq vn (vn:off-live-vns off-1ive-reading-vn) )
0) (2 vn) ¢t (b off-live-reading-vn) ) ) ) )

Hll
1l
;¢¢s (CYCLE:DELAYS:CONSTRAINED-CYCLE CYCLE PD SD €D)
H1l)

(defun le:delays:constrained- le ( 1 d cd
TR e

Jees
seee
;#*+ (CYCLE:DELAYS:CONSTRAINING-CYCLE CYCLE PD SD CD)
sese

(defun cycle:delays:constraining-cycle ( cycle 8d cd )
(- c;clo (+ cs (max 0 (- p:ls;dg ))) g N
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