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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
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(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)

7
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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)

11
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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

13
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Rl (IIT T ) ))
;#¢s Copyright (C) 1688 John R. Ellis. This file may be used for TITTTT Y]
;es¢ educational and research znrposau only, by the faculty, students, se¢ssssss
;#s+ and staff of Yale University only. sssesee

E This file should be included at compile time by all modules of
: LIST-BCHEDULER,

(declare (special
¢hash-table.not-founds

;*¢s MACHINE-MODEL

Bl
sls.ne-universes
¢ls.register-bank-pess
*ls.constant-generator-sogs
¢ls.functional-unit-mess

;eee VN

R
¢18.vn-univeraes
eVn-got.ompty-sete

;e¢s DAG

211
sls.entry-vnss
sls.exit-vnos
¢lp.new-defs-allowed?s
*1s.loop-tracets

;#¢+ SCHEDULER

H11]
s1s.max-schedule-aizes
sls.schedules
s1s.last-cycles
sla.cycles

;%89 Options

H 11
+1s.ianediate—constant-actione
+la.memory-constant-actions
s1s.trace-informationte
olg.tilad-tnnctionnt

(eval-vhen (compile)

(build *(
utilities:visible-fields
utilities:sharp-sharp
utilities:bit-set
utilities:object-universe
utilities:array
utilities:loop-min-max

interpreter:naddr

list-scheduler:machine-model
1ist-scheduler:vn

1 2
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;¢se Copyright (C) 1088 John R. Elliz. This file may be used for
;#+s educational and research {urpoﬂan only, by the faculty, students,
;#+¢ and staff of Yale University only.

sREEENE
(1121211
stk s

16k

The ELI model used by Rutt's CG experiments.

(alias °~= ‘*atomconcat)

(defnacro def-bus ( mel me2 numbsr-of-values )
(let ( (resource-name (atomconcat mel '<-> me2) ) )
*(eval-when (eval load)
(def-connection ,mei ,me2 ( (,resource-name) ) )
(def-connection ,me2 ,mei ( (,resource-nase) ) )
(def-resource-class ,resource-pame ,number-of-values) ) ) )

(defun em.cluster ( 1 (unique-name unique-fields) )
(let ( (ci (atomconcat 'c 1) )

(ci-8 (atomconcat °‘c (mod (-~ 1 8) 8) ) )

(ci-1 (atomconcat 'c (mod (- 1 1) 8) ) )

(ci+t (atomconcat "c (mod (+ 1 1) 8) ) )

(ci+3 (atomconcat °‘c (mod (+ 1 8) 8) ) )

°(
:;¢++ Register bank CiR
I
(def-me (name ™" ci °r) )
(type register-bank)
(size 04§
(inputs (.(~ ci1-8 'r)
(== e1-1 'r)
(™~ c1 ’r)
(" ci+1 °r)
(" c1+8 ‘r)
(™ el ‘c)
(™ ct  m)
N Gl S ALY |
N Gl TR
+.(1f unique-name
*(,(*~ ci unique-name) )
0)))
(read-ports [}
(wvrite-ports 8)
(read-resources ( (,(™ ci "r-read) ) ) )
(write-resources ( (,(** ci ‘'r-vrite) ) ) ) )
(def-resource-class ,(~~ ¢i °r-read) 8)
(def-resource-class ,(~~ ci °r-write) 8)

;#s+ Integer adder Ci+

je4e
(def-me (name el t4) )
(type functional-unit)
(delay 0)
(inputs (.(~~ c1 'r)

(" el 'e) ))
(resources ( (,(~~ci *+) ) ) )
(operators (float fix inot 1div isub ieq imax imin

iadd ineg ior ige 1lt ile ine iexp imul igt
iand iabs bitrev iland tlor) ) )
(def-resource-class ,(™" ci *+) 1)

:%%s Integer tester Ci=
11

(det-me (name (et =) )
(type functional-unit)
(delay 0)

(.(*~ et °r)
("" el %e) ) )
(resources ( (,(*~ ec1 =) ) ) )
(operators (1f-true if-false 1f-ilt 1f-1gt if-1eq 1f-ine
1f-1le 1f-ige if-ieq if-ine if-ile if-ige)))
(def-resource-class ,(~~ ci °=) 1)

(inputs

;¢%s Memory CiM
1)

(def-me (name A ci 'm) )
(type functional-unit)
(delay 8)
(inputs (., ("~ c1 'r)
(el 'e) )

)
(resources ( (, ("~ ci 'm) ) ) )
(operators (vbase ivload fviosd ipload fpload ivstore
fvatore ipstore fpstore) ) )
(def-resource-class ,(~~ ci 'm) 1)
;#%s Constant generator CiC
HLL L
(def-me (name el ) )
(vype constant-generator)
(resources ( (,(*~ec1 *¢c) ) ) )
(constraint-function em.immediate-constantf?) )
(def-resource-class ,("~ ci ‘¢) 1)

;*+s» Unique functional-unit
MLl
. (if unique-name (then
*( (def-me (name ,(*~ ¢1 unique-name) )
(type functional-unit)
(inputs (.(> c1 °'r)
(el 'e)))
(resources ( (,(~ ci unique-name) ) ) )
., .unique-fields)
(def-resource-class , (™" ci unique-name) 1) ) )
(u%;c

;%¢* Bus connections

ieee
(def-dbus ,(~~ c1-8 °'r) ("~ ci °'r) 1)
§d;!;buo L(*= e1-1 'r) ,(™™ ¢ci 'r) 1)

(:= en.floating-test
. fg

( (delay 0)
(operators (if-flt 1f-fgt if-feq 1f-fne if-fle if-fge

flt fgt feq fne fla  fge) ) ) ) )

1
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(:= em.floating-multiply
*(te

( (delay 3)
(operators (fmul imul) ) ) ) )

(:= em.floating-add
. ("
( (delay 2)
(operators (fsud fadd fneg fain fmax fabs fdiv cos sin sqrt f1t fgt
feq fne fle fge frecip freqrt) ) ) ) )

(defun em.immediate-constant? ( constant )
(?( (inuap constant)
(&& (< constant 2047)
(> constant -2048) ) )
( (? 0 constant)
t
( (consp constant)
(== *address (car constant) ) )

(t
0)))

(defun load-constant? ( conatant )
(1f (em.immediate-constant? constant) (then
(t== "load #ls.iamediate-constant-actions) )
(else
t)))

(eval *(def-machine-model

+.(em.cluster 0 em.floating-add)
..(en.cluster 1 em.floating-add)
+o(en.cluster 2 en.floating-sultiply)
.. (en.cluster 8 em.floating-add)
+.(em.cluster 4 em.floating-add)
..(em.cluster 5 () )

».(em.cluster € em.floating-multiply)
.. (em.cluster 7 em.floating-add)

))

3
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;eee sressess

GENERATE CODE EDOK

: This module provides a hook to save s snapshot of a trace and the
; disambiguator information in a file, s0 that we can excercise the code
generator without needing to run the whole compiler.

Load this file into the compiler running the ideal code generator.
The ¢TR.GENERATE-CODE-HOOK* will automatically be set. A breakpoint
will occur during esch trace. To save that trace in a file do:

(SAVE-TRACE name)

A snapshot of the trace will be saved in the file name-n.TRACE, where "a"
: 1s the number of the trace.

The file writtea looks like:

sysbol-table
live-before
source-record-list
live-after
predecessors-results)

:; where "live-before®, "source-record-list®, and ®"live-after" are the
; arguments to GENERATE-CODE, and "predecessors-results” is a list of
the results of PREDECESSORS called on each of the operations im the
trace in turn (not including any DEFs or USEs); the datum handed to
PRED is the integer position of the operation im the trace.
®"symbol-table" is a 1list of tuples of the form:

(naze datatype rank)

: This fi1le can thon be used later on with TEST-BED to simulate the
; compiler interface without needing the whole compiler present.

: By setting the global ¢GCH.AUTOMATIC?* to some name XXX, then SAVE-TRACE
; ¥ill sutomatically be called with argument °XXX on each trace.

:
»
:
.
:
L
:
L
.
L
:
’
:
Ll
:
L]
:
L]
:
L]
:
.
;
»
.
L
:
Ll
L]
:
L]
:
L]
:
;  (:= name-n
.
Ll
:
L]
L]
L 3
:
.
.
.
:
L
:
L
.
L]
»
L[]
»
.
»
»
L
L]
Ll
:
’
:
L

(declare (special
egch.live-befores
sgch.source-record-liste
sgch.live-afters
;g;h.lntollsic?t

(:= str.gonerate-code-hooks ‘ls.generate-code-hook)
(:= sgeh.trace-nuabers 0)

(:= egch.automaticte () )

(defun ls.generate-code-hook

(12 (! egch.source-record-liste) (then
(:= egch.trace-nusbere 0) )
(else
(:= sgch.trace-nusbers (+ &&& 1) )
(if egch.automatic?+ (then
(save-trace ¢gch.automatic?s) )
(else
iy (break-point 1s.generate-code-hook) ) ) ) )

(defun save-trace ( name )
(let ( (trace-name (atomconcat name "-* sgch.trace-numbers) ) )
(iota ( (file (stconcat trace-name ®.trace”) '(out newversion) ) )
(let ( (new-source-record-1list () )

(predecessors-11ist 0)
(first-op

(oper:operator (car (car egch.source-record-1ist+))))
(last-op

(oper:operator
(car (last-elt egch.source-record-lists) ) ) ) )

(1f (!== 'def first-op) (then
(push *gch.source-record-liste *( (def) O O O ) ) ) )
(12 (!== 'use last-op) (then
(:= #gch.source-record-liste
(append1 222 *( (use) O ) ) ) ) ) )

(start-trace)
(loop (for (oper trace-direction datum off-live)
in sgch.source-record-lists)
(incr 1 fros 0)
(do
(push new-source-record-list
‘(,oper ,trace-direction ,i ,off-live) )
(push predecessors-list
%1: E?per:property? oper ‘paeudo-op)

(predecessors oper trace-direction 1) ) ) )
(result
(:= new-source-record-1ist (dreverse k&k) )
(:= predecessors-1ist (dreverse &&8) ) ) )

(fasg file
%(:= ® trace-name " ‘(" t ¢

l(ﬂt
(e (loop (for-each-name name) (do
('ssu ]
nazme " *
(nape:datatype name) * *
; (nape:rank name) ")* %) ) ) )
LA ] tt

(h *gch.live-befores 10000 10000)
(r new-source-record-list 10000 10000)
(h *gch.live-afters 10000 10000)
(? ysedgcesaors-list 10000 10000)
- L

(filename file) ) ) ) )

( *gch.live-befores sgch.source-record-11sts sgch.live-afters )
1

2
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: (HEIGHTS-DEPTHS.ASSIGN)

E Sets the :DEPTH of each VN t0 be the minimum estimated time that the
; VN's operation can be scheduled, using the :DELAY of operators to

; mako the estimato (and assuming infinite resources).

; Sets :HEIGHT to be the minimum time from an exit of the DAG.

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

(defun heights-depths.assign ()
(loop (for vn in ¢ls.exit-vnse) (do
%hd.vn:asslgn-dapsh wm) ) )

(loop (for vn in els.entry-vnss) (do
0 )(hd.vn:sssign-hezght ) ) )

(defun hd.vn:assign-depth ( va )
(1f (vn:depth wvn) Tuhan
(vn:depth vn) )
(else
(let ( (delay (hd.vn:estimated-delay wvn) ) )
(:= (vn:depth vn)
(loop (for operand-van in (va:operand-vas va) )
(reduce max 0 (+ (hd.vn:estimated-delay operand-va)
(hd.vn:aseign-depth operand-vm)))))

(:= (vn:depth wn)
(loop (for constraining-vmn in (vn:constraining-vas W) )
(for constraining-delay in (vn:constraining-delays wn) )
(reduce max
(vn:depth vn)
(cycle:delays:constrained-cycle
(hd.vn:assign-depth constraining-vn)
(hg.vn:elcilauad-delly constraining-vn)
delay
constraining-delay) ) ) )

(va:depth vn) ) ) ) )

(defun hd.vn:assign-height ( va )
(12 (vn:height vn) (then
(vn:height vn) )

(else
(let ( (delay (hd.vn:estimated-delay wvan) ) )
(:= (vn:height wvn)
(loop (for reading-va in (vn:reading-vas va) )

(reduce max 0 (+ delay
(hd.vn:assign-height reading-vn)))))

(:= (va:height wn)
(loop (for constrained-vn in (vn:constrained-vns va) )
(reduce max

(vn:height vn)

(cycle:delays:constraining-cycle
(hd.vn:assign-height constrained-vn)
delay
(hd.vn:estimated-delay constrained-vn)
(vg:go?strnined-vn:dalsy vn constrained-vn)

(vn:height vn) ) ) ) )

(defun hd.vn:estimated-delay ( vn )
(caseq (vn:type wn)
( (de{ defi use usel copy pseudo-op)
(]
( operation
(+ 1 (operator:min-delay (vn:operator va) ) ) )

t
(error (1ist vn “HD.VN:ESTIMATED-DELAY: Case error.®) ) ) ) )

1

2
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Top level driver for invoking the list-scheduling compiler.

s meme meme

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

(declare (special
slgex.codes ;¢#¢+ The most recent TinyLisp code,
*lsex.actual-paranse® :#¢s The most recent actual parameters.
¢lgex.unoptimized-naddres ¢+ The NADDR straight out of TinyLisp.
slgex.optinized-naddr¢ ;¢#+ The flow-analysis-optimized NADDR.
slsex.compacted-program+ ;¢+# The compacted ELI prograa.

;g;h.tnt.onulch ;¢ss Hack debuggling

(declare
(lexpr time-functions)
(lexpr options.print)
§loxpr print-functione-tises)

(options.set °timed-functions °(
coapile-tiny-1lisp
fa.analyzekoptimize
coapact

generate-code
bug.assign-mes
sch.schedule
?1;nlute

(defun lsex ( &optional (code +1lmex.codes)
(actual-parass #lsex.actual-parasse) )
(lsex.initialize () )

(:= slsex.codes code)
(:= slsex.actual-params+ actual-paraas)

(msg O t (e (options.print) ) O t)
(unwind-protect
(let ()
(12 sls.timed-functionss (then
(apply 'time-functions ¢ls.timed-functionss) ) )

(17 (atom *lsex.codes) (then
(:= slsex.unoptimized-naddrs
(skex.filoname:read-naddr ¢lsex.codes) )
(:= tlsc:.ogtinizod-nlddro
(fa.ana

(else

yzeRoptimize ¢lsex.unoptimized-naddre () ) ) )

(:= slsex.unoptimized-naddrs
(compile-tiny-11isp ¢lgex.codes) )
(i= slgex.optimized~naddrs
(fa.analyzekoptimize ¢lsex.unoptimized-naddrs t) ) ) )

(:= elsex.coapacted-prograne
(mis-to-eli (compact slsex.optimized-naddrs) ) )

(msg O t)
(simulate *lsex.compacted-progras+ actual-parass)
(eimulator.print-execution-statistics)

(1f sls.tined-functions¢ (then
(msg 0 t (e (print-function-times) ) t) ) )

0)

(1f e¢ls.timed-functionss (then
(apply ‘untime-functions #l1s.timed-functionss) ) )
(:= egch.automaticts () ) )

0)

(defun lsex.re-cg ()
(1sex.initialize t)
(unvind-protect
(let ()
(1f els.timed~functionss (then
(apply °"time-functions ¢ls.timed-functionss) ) )

(:= slpex.compacted-prograns
(nis-to-ofi (compact #lsex.optimized-naddre) ) )

(msg 0 t)
(simulate #lseox.compacted-programs slsex.actual-paraase)
(simulator.print-execution-statistics)

(1t sls.timed-functionss (then
(meg 0 t (o (print-function-times) ) t) ) ) )

(1f *1s.timed-functionse (then
(apply ‘untime-functions ¢ls.timed-functionss) ) )
o )(:= sgch.automatic?s () ) )

(defun lsex.initialize ( re-cg? )
(tr.initialize)
(initislize-code-generator)
(1t (! re-cgf) (then

(fa.initialize)
(de.initinlize)

(:= slsex.codes 0)
(:= slsex.actual-paraass 0)
(:= slsex.unoptimized-naddre () )
(:= slsex.optimized-naddre () )

.
.
.

(1et(( (old (gegag t) ) )

(gc 1d) )
cgag ©
0) EcEng

L
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: LIST-SCHEDULER OPTIONS

(eval-when (compile)
(build *(utilities:options) ) )

(def-option ¢ls.immediate-constant-action* ‘retained-register list-scheduler: ®
Deteraines the strategy for handling immediate constants. One of:

LOAD
The constant 15 always taken froa the nearest constant generator.
REGISTER
The constant is assigned one or more registers at the beginning of
the trace.
RETAINED-REGISTER
The constant 1s assigned one or more registers which are kept live
; for the entire trace. Approximates loop-invariant motion on constants.
-

(def-option ¢ls.memory-constant-actions °retained-register list-scheduler: ®
Determines the strategy for handling non-immediate constants that must
be loaded from memory. One of:

LOAD
The constant is alwvays loaded from memory on the current trace.
REGISTER
The constant is assigned one or more registers at the beginning of
the trace.
RETAINED-REGISTER

The constant is assigned one or more registers which are kept live
for the entire trace. Approximates loop-invariant motion on constants.
")

(def-option ¢ls.trace-inforsationts¢ t list-scheduler: *®
If true, then various markers are left laying around in compacted code
g;ving the origins of the code.

(def-option ¢ls.timed-functionse () list-scheduler: *

If non-(), then this is the list of functions that will be timed during
u;ch LSEX run.

L]

1
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: MACHINE MODEL (DEF-MACHINE-MODEL
(DEF-ME (NAME ...) (TYPE ...) ...)

This module implements the basic machine sodel used for the list scheduler. (DEF-ME ...)

: A machine consists of several machire elements (MEs) forming a connected (DEF-ME ...)

graph.
ME

;DEF-CDNHECTIOI A
Defines a machine model. Undocumented.

(MACHINE-MODEL.INITIALIZE)
Initializes this module.

.
.
.
*
.
I
.
.
.
.
.
.
Ll
.
.
.
.
.
(

def-struct me

name The print-name of this element. (NAME:ME NAME)
Returns the ME that has a given name, raising an error if not found.
number A unique nusber for bit-sets and vector
manipulation. (NAME-LIST:ME-LIST NAME-LIST)
Maps a 1ist of ME names onto a corresponding list of MEs.
type One or REGISTER-BANK, FUNCTIONAL-UNIT,
CONSTANT-GENERATOR. (ME-LIST:NAME-LIST ME-LIST)
Returns the list of names corresponding %o & list of MEs.
inputs The MEs connected to the inputs and outputs
outputs of this ME. #8ME name
Interactive syntax for referencing an ME by name.
operators FUKCTIONAL-UNIT: List of NADDR operators
implemented by this ME. (ME:ME:RESOURCES ME1 ME2)
ME2 should be one of the outputs of ME1; returns the resource request
delay FUNCTIONAL-UNIT: The time it takes for the fu needed to move a value from the output of ME1 to the input of ME2.

to complete, minus 1. I.e. a i1-cycle integer
adder has O delay.

FUNCTIONAL-UNIT, CONSTANT-GENERATOR: A boolean
function that takes one argusent, a VN, returning
true if the VN can be calculated on this ME.

(ME:DATUM:OK? ME DATUM)

True if DATUM satisfies the :CONSTRAINT-FUNCTION of ME. If ME is
constraint-function a constant generator, DATUM is a constant; otherwise DATUM 1s a VN.
¢LS .REGISTER-BANK-MES»
¢LS . FUNCTIONAL-UNIT-MES*
¢LS .CONSTANT-GENERATOR-MES+

Lists of the various types of MEs.

(OPERATOR : FUNCTIONAL-UNIT-MES OPERATOR)
Returns the list of functional unit MEs that implement a NADDR operator.

FUNCTIONAL-UNIT, CONSTANT-GENERATOR: The resource
request needed to use the ME.

resources

read-resources
write-resources

REGISTER-BANK: The resource requests needed
to do a read or write operation on the bank.

size REGISTER-BANK: The number of registers in the (OPERATOR :MIN-DELAY OPERATOR)
bank. Returns the minimum delay (over all functional units) needed to compute
a NADDR operator.
read-ports REGISTER-BANK: The numbers of read and write
write-ports ports. (CONSTANT : CONSTANT-GENERATOR-MES CONSTANT)

Returns the constant generators capable of generating CONSTANT;
returns () 1f no generator generates the constant. Uses a hash
table that lives for the life of the machine model to remember

previous results.

registers-left REGISTER-BANK: The number of unallocated registers.

values REGISTER-BANK: A vector of the current contents

of the registers.

M WA W WA B s ME W s W W WE WA WS W Wr B Wr e Wy s Wy e e wE WA W W WS WS B W We B ML B W B s ma s W WA NS WA W WS R R WS B RS

cycles-free REGISTER-BANK: A vector giving the first cycle that

L R R R T T T T R R T R T T T

an unused register is available. (visible-fields me name)
value-names REGISTER-BANK: A vector of the current names
of the register contents. (eval-when (coapile load)
(include list-scheduler:declarations) )
1 2
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(declare (special
eam.naRe:pes
*am.me:Re:regourcess
*pR.connectionss
soE.operator:mess
*an.operator:ain-delays
;ll.constnns:leat

(eval-when (eval compile load)
(def-object-universe ¢ls.me-universes
(object-name me)
(zapping-type nuabered-objecta)
(object-number-function
(lambda ( object )
(me:nuaber object) ) )
(set-object-number-function
(laabda ( object number )
(:= (mo:number odject) number) ) )
(1nitial-size 100) ) )

(defun machine-model.initialize ()
(resource.initialize)
(shortest-path.initialize)
(me-universe:initialize)

(:= emm.name:me+ (hash-table:create () () () ) )
(:= emm.operator:mess (hash-table:create () () () ) )
(:= sam.constant:mess (hash-table:create ‘equalt () ) )
(:= san.operator:sin-delays (hash-table:create () () 100000) )
{:= *on.me:me:redourcess )

(:= *ma.connectionss 0

(:= slp.register-bank-mess+ Q)

(:= ¢ls.constant-generator-sess () )

E;:)tls.tuncaion -unit-mese 0)

(defun name:me ( name )
]h *mm.name:me* name)
(error (1ist nase °NAME:ME: Invalid ME name.®) ) ) )

(defun name-1list:me-1list ( name-list )
(loop (for name in name-list) (save
(name:me nasme) )

(defun me-1ist:name-11ist ( me-1iat )
(lno? (for me in me-1list) (save
me:name me) ) ) )

(defun me:me:resources ( mel me2 )
(?( (1 met)

Q)
( (1 me2)
0)

%
((Ja *mn.mo:me:resources+ (me:nuaber mel) (me:number me2) ) ) ) )

(defun me:create ( me )
(me-universe:add me)
(:= ([Jh *sa.nape:me+ (pe:name me) ) me) )

(defun machine-model.finalize ()

;¢¢¢ Construct the lists of the different type MEs.
sese
(loop (for-each-pe me) (do

(cagseq (me:type me)
(register-bank (push sls.register-bank-ness me) )
(constant-generator (push ¢ls.constant-generator-sess me) )
Ernnctzansl-unit (push *1s.functional-unit-pess me) )
t

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

;#3s Intialize the register bank MEs.

T
(loop (for me in *ls.register-bank-mes*) (do

:= (me:values pe) (makevector (me:size me) ) )
(me:cycles-free me) (makevector (me:size me) ) )
(me:value-names me) (makevector (me:size me) ) )
(me:avold? ne) (makevector (me:size me) ) )
(me:registers-left me) (me:size me) ) ) )

L L Lo L
R
nuonn

;*+¢ Replace ME names by the actual MEs, and construct
;¢+¢ ME:OUTFUTS froa :INPUTS.
T 1]
(loop (for-sach-me me) (do
?:= (me:inputs me) (name-list:me-list &&&) )
(:= (me:outputs me) (name-list:me-list &28) ) ) )

(loop (for-each-me me) (do
(loop (for input-me in (me:inputs me) ) (do
(:= (me:outputs input-me) (unionql &k me) ) ) ) ) )

(loop (for-each-me me) (do
(:= (me:inputs we) (dreverse &&&) )
(:= (me:outputs me) (dreverse &&&) ) ) )

(loop (for-each-me me) (do
(loop (for input-me in (me:inputs me) ) (do
?ssserﬁ (nemq e (me:outputs input-me) ) ) ) )
(loop (for output-me in (me:outputs me) ) (do
(assert (memq me (me:inputs output-me) ) ) ) ) ) )

;#ss Inatantiate the names of resource classes within resource
;%% requests.
Rl
(loop (for-each-me me) (do
¥:= (me :resources pe) (resource-request:instantiate &&k) )
(:= (me:read-resources me) (resource-request:instantiate &&2) )
(:= (me:write-resources me) (resource-request:instantiate &k&) ) ) )

;¢s+ Construct the ME->ME connection-resource table.
LT
(:= spa.me:me:resourcess
(array:new ‘(,(me-universe:size) ,(me-universe:size) ) ) )

3
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(loop (for (namel name2 resource-request) in ¢mm.connectionss)
(bind mel (name:me namel)
¢ me2 (name:me name2) )
do
(asgert (memq me2 (me:outputs mel) ) )
(:= ([)a *am.me:pe:resources¢ (me:number mol) (me:number me2) )
(resource-request:instantiate resource-request) ) ) )

;#ss Construct the operator tables.
;88
(loop (for-each-me me) (do
%1009 (for operator in (me:operators me) ) (do
(push ([Jh ssm.operator:mess operator) me)
(:= ([Ih sam.operator:min-delays operator)
(ain 222 (me:dolay me) ) ) ) ) ) )

;¢#¢¢ Compute the shortest path table.
T
%gh?rtest—plth.colpnue)

(defuacro def-me clauses
‘(me:croate (me:new
+»(loop (for (clause-name clause-body) in clauses) (append
*(,clause-name ‘,clause-body) ) ; )))

(defmacro def-machine-model me-defs
*(eval-when (eval load)
(machine-model.initialize)
. m0~defs
(machine-model.finalize) ) )

(defaacro def-connection ( mel me2 resource-request )
‘(push ¢am.connectionss °(,mel ,me2 ,resource-request) ) )

def-sh h
e B s IR

(defun me:datum:ok? ( me datum )
(! (me:constraint-function me) )
(funcall (me:constraint-functioz me) datum) ) )

(defun operator:min-delay ( operator )
([I1h +am.operator:min-delays operator) )

(defun operator:functional-unit-mes ( operator )
[(1h +ms.operator:mes+ operator) )

(defun constant:constant-generator-mes ( constant )
(let ( (mes ([]h *mm.constant:mess+ constant) ) )
(1f (== mes shash-table.not-founds+) (then
(:= ([1h *am.constant:mes* constant)
(loop (for me in ¢ls.constant-generator-mess)
(wvhen (me:datum:ok? me constant) )
(save me) ) ) )

(else

mes) ) ) )

5
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RIT *o0es

: This module convert compacted microinstructions into ELI code.

: To convert a list of MI's (such as returned by the compacter) into
+ ELI code:

; The conversion is very simple minded-- preorder traversal of the flow

; graph, starting at the one node that has the (START) mource. Each node

' 1: Iio%ted only once (using the MI:TRANSLATED-TO-SOURCE flag to remember
visite).

: (MIS-TO-ELI MI-LIST)

(eval-vhen (compile load)
(include trace:declarations) )

(declare (special

;I;o.llﬂ-to'dat i¢¢¢ gtack of mi's possibly not yet processed

feee
;sss (MIS-TO-ELI MI-LIST)
PR

L

(defun pis-to-eli ( mi-list )
(assert (listp mi-1list) )
(:= sate.mis-to-do+ () )

(let ( (instr-streaa () )
(instr 0))

;#¢¢ Clear the "translated® flag of every mi, and 1f it has
;%¢¢ no predecessors, push it on our to-do stack.
BTl
(loop (for ei in mi-list) (do
(:= (ai:translated-to-source mi) () )
(12 (! (mi:preds mi) ) (then
(push sate.mis-to-doe* mi) ) ) ) )

;#s% While there are untranslated mi's, do
7T convert each one to instr
ITT1]
(loop (while smte.mis-to-dos)
(bind m1 (pop *ate.mis-to~do#) )
(vhen (! (pi:translated-to-source mi) ) )
(bind instr (mte.mi:instr mi) )
(when instr)
(do
(push instr-stream instr) ) )

(dreverse instr-stream) ) )

Y
-»

e
seen
;e
I
I
;e
seee
seee
seee
cees

chhd

(MTE.MI:INSTR MI)

Translates the single ai MI into an ELI instruction. As a side
effect, it pushes on *MTE.MIS-TO-DO+ the successors of this MI. Only
the labels of jumps are changed. The new instruction is also placed
in the uvranslated-to-source field of the mi. It is possible that

MIs won't have any source (they are a result of bookkeeping) and

they are totally ignored here.

(dofun mte.mi:instr ( mi )
(:= (mi:translated-to-source mi) t)

(let ( (popers Q0)

(cond-oper () )
(trace—-dir (mi:trace-direction mi) )
(succe (mi:succo mi) ) )

;#¢s Generate a label for this MI if this isn’'t the first MI.
L

(1f (mi:preds mi) (then
(push popers ‘(() label ,(mte.mi:instr-label mi) ) ) ) )

;¢¢¢ Translate each of the machine operations:
il
(loop (for o%ar in (mi:source mi) )
% (bind (fu operator . operands) oper)
Le]
(1f (== fu ‘stop) (vhen ;#¢s QGross...
(push popers *( () stop) ) )
(elss
(caseq operator
(( g) trace copy hoop)
(push popers oper) )

(caseq (operator:group operator)
goto)

( (1f-compare if-boolean)
(push p?p;rl
] - u

,operator
, .operands
,{(1f (== (car trace-dir) ‘'right) (thea
(ute.ni:instr-label
(car succs))))
L(1f (== (car trace-dir) ‘left) (then
(ate.ni:instr-label
(car succs))))))
(pop succs)
(pop trace-dir) )

(t
(push popers oper) ) ) ) ) ) ) ) )

;¢¢¢ Push the successors on the atack.
1608
(loop (for sucec in (mi:suces mi) )
(vhen (! (mi:translated-to-source succ) ) )

1

2
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) )

(do
(push *ate.mis-to-do* succ) ) )

;92 AL this point, BUCCS contains one MI, the fall-through.
;##+ If it's not the first thing on the to-do stack, then
;¢¢» ve neod to do an explicit GOTO, because the next label
;¢ss generated (the top of the stack) isn’t the one we want
;¢¢s for the fall-through.
L
(it (! succs) (then
¢ (assert (! (mi:succs m1) ) ) ) ;#¢+ This must be the last MI.
else
(assert (== 1 (length succs) ) )
(12 ([l (1 emte.mis=-to-dow)
(1== (car succs) (car ¢ate.mis-to-dos) ) )
(then
(push pogera
*(() goto ,(mte.mi:instr-label (car succs) ) ) ) ) ) ))

(:= (si:translated-to-source mi) (dreverse popers) ) ) )

tess
;es¢ (mte.MI:INSTR-LABEL MI)
seke

;ee¢s Returns the label of an MI.
;e0e

Il

(defun mte.mi:instr-label ( =i )
(atomconcat ‘1l (mi:number mi) ) )

3
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The ELI model used by Rutt's CG experiments, modified to have
multiple register banks per cluster with a partial crossbar.

(alias *~~ ‘atomconcat)

(defmacro def-bus ( me-listl me-11st2 number-of-values )
(let ( (resource-name (atomconcat (car me-1istl) °*<-> (car me-118t2) ) ) )
*(eval-vhen (eval load)
(def-resource-class ,resource-name ,nuaber-of-values)
..{loop (for mel in pe-1isti) (splice
(loop (for me2 in me-118t2) (splice
‘( (def-connection ,mei ,me2 ( (,resource-name) ) )
(def-connection .me2 .mei ( (,.resource-name)))))))))))

(defun em.cluster ( 1 (unique-name unique-fields) )
(let ( (ci (atomcomcat 'c 1) )

(ci-8 (atomconcat °‘c (mod (- 1 8) 8) ) )

(ci-1 (atomconcat ‘c (mod (- 1 1) 8) ) )

(ci+1 (atomconcat 'c (mod (+ 1 1) 8) ) )

(ci+8 (atomconcat 'c (mod (+ 1 8) B) ) )

;*#s Register bank CiR1i
H1
(def-me (name (o™ el 'r1) )
(type register-bank)
(size 18§
(inputs (.(~" e1-3 'r1)
(== c1-3 'r2)
(== ¢1-3 'r3)
L= e1-1 'r1)
L= ei-1 'r2)
L(== e1-1 'r8)
™™ el °r1)
(™™ el °r2)
(= c1  'r3)
(™~ ci+1 °'r1)
(7" ci+l 'r2)
(™ ei+1 °'r3)
("= ci+3 °'r1)
L(°™ ci+8 °'r2)
("= ci+3 'r8)
(el 'm) ))
(read-ports 2)
(write-ports 1)
(read-resources ( (,(~~ ¢i1 ‘'ri-read) ) ) )
(wvrite-resources ( (,(™ e1 ‘'ri-write) ) ) ) )
(def-resource-class ,(~" ¢i 'ri-read) 2)
(def-resource-claas ,(~~ ci °ri-write) 1)

;#+s Reglster bank CiR2

T
(def-pe (name L™ el 'r2) )

(type registar-hnnk)
(size 16
(inputs (.( c1-8 °ri1)
(= ci-3 °'r2)
(™ ¢ci-3 'r8)
a(-‘ ci-1 'ri)
(™= ei-1 °'r2)
(" ci~-1 °rs)
(et °r1)
(et 'r2)
(™™ et 'rs)
A~ eir1 'r1)
L cietl °r2)
(== ci+1 °r8)
(™ ¢1+8 'r1)
,(* c1+8 °r2)
(™ c1+3 °r8)
0‘)
(et 'c)))
(read-ports 2
(write-ports 1
(read-resources ( (.(~* ci 'r2-read) ) ) )
(vrite-resources ( (,(*~ ci ’'r2-write) ) ) ) )
(def-resource-class ,(~~ ci 'r2-read) 2)
(def-resource-class ,(~~ ci °‘r2-write) 1)

;#ss Register bank CiR8

ML L
(def-me (name ("~ cl °r8) )

(type register-bank)
(size 18§
(inputs (,(~~ c1-8 'r1)

(™ c1-83 'r2)
l(- C:l.'s 'I.‘S)
l(“ C1-l 'l‘l)
(™ el1-1 'r2)
(™ ci-1 'r8)
N Gl 3 | ’r1)
(™~ el 'r2)
™™ 1 'r8)
(=~ cie1 'r1)
(=" cis1 'r2)
("= ci+1 °'r3)
(7" ci1+8 °'r1)
(7 c1+8 'r2)
(™ ci+3 °r8)
.o (1t ?n%qna-:n-al y)
*(.("" ci unique-name
0O)))
(read-ports 2)
(vrite-ports 1)
(read-resources ( (.(™ ci °r3-read) ) ) )
(wvrite-resources ( (,(~~ ci 'r3-write) ) ) ) )
(def-resource-class ,(~~ ci 'r8-read) 2)
(def-resource-class ,(*" ci °‘r3-write) 1)

;#ss Integor adder Ci+

jeee

(det-me (name (et 'e) )
(type functional-unit)
(delay

0
(inputs (.(*~ c1 °'r2)
("= ci °r8)

ni
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M)

(et te) ))

(resources ( (. ("~ ct *+) ) ) )

(operators (float fix inot idiv isub ieq isax imin
iadd ior ige 1ilt ile ine lexp imul igt
iand iabs bitrev) ) )

(def-resource-class ,(=~ ci *+) 1)

;e¢¢ Integer tester Ci=

1YY
(def-me (name (™t *=))
(tyge functional-unit)
(delay 0)
(inputs (.("" cL 'r2)
L(*" c1 °r3)

(™"t fe) ) )
(resources ( (., (~™c1 *=) ) ) )
(operators (if-true if-false 1f-1lt 1f-igt if-ieq if-ine
1f-1le 1f-ige if-1eq 1f-ine if-ile 1f-ige)))
(def-resource-class ,("~ ci '=) 1)

;#¢s Memory CiM
;e8s
(def-ne (nane (el 'm) )
(type functional-unit)
(delay 8)
(inputs (.("™ c1 'r1)
(™™ el 'r2)
(el te) ) )
(resources ( (,(*~ci *m) ) ) )
(operators (vbase ivload fvload ipload fpload ivstore
fvstore ipstore fpstore) ) )
(def-resource-class ("~ ci 'm) 1)

;¢++ Constant generator CiC
Il
(det-me (name (et fe) )
(type constant-generator)
(resources ( (. ("~ ci *¢) ) ) )
(constraint-function em.immediate-constant?) )
(def-resource-class ,(~" ¢i ‘c) 1)

;#¢¢ Unique functional-unit
(ese
..{1f onique-name (then
*( (def-me (name ,(*= c1 unique-name) )
(type functional-unit)
(inputs (.(~~ ci1 'r3)
(™" et °r1)
Al te)))

;*#s Order important!

(resources ( (,(~" ci unique-name) ) ) )
..unique-fields)
- (def-resource-class ,(™~ ci unique-name) 1) ) )
elsge

0))

;«#% Bus connections
H L)
(def-bus (,.(*~ ci-8 °r1) ,("" ec1-3 'r2) (" ci-3 'r8) )
(,(*~e1 °r1) ,(*~e1 °r2) ,(*™c1 'rs))
)
)

-
b

(def-bus (,(~~ ei-1 °r1) ,(™" ci-1 'r2) ("~ ci-1 'rs)
(et °'r1) (™ er 'r2) ,(*™ec1 'rs)

~

1)
)))

(:= ?zitlonutng—uess

(-(deily 0)
(operators (if-flt 1f-fgt if-feq if-fne if-fle if-Ige
f1t fgt feq fne fle fge) ) ) ) )

(:= e?iflnlting'lulﬁlply
. ]
( (delay 8)
(operators (fmul 1mul) ) ) ) )

(:= em.floating-add
(e

( (delay 2)
(operators (fsub fadd fain fmax fabs fdiv cos sin sqrt) ) ) ) )

(defun en.immediate-constant? ( constant )
(?( (1nump constant)
(&% (< constant 2047)
(> constant -2048) ) )
( (; 0 constant)
%

( (consp constant)
(== 'address (car coastaat) ) )

(t
0O)))

(defun load-constant? ( constant )
(1f (em.immediate-constant? constant) (then
(i== "load sls.immediate-constant-actions) )
(else
t)))

(eval *(def-machine-model

.»(em.cluster O em.floating-test)
..(em.cluster 1 em.floating-add)

+»(en.cluster 2 en.floating-sultiply)
.. (em.cluster 3 em.floating-add)
++(em.cluster 4 em.floating-test)
.»(em.cluster 5 () )

++(en.cluster 6 em.floating-multiply)
+»(em.cluster 7 en.floating-add)

))

3
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HIL (I TTTT T
REGISTERS

; (CYCLE:ME:REGISTER:DEALLOCATE CYCLE ME REGISTER)

This module handles the allocation and deallocaton of registers from
a register bank.

(REGISTERS.INITIALIZE)
Initializes all the register banks to be empty.

(CYCLE:ME :REGISTER :OCCUPIED? CYCLE ME REGISTER)
Returns the VN occuppying a register if it is not free, () otherwvise.

(CYCLE:ME:VN:FREE-REGISTER? CYCLE ME VN)
Returns true if & ME has at least one register free at CYCLE or later.
Eventually, ve'll want to account for the operands of VN that will
be freed up thie cycle once it 1s scheduled; but now it's ignored.

(CYCLE:ME:VN:ALLOCATE-REGISTER CYCLE ME VN REQUIRED-REGISTER)
Allocates and returns a free register from ME for the given CYCLE.
The register is marked as holding VN. If non-(), REQUIRED-REGISTER
i a specific register that must be allocated for VN. An error is
raigsed if there are no free registers or if REQUIRED-REGISTER is
specified but not free.

Vhen choosig a free register, we first look to see if VN is of the
fora X := X ) and if X 48 currently residing in ME. If so, we
use X's current register (constraining delays guarrantee that the
reglster will be free).

Then we look in the preferred locations of the name of VN (see below)
to see 1f there’s a preferred register in bank ME. Then we look for
» free register that hasn't been marked as "avoid®" (see below).
Finally, we look for any register.

Deallocates REGISTER in ME, marking it as free at time CYCLE and later.

(VN :RECORD-PREFERRED-LOCATION VN)
VN should be already have an assigned location. Its location is
recorded keyed under the name of VN; when we need to allocate a
register for another VN of the same name, we'll prefer registers
80 recorded.

Also, the location of VN is marked as "avoid®, so that ve won't
allocate it for another VN unless we have to.

Implementation notes:

The field ME:VALUES 18 a vector mapping registers onto VNs occuppying
the regiasters. ME:CYCLES-FREE gives the first cycle in which the
register can be allocated; it is a very large number if the register
18 not free.

Because CYCLE:ME:VN:FREE-REGISTERY and CYCLE:ME:VN:ALLOCATE are always

called with the current cycle during list-scheduling, we know that the

CYCLE argument 1s monotonically increasing. The ME:REGISTERS-LEFT gives
only a hint about how many registers left in the current cycle (it is

<= the actual number left in the current cycle). So when we're checking
to see 1f there are any free registers, if ME:REGISTERS-LEFT tells us
there are registers left, we can believe it. If ME:REGISTERS-LEFT is
Oir:h;n we'll have to recompute it. Gross but relatively simple and
efficient.

M mame e mE B e s

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

(declare (special
sreg.nase:locationss ;#¢#s Hash table mapping names to pairs

;#s (ME REGISTER) that are to be preferred

;##% by the register allocator.

))
(defvar ereg.max-integers 100000)

(defun registers.initialize ()
(:= sreg.name:locationss (hash-table:create ‘equalt () () ) )

(loop (for me in sls.register-bank-mess) (do
(:= (me:registers-left me) (me:size me) )
(vector:initialize (me:values me) () )
(vector:initialize (me:cycles-free me) 0)
(vector:initialize (me:value-names me) () )

)(vocuor:1n1t1|11:o (me:avoid? me) ())))

(defun cyclu:ne:rai}ster:occupled? ( cycle me register )

(1f (< cycle ([] (me:cycles-free me) register) ) (then
({1 (me:values me) register) )

(defun cycle:me:vn:free-register? ( cycle me vn )
(1t (; (me:registers-left me) 0) (then
t

(eloe
;¢¢+ Recompute the :REGISTERS-LEFT for this cycle. BSee notes
i*s* above.
1)
(:= (pe:registers-left me)

incr 1 from 0 to (- (me:size me) 1) )
(vhen (>= cycle ([] (me:cycles-free me) 1) ) )
(reduce + 0 1) ) ;

(loop

(> (me:registers-left me) 0) ) ) )

(defun cycle:pe:vn:allocate-register ( cycle me vn required-register )
(lets( (values (me:values ne)
(avold? (me:avoid? me) )
(cycles-free (me:cycles-free me) )

(free-register
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B

(| required-register

;o8¢ If VN 18 of the form X := X op Y and X 13
;#*% currently residing in ME, use its register.
Jeee

(1¢ E;=; *operation (va:type va) ) (then

(el
° nzloop (tor operand-vn in (vn:operand-vns va) )
(vhen (2% (== (vn:name vn) (vn:name operand-vn))
- (== me (vn:register-bank-me operand-vm))
o

(let ( (regiater (vn:register operand-vmn) ) )
(:= ([f cycles-free register) cycle);+++ Hack.
Eroaurn register) ) )
(result () ) ) ) )

;#%s Try for a preferred location for the VN.

T
(loop (for (use-me use-register)

in ([lh ereg.name:locationse (vn:name vn) ) )
(when (&8 (== me use-me)
s (>= cycle ([] cycles-free use-register))))
o

(return use-register) )

(result () ) )

:#¢¢ Try for any free register, avoiding ones marked
;*¢¢ as "avoid” if posaible.
jeee
(loop (incr 1 from O to (- (me:size me) 1) )
(vhen (>= cycle ([] cycles-free 1) ) )
a (initial avoid-register () )
o

(12 (1 ([] avoid? 1) ) (then
(return 1) ) )
(1¢ (! avoid-register) (then
(:= avoid-register 1) ) ) )
(result avoid-register) )

0)))

(12 (< cycle ([l cycles-free free-register) ) (then
(error (l1ist me "No available register.®) ) ) )

:= ([] values free-register) vn)

([] cycles-free free-register) ¢reg.pax-integers)

(me:registers-left me) (- &&& 1) )

(.
G

free-register) )

(defun cycle:me:register:desllocate ( cycle me register )
(:= ([] (me:cycles-free me) register) cycle)
1888
;#%% Bic -- we don't touch :REGISTERS-FREE, since we could be
:#ss freeing up a register "in the future®. See above.

0)

(defun vn:record-preferred-location ( vn )
(assert (vn:register vn)

(let ( (me (vn:register-bank-me vn) )

(register (vn:register wvn) ) )

= ([E (ne:avold? me) register) t)

Efu;h)([]h sreg.name:locationse (vn:name vn) ) *(,me ,register) )

3
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jene sssennes
RESOURCES

This module implements the operations on resources used in the machine
model. It also implements a single (global) schedule of resources.

A RESOURCE-CLASS defines a seot of resources that are all identical as
far as the machine model is concerned. Any resource in the set can
be used in place of any other.

A RESOURCE-SET 18 a set of unused resources in the machine (for one
cycle). RESOURCE-SETe are represented as bit-sets.

A RESOURCE-REQUEST is a request for particular resources across
successive cycles. It is represented as a list of lists of
RESOURCE-CLASSes, each sublist representing the resources requested

for a cycle (the first sublist is for the first cycle, the second sublist
for the second cycle...)

(RESOURCE. INITIALIZE)
Initializes this module.

(RESOURCE . INITIALIZE-SCHEDULE)
Re-initializes the schedule of used resources to be all available.

(RESOURCE-CLASS ;: CREATE NAME SIZE)
Creates a resource class with symbolic NAME and BIZE resources.

(DEF-RESOURCE-CLASS °NAME ‘SIZE)
Sape as above, except the arguments aren't evaluated.

(NAME :RESOURCE-CLASS NAME)
Maps a symbolic name onto the corresponding RESOURCE-CLASS, raising an
error if there is no such class.

(RESOURCE-REQUEST : INSTANTIATE RESOURCE-REQUEST
Takes a resource request consisting of symbolic names of
RESOURCE-CLASSes and returns & new proper request with the names
replaced by the corresponding RESOURCE-CLASSesn.

(CYCLE :RESOURCE~REQUEST : AVAILABLE? CYCLE RESOURCE-REQUEST)
True if RESOURCE-REQUEST can be scheduled in the given cycle.

(CYCLE :RESOURCE-REQUEST :FIRST-AVAILABLE-CYCLE CYCLE RESOURCE-REQUEST)
Returns the first cycle after CYCLE (inclusive) in which the resource
request can be scheduled.

(CYCLE :RESOURCE-REQUEST : SCHEDULE? CYCLE RESOURCE-REQUEST)
Tries to schedule the resources of RESOURCE-REQUEST beginning at
CYCLE, returning true if successful, false o.w., If false, the
schedule is left in garbaged state; use transactions below to restore
the state correctly.

(CYCLE :RESOURCE-REQUEST :SCHEDULE CYCLE RESOURCE-REQUEST)
Sape as above, but raises an error if the request can’t be scheduled.

(RESOURCE . START-TRANSACTION)

(RESOURCE.. COMMIT-TRANSACTION)

(RESOURCE . ABORT-TRANSCATION)
These three procedures let the client tentatively schedule resource
requests, but then undo them if he wants. Such a tentative attempt
ie called a "transaction®; only one transaction may be in progress
at a time. After calling RESOURCE.START-TRANSACTION, all calle
to CYCLE:RESQURCE-REQUEST:SCHEDULE? and
CYCLE :RESOURCE-REQUEST : SCHEDULE will “"save away" the old values of
the scheduled resources. Calling RESOURCE.ABORT-TRANSACTION will
restore the resource schedule back to its state at the time of the
call to RESOURCE.START-TRANSACTION. Calling
RESOURCE.COMMIT-TRANCTION signifies that all the resources scheduled
are "ok" and to forget the "saved away" old schedule.

(RESOURCE . PRINT-SCHEDULE)
Prints the current resource schedule in a pretty fora.

L T e T T Tl T T R T T R T

1T
e
;e¢s RESOURCE-CLASS
H11]
14 1
(def-atruct resource-class ;«ss
name ;¢¢s The printed name of the class.
size ;s++ The number of resources in the classe.
position ;sss Position in the bytevector.
1s-failures Rl
bug-failures ;¢++ The sum of the sizes of requests for
) ;ess unavailable resources fros this clase;
;¢¢s geparate totals for list-scheduling and
;e%s BUG.
H H L
H

(visible-fields resource-class name size)

(eval-when (compile load)

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

(build *(1list-scheduler:byte-vector) ) )

(declare (special
sres.all-resource-classess
sres.name:rosource-classe
sres.total-classeas
¢Tos.max-class-sizes
sres.cycle:resourco-sots
sres.transaction-in-progressts
sres.transaction-sizes
sres.saved-bytess
sres.saved-positionse
eres.saved-cycless
;r;l.rsiluro-uypat

(defun resource.initialize ()

(:= sres.sll-resource-classes* 0)
(:= eres.total-classess 0)
(:= eres.sax-class-sizes 0)

b I N e N oy

2
S:<C.S.BULLDOG.LIST-SCHEDULER.TEST>RESOURCE.LSP.41




3

(:= srep.name:resource-classs (hash-table:create () (3 () ) )
(:= sreg.cycle:resource-sets )

(:= sres.transaction-in-progress?s () )

(:= sres.transaction-sizes 0

(:= ¢res.saved-bytess Q)

(:= sres.saved-positions¢ Q)

(:= sres.saved-cyclese Q0)

E;=)tren.zsilnra-typet *1s)

(defun resource.initialize-schedule ( failure-type )
(:= sres.cycle:resource-set¢ (makevector ¢ls.max-schedule-sizes) )
(let ( (byte-size (ceiling (// E{og (; ; ;rgsilax-cllss-eleO) )
og 2
(loop (incr 1 from 0 to (- -1s§|ax-achednla-sizet 1} ) (do
:= ([] sres.cycle:resource-sets 1)
(byte-vector:create sres.total-classess byte-size)))))

(:= sres.transaction-in-progressts () )

(:= sres.transaction-gizee 0)

(:= *res.saved-bytes* (makevector 100) ) ;e#e¢ Big enough?
(:= sres.saved-positionsge (zakevector 100) ) ;##+ Big enough?
(:= *res.saved-cycles® (nakevector 100) ) ;¢ss Big enough?
(ssserv (meaq failure-type *(1s bug) ) )

E;=)tras.r111ura-typot failure-type)

(defun resource-class:create ( name size )
(let ( (resource-class
(resource-class:nev

name nase
size s1ze
position *Tes.total-classess

ls-failures O
bug-failures 0) ) )

sres.total-classess (+ &2 1) )
sres.max-class-size+ (max B8R size) )

:= sres.all-resource-classes¢ (appendi B&R resource-class) )
= ([In sres.name:resource-classe¢ name) resource-class)

resource~class) )

(defmacro def-resource-class ( name size )
‘(resource-class:create °',name °,size) )

(defun nase:resource-class ( name )
(Il ([Ih sres.name:resource-classs name)
(error (1ist name " isn’t a RESOURCE-CLASS.") ) ) )

(defun resource-request:instantiate ( resource-request )
(loop (for cycle-request in resource-request) (save
(loop (for item in cycle-request) (save
%1! (consp item)
*(.(name:resource-class (car item) ) ,(cadr item) )
*(, (name :Tesource-class item) 1))))1)))

(defun resource.start-transaction ()
(assert (! sres.transaction-in-progress?s) )
(:= eres.transaction-in-progresa?s t)
(:= eres.transaction-sizes 0)

0)

(defun resource.commit-transaction ()
(assert eres.transaction-in-progress?s)
(:= sres.transaction-in-progress?+ () )
£;=)Ores.trnnsnctinn—nize! 0)

(defun resource.sbort-transaction ()
(assert sres.transaction-in-progressts)
(loop (decr i from (- eres.transaction-sizes 1) to 0) (do
?:= (48] ([} sres.cycle:resource-sets ([] sres.saved-cycless 1) )
([] sres.saved-positionss 1) )
([] eres.saved-bytes+ 1) ) ) )

(:= sres.transaction-in-progressts () )
E:z ¢res.transaction-sizes 0)

)

(defun cycle:resource-request:available? ( cycle resource-request )

(loop (incr 1 from cycle)

(for cycle-request in resource-request)

(vhen (! (resource-set:cycle-request:available?

[1 sres.cycle:resource-sets 1)
cycle-request) ) )
(do
(retura () ) )

(result t) ) )

(defun cycle:resource-request:first-available-cycle
( first-cycle resource-request )
(loop (incr cycle from first-cycle)
(until (cycle:resource-request:available?
cycle
resource-request) )
(result cycle) ) )

(defun cycle:resource-request:schedule? ( cycle resource-request )
(loop (imer 1 from cycle)
(for cycle-request in resource-request)
(vhen (! {cy¢1::cycla-requelt:schodnlo?

1-
- cycle-request) ) )
(return () ) )
(result t) ) )

(defun cycle:resource-request:schedule ( cycle resource-request )
(12 (! (cycle:resource-request:schedule? cycle resource-request) ) (then

(error (1ist cycle resource-request
*CYCLE :RESOURCE-REQUEST : SCHEDULE: Couldn't schedule.®))))

3
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0)

{defun resource-set:cycle-request:available? ( resource-set cycle-request )
(loop (for (resource-class request-size) in cyclc-roqnent{
(vhen (> request-size
(- (resource-class:size resource-class)
([1b resource-set

« (resource-class:position resource-class)))))

o
(1¢

(els

(== *ls e¢res.failure-types) (then

(:= (resource-class:ls-failures resource-class) (+ &k& 1) ) )

e

(:= (resource-class:bug-failures resource-class) (+ &zg 1) ) ) )
(return () ) )

(result t) ) )

(defun cycle:cycle-request:achedule? ( cycle cycle-request )
(let ( (resource-set ([] ¢res.cycle:resource-sets cycle) ) )

(loop (for (resource-class request-size) in cycle-request)
(bind old-resocurces
[I1b resource-set
(resource-class:position resource-class) )
nev-resources
@ (+ request-size old-resources) )
o
(12 (> new-resources (resource~class:size resource-class) ) (then
(12 (== °*ls eres.failure-typee) (then
ek (:= (resource-class:ls-failures resource-class) (+ &8 1) ) )
else
(:= (resource-class:bug-failures resource-class) (+ &&& 1))))
(return () ) ) )

(1f ¢res.transaction-in-progreas?s (then
(:= ([] sres.saved-cycless sres.transaction-sizes)

cycle)

(:= ({] sres.saved-bytess
old-resources)

(:= ([] *res.saved-positionss e¢res.transaction-sizes)
(resource-class:position resource-clags) )

(:= sres.transaction-sizes (+ &8k 1) ) ) )

sres.transaction-sizes)

(:= ([0b resource-set (resource-class:position resource-class) )
new-rssources)
(result ¢t) ) ) )

(det%n resource.print-schedule ()
B8
(loop (initial first-i 0)
(while (< first-1 sls.max-schedule-sizes) )
¢ (bind first-set ({] eres.cycle:resource-sets firat-i) )
do
(lcop (iner last-i from (+ first-i 1) to (- sls.max-schedule-size¢ 1))
(wvhile (resource-gset:equal first-set
([]1 eres.cycle:resource-set® last-1)))
(result
(:= last-1 (- last-1 1) )
(12 (> last-1 first-1) (thea
(msg () first-1 8) ®:® (J last-18) * *) )

(else
(msg () first-1 3) * *)))
(resource-set:print first-set)
(mag t)
0) (:= firat-1 (+ last-1 1) ) ) ) ) )

(defun resource-set:equal ( resource-setl resource-set2 )
(loop (incr 1 from 0 to (- sres.total-classess 1) )
(when (!== ([]b resource-seti 1)
c ([lb resource-set2 1) ) )
do

(return () ) )
(result t) ) )

(defun resource-set:print ( resource-set )
(sprini
*(shprint.structure-psarkers (resource-set
..(loop (for resource-class in ¢res.all-resource-clagsess)
(bind resources
([lb resource-set
(resource-class:position resource-class)))
(nglico
?( %;z)o resources)
( (== 1 (resource-class:size resource-class) )
(assert (== 1 resources) )
*(,(resource-class:naase resource-class) ) )
t

*( (.(resource-class:nase resource-class)

.resources) ) ) )))))))

(defun resource.print-failures ()
(msg O t "Resource failures:® (t 20) (jc "LS8* 5) (v 80) (jc "BUG* ) t)
(loop (for resource-class
in (sort sres.all-resource-classess
(£:1 (r1r2)
(> (resource-class:ls-failures ri)
(resource-class:1ls-failures r2) ) ) ) )
(vhen (|| (< O (resource-class:ls-failures resource-class) )
¢ (< 0 (resource-class:bug-failures resource-class) ) ) )
do
(msg (resource-class:name resource-class)
(t 20) () (resource-class:la-failures resource-class) &)
(t 80) (J (resource-class:bug-failures resource-class) 5) t)))

0)

5
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;#+¢ Copyright (C) 1088 John R. Ellis. This file may be used for
;#ss educationsl and research purposes only, by the faculty, students,
;##+ and staff of Yale University only.

4800808
thksknes
LIl Al 2]
LAl il L

iovnl-uhon (compile load)
(include list-scheduler:declarations) )

el i Ll L]

seee
;#ss (SCH.COPY-VN:SCHEDULE VN)
Jhe

;#ss because of resource conflict.

1t

;o8¢ If the copy has no readers left, that means its only use was an
;#%¢ off-1ive use at a split vhich has already been scheduled above the

;##% copy: the copy is now useless and can be scheduled as a NOOP.
e

;#ss Attempts to schedule VN, a COPY, requeueing it if it can't be scheduled

(defun sch.copy-vn:schedule ( va )
(1f (== 0 (vn:readers-left vn) ) (then
(sch.noop-vn:schedule vn) )
(else
(resource.start-transaction)
(caseq (sch.copy-vmn:achedule? wvn)
(succeas
(resource.cossit-transaction) )
(requeue
(resource.abort-transaction)
(sch.vn:cycle:enqueue va (+ #la.cycles 1) ) )
(abort
(resource.abort~transaction) )

(error “Case error.") ) )
0)r))
(defun sch.copy-vn:schedule? ( vn ) (prog ()

(let*( (operand-vn (car (vn:operand-vns vn) ) )

(operand-me (sch.vn:location-me operand-vn) )
(dest-me 0)

(dest-register () )

(reading-vn (sch.vn:max-height-reading-van vn) )
(reading-me (&k reading-vn

(bug.vn:dest-me reading-van) ) ) )

;#¢¢ Try scheduling the resources needed to read the operand.

H11]
(12 (1 (cycle:resource-request:schedule?
*lg.cycles
(12 (== °constant-generator {na:s*pa operand-me) )
(me:resources operand-me
( (me:read-resources operand-ms) ) ) )
then

(return ‘requeus) ) )

;¢¢+ Find a good destination register bank, and try scheduling
;#s+ the write into it.
1l

(:= dest-me (sch.source-me:dest-me:vn:pick-register-bank?
operand-me
ro;d?ng-lo

(12 (! deat-me) E:hen
(return °requeuns) ) )

:##s At this point, all the resources of the copy have been
;¢s¢ gcheduled.
1]
;*#s If the max height reader is a USE1 that wants a particular
;##¢ register, and that register is occupied, ve'll have to splice
i¢ss a COPY betwesn the occupant of that register and the readers
;¢*# of the occupant, making this VN dependent on completion of
:#s¢ that novly spliced COFY. Hopefully, after that COPY is
;%*¢ pcheduled, we'll have a free register to do this COPY.
ieee
(1f (&& reading-wvn
(== *usel (vn:type reading-vn) )
(== dest-me (vn:register-bank-me reading-vn) ) )

)
(12-1et ( (occupant-vn {(cycle:me:register:occupled?
sls.cycles
dest-ne
(vn:register reading-van) ) ) )
{then

(return (sch.copy-vn:blocking-vn:make-dependent vn occupant-van))))

(:= dest-register
(cycle:me:vn:allocate-register
- sls.cycles dest-me vn (vn:register reading-wn) ) ) )
else
(:= dest-register
(cycle:me:vn:allocate-register #ls.cycles dest-me va () ) ) ) )

(:= (vn:scheduled-cycle vn) #ls.cycles)

;##¢ Mark the operand as having been read this cycle.
il

(:= (vn:read-cycle operand-vn) sls.cycles)

;s+¢ Assign the register location to this VN, inserting
:*2e copy VNs as necessry, and decresenting the predecessor
;#*+ counts of readers and constrained VNs; decrement the
;#++ read counts of the operand just read.
11

(sch.vn:me:register:cycle:sssign-location
n
dest-me
dest-register
(+ ols.cycles 1) )

(sch.vn:release-operands wn)
(sch.vn:release-successors vn)
(sch.vn:release-off-live vwn)

;#s¢ Schedule the machine operation for the COPY.
HZ L
(sch.copy-vn:schedule~machine-operation vn)

(return ‘success) ) ) )

1
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;¢s+ (5CH.COPY-VN:SCHEDULE-MACHINE-OPERATION VN)

111

;¢#¢+ Makes a machine operation for VN, a COPY, and places it on the
;#s¢ gchedule.

1l

.
+ ¥

(defun sch.copy-vn:schedule-machine-operation ( vn )
(let+( (operand-vn (car (vn:operand-vms vn) ) )
(source-me (sch.vn:location-me operand-vm) ) )

(pash ([] *1s.schedules *1s.cycles)
l(“

.(me:name (vn:register-bank-me vn) )
copy
(.(mo:name (vn:register-bank-me vn) )
.(vn:register vnf
. (vn:name vn) )
,(1f (== ‘constant-generator (me:type source-me) )
‘(. (ne:name source-me)
.(vn:name operand-vmn) )
*(,(me:name source-me)
. (vn:register operand-vn)
, (vn:nage operand-va) ) ) ) )
E;z):il.ll&t-cyclet (max &2& ¢ls.cycles) )

1)

;*%¢ (SCH.COPY-VN:BLOCKING-VN:MAKE-DEPENDENT VN BLOCKING-VN)

iREe

;#¢% VN 18 a COPY that, due to a USEl, wants to put its result in a

;##%¢ register currently occupied by BLOCKING-VN; VN can’t be scheduled

;##% until the BLOCKING-VN's value is moved somewhere else. This procedure
;#¢+ adds in constraint edges, and possibly new COPYs, to insure that

;#+% BLOCKING-VN's value will be moved before scheduling of VN is attempted
;#¢% again,

Hil

;e¢s If all of BLOCKING-VN's unscheduled readers do not have VN as an

;#¢¢ ancestor, then we can just wait until all of those readers are

;##+ gcheduled, at vhich time the register needed by VN will be free.

;##+ This is accomplished by adding a new constraint edge between VN and
;%% the readers.

21

;##% But if one of BLOCKING-VN's readers has VN as an ancestor, then adding
;%% g constraint edge will produce deadlock (the reader can't be scheduled
;#¢+ until VN 1s, which can't be scheduled until the reader is). BSo we
;##% gplice a now COPY between BLOCKING-VN and all of its unscheduled

;#s% readers, constraining VN to be scheduled after the new COPY (which
;#¢s will have freed up the desired register). The new COPY is enqueued
;*¥¢¢ for the current cycle.

1Re

;#¢¢ This procedure returns 'ABORT or °REQUEUE depending on whether VN

;#++ ghould be requeued for the next cycle (usually it shouldn't —-— see
;*#s Delov),

Jaee

(defun sch.copy-vn:blocking-vn:make-dependent ( va blocking-va )

(lete( (unscheduled-reading-vns
(loop (for reading-vn in (vn:reading-vmns blocking-vn) )
(vhen (! (vn:scheduled-cycle reading-vn) ) )
(save reading-vn) ) )

(unscheduled-off-1ive-reading-vns
(loop (for reading-vm in (vn:off-live-reading-vms blocking-vn) )
(when (! (vn:scheduled-cycle reading-vn) ) )
(save reading-va) ) )

(all-unscheduled-reading-vns
(append unscheduled-off-live-reading-vns unscheduled-reading-vns)))

(1t (for-every (reading-vn in all-unscheduled-reading-vmns)
! (sch.vn:vn:descendant? vn reading-vm) ) )
(then
seen
;#++ The unscheduled readers of BLOCKING-VN don’t have VN
;#%% a8 an ancestor. Ve make VN dependent on completion of
i¢s+ all these readers.

(loop (for reading-vm in all-unscheduled-reading-vns)
(vhen (|| (== ‘copy (vn:type reading-vn) )
(== ‘operation (vn:type reading-wvn) ) ) )
s (initial found-one? () )
o
(pusk (vn:constraining-vns vn) reading-vn)
(push (vn:comstraining-delays vn) O)
(:= (vn:predecessors-left vn) (+ &&& 1) )

(push (vn:constrained-vns reading-vm) vn)
(:= found-onet t) )

(result
(it found-one?

t
‘requeue) ) ) )
H1l]
;¢¢¢ If we didn't find an unscheduled COPY or OPERATION
;#*¢ reader, that means they have been all scheduled and
;#¢+ that one of them is a conditional jusp scheduled
:##+ this cycle. If we just requeue for another cycle
;¢#s until the jump finishes, the deasired register will
;#s% become free.

(else ;se»
;#s% The unscheduled readers are dependent on VN. We've got
:##¢ to splice a new COPY between BLOCKING-VN and the readers,
;**¢* making VN dependent on the COPY.

(let ( (new-copy-vn
(va:croate (vn:new

type *copy

name (vn:name blocking-vn)
height (vo:height blocking-vn)
cycle (vn:register-cycle blocking-vn)

readers-left (length all-unscheduled-reading-vns)))))

(vn:splice-va blocking-wn
new-copy-va
unscheduled-reading-vns
unscheduled-of f-1ive-reading-vns)
(:= (vn:readers-left blocking-vn)

(+ 1 (- &8 (vn:readers-left new-copy-vn) ) ) )

3
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) )

(loop (for reading-vn in unscheduled-reading-vns) (do
;ees = (pic)
(1¢ (!== reading-vn vn) (then
(sch.vn:dequene reading-vn) ) )
(:= (vn:predecessors-left reading-vn) (+ &&& 1) )} ) )

(push (vn:constraining-vns va) new-copy-vn)
(push (vn:constraining-delays vn) O)

(:= (vn:predecessors-left vn) (+ &k 1) )
(push (vn:constrained-vmns new-copy-vm) vn)

(sch.vn:cycle:enqueue new-copy-vn *1ls.cycles)
Nabert) )l) ) qu Py~ ¥

;#ss (SCH.VN:VN:DESCENDANT? VN DESCENDANT-VN)

:**s Returns true if DESCENDANT-VN really is a descendent of VN. This is

;#¢+ igplemented by recursing back up through all the predecessors of

;#¢s DESCENDANT-VN until either we run out of predecessors, we hit a scheduled
;¢¢# VN, or we hit VN itself. We know we can stop recursing when we hit a

;»#s scheduled predecessor, since VN (and all its descendants) are unscheduled.

;#ss We might have to change this isplementation to use bit sets or something
;*#*¢ a3 in coamon subexpression elimination to make it linear; we'll see
;#%¢ how expensive it 1is.

(defun sch.vn:vn:descendant? ( vn descendant-vn )
(?( (== vn descendant-vn)

t
( (vn;nchadnled-crcla descendant-vn)

t
(Il (for-some (operand-vm in (vn:operand-vns descendant-van) )
(sch.vn:vn:descendant? vn operand-van) )
(tor-some (constraining-vn in (vn:constraining-vans descendant-vn))
(ech.vn:vn:descondant? vn conltrsining-vnf-) ))))

5
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1l LTI T

(eval-when (compile load)

(include list-scheduler:declarations) )

(let

Et-t

;#¢¢ (SCH.OPERATION-VN:SCHEDULE VN)

M1l

;##+ Attempts to schedule VN, an operation, requeueing it if it can’t
;¢#¢¢ be scheduled for any reason.

H1l]

;¢¢¢ If the operation has no readers left, that means its only use wvas
;¢¢¢ an off-live use at a split vhich has already been scheduled above
;#%¢ the operation; the operation is now useless and can be scheduled
;%%% 35 & NOOP.

i1

L

(defun sch.operation-vn:schedule ( va )

(1 (28 (== 0 (vn:readers-left vn) )
(vn:name vn) )
(then
(ach.noop-vn:achedule vn) )
(else
(resource.start-transaction)
(1f (sch.operation-vn:schedule? vn) (then
ta (resource.commit-transaction) )
elge
(resource.abort-transaction)
(sch.vn:cycle:enqueue vn (+ ¢la.cycles 1) ) ) )

0)))

(defun sch.operation-vn:schedule? ( wvan ) (prog ()

( (fu-me (vn:me vn) )
(unique-operand-vns (noduplesq (vn:operand-vas vn) ) )
(dest-me 81

(dest-register
;¢*¢ Try scheduling the functional unit resources.
(1r E:‘Ecycle:rasource-requnat:ucheaule? s1s.cycles (me:resources fu-me)))
(the%return 0l))»)

;#++ Try scheduling the resources needed to read the operands.
il
(1t (¢ (for-every (operand-vn in unique-operand-vns)
(sch.operation-operand-vn:fu-me:schedule-road?

(:= deat-me (scnisonrce-lo:daou-le:vn:pick-resisbor-bant?
u-ae
(schivn:nux-hatght-dees—nn vn)

(1f (! dest-~me) E:hen
(retura () ) ) ) ) )

;¢#es At this point, ve know we can schedule the operation; all the
;#%4 resources have already been scheduled.

inee

;#¢¢ Docrement the read counts of the operands, possibly freeing
;*%¢ up their registers.

1ees
(:= (vn:scheduled-cycle vn) sls.cycles)

(sch.vn:releage-operands wn)

;¢¢s Allocate & register for VN.
100
(1f dest-me (then
(:= dest-register
(cycle:me:vn:allocate-register ¢ls.cycle¢ dest-me va () ) ) ) )

;*#¢¢ Mark the operands as having been read this cycle.
(a8
(loop (for operand-va in nnlqua-oforlnd-vne) (do
(:= (vn:resd-cycle operand-vn) sls.cycles) ) )
;es+ Assign the register location to this VN, inserting
;¢%s copy VNs as necesary, and decrementing the predecessor
;*¢s counts of readers and constrained VNs.
ie8e
(1f dest-me (then
(sch.vn:me:register:cycle:assign-location
va
dest-me
dest-register
(+ #ls.cycles (+ (mo:delay fu-me) 1) ) ) ) )

(sch.vn:release-successors vn)
(sch.va:release-off-live vn)

;#¢¢ Place a machine operation for VN on the scheduls.
1]
(sch.operation-van:schedule-aachine-operation vmn)

(return t) ) ) )

M

iese
iees
T
ihes
1008
1eee

(SCH.OPERATION-OPERAND-VN :FU-ME :SCHEDULE-READT VN FU-ME)

VN is an operand of an operation, and FU-ME is the functional unit
where that operation will be computed. This procedure attempts to
schedule the resources necessary to read the value of VN and deliver

¢ operand-vn fu-me) ) ) ;#¢% it to the input of FU-ME. There are two independent considerations:
then KL

(return () ) ) ) I 1. The value of VN may be in either a register bank or a constant

sees generator.

;#¢+ Find a good destination register bank and try to schedule iees

;¢¢¢ the write of the result. H i d 2. The value of VN may have already been read this cycle, so

(een H 1l wve don't need to schedule the resources for the register bank

(12 (vn:name wvn) (then H Al Or constant generator.

1 2

PS:<C.S.BULLDOG.LIST-SCHEDULER.TEST>SCH-OPERATION.LSP.44




3

B )

1Ty

;*#++ Roturne true if VN can be read this cycle, false otherwise. As a
;¢ss gide effect, the resources for reading VN and moving it to FU-ME
;¢*¢ are scheduled.

1]

o8
»

(defun sch.operation-operand-vn:fu-me:schedule-read? ( vn fu-me ) (prog ()
(let ( (me (sch.vn:location-me vn) ) )

(1f (& (!== #ls.cycles (vn:read-cycle vn) )
(! (cycle:resource-request:schedule?

*1g.cycles
(12 (== ‘constant-generator (me:type me) )
(me:resources ne)

(me:read-regources me) ) ) ) )
(then
(retura () ) ) )
(12 (! (cycle:resource-request:schedule?
sls.cycles
(ne:me:resources me fu-me) ) )
(then
(return () ) ) )

(retura t) ) ) )

NIl

;¢%% (SCH.SOURCE-ME:DEST-ME:VN:PICK-REGISTER-BANK? SOURCE-ME DEST-ME VN)
MLdd

;#%s Attempts to find a "good" register bank connected to the outputs
;##+ of SQURCE-ME to which we can move a value from SOURCE-ME. The

;*s¢ register-bank ME 1s returned if found, otherwise () is returned.
;#s% Ag a side effect, the resources needed to write the result into the
;*### register bank are scheduled.

1888

;#¢¢ DEST-ME is the next destination of the value after it is stored in
;##+ the register bank, and VN 1s the COPY or OPERATION VN vhich needs
;#3% the register bank.

1hEe

;#%¢ To find a good register bank, we look at ones that:

1RES

Rl - are connected to the output of the SOURCE-ME;

1988 - are on the shortest path to DEST-ME;

(s - have a free regiater;

12 - can have the result moved to them from the functional unit and
Ty written (1.e. there are free resources);

il

;##+ Of these register banks, we find the ones that will cause minimum
;#¢¢ conflicts for the readers of VN. If we still have a choice, we'd
;*##% prefer a register bank that is DEST-ME itself (in case DEST-ME 1is
;##+ a register bank, e.g. for & USE1).

(kb

il

(defun sch.source-pe:dest-pe:van:pick-register-bank?
( source-me dest—me vn )

(let+( (write-cycle (+ sls.cycles

(ne:delay source-me)

(12 (== "functional-unit (me:type source-me))

0 ))
(source-dest-delay (me:me:delay source-me dest-me) )

(available-mes
(loop (for me in (me:outputs source-me) )
(when (== °register-bank (me:type me) ) )
(vhen (|l (! dest-me)
(== me dest-me)
(< (me:mo:dolay me dest-me)
source-dest-delay)
(e (== 0 source-dest-delay)
(== 0 (me:me:delay me dest-me) )
(== ‘functional-unit
(me:type dest-me) ) ) ) )
ey
;**# Yo allovw a "sideways® move --
;¢##¢ 3 move that gets us no closer
;#¢% %0 the dest -- only if the dest
;¢¢% 18 a FU and the the value is
;#++ already in a register connected
;#¢s to the FU.

(vhen (cycle:me:vn:free-register? -1n.c;clat me vn) )
(when (cycle:resource-request:available
write-cycle
(me:me:resources source-me me) ) )
(when (cycle:resource-request:availadble?
write-cycle
(me:write-resources me) ) )
(save-minimums me (sch.vn:me:reading-vn-conflicts vm me))))

(register-bank-me
(1f (memq dest-me available-mes)
deat-ne
(car available-mes) ) ) )

(12 E; gngistar-blnt-le) (then

(olae

(cyclo:resource-request:schedule

write-cycle

(me:me:resources source-ae register-bank-me) )
(cycle:resource-request :schedule

write-cycle

(mo:write-resources register-bank-me) )
register-bank-me) ) ) )

1988

;9¢¢ (SCH.OPERATION-VN:SCHEDULE-MACHINE-OPERATION VN)

;o088

;¢s¢ Places the machine operation for VN, an operation, on the scheduls.
1e8e

(defun sch.operation-vn:schedule-machine-operation ( va )
(let ( (last-cycle
(+ sls.cycles (me:delay (vn:me wvn) ) ) )
(operands
(loop (for operand-va in (vn:operand-vms wva) )
(bind operand-me (sch.vn:location-me operand-va) )

(save

3
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) )

(12 (== 'constant-generator (me:type operand-me) ) (then
*(,(ue:name operand-me)
,(vn:name operand-van) ) )
(eloe
*(,(ne:naze operand-ge)
.(vn:register operand-vn)
,(vn:name operand-vn) ) ) ) ) ) ) )
(1¢ (vn:register-bank-me wvn) (then
(push operands
*(.(ee:name (vn:register-bank-me vn) )
.(vn:register vn§
.(vn:name va) ) ) }))

(push ([] #ls.schedules #1s.cycles)
‘(,vn ,(me:name (vn:me vn) ) ,(vn:operator vn) ,.operands) )

(loop (incr cycle from (+ *la.cycles 1) to last-cycle) (do
(push ([] #ls.schedules cycle)
‘(,vn ,(me:name (vn:me vn) ) ) ) ) )

E;=Jt;s.1ut-cyc1u (oax &&& last-cycle) )

5
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1ene I ST E T

SPLITS AND JOINS

This module implements the part of the list-scheduler dealing with splita
and joins, doing the work of SCHEDULE:SPLIT and SCHEDULE:JOIN.

To generate the proper DEFs and USEs at splits and joins, we compute
of the extents (lifetimes) of VNs. That is, for each VN, we record

the first cycle in which its value becomes avallable and the last cycle
its value is used. We keep a vector that gives, for each cycle, the
set of VN8 that are live on entry to that cycle (whose extents include
that cycle).

Partial schedules add complications. When we ask for the set of live
VNe at a join, vhat we're reallg interested is the set of live VNa on
entry to the partial schedule that will be generated to preceded the
join. Similarly, vhen we ask for the set of live VNs at a split, we're
really interested in the VNs that are live on exit from the partial
schedule that will ingerted in the split. So we actually compute two
different extent vectors, one for joins and one for splits.

For joins, & VN doesn’'t become live until the cycle after the cycle
that wrote the value (the cycle after the end of the operation): the
Vi's value becomes doad at the end of the maximum of:

1. The maximum, over all readers, of the last cycle of the reader.
2. The maximum, over all off-1ive readers (which are jumps), of
the last cycle of the jump.

For splits, a VN becomes live on entry to the cycle after the cycle
in which the VN is scheduled (the cycle its operation started); the
VN°s value becomes dead at the end of the cycle which is the maximum
of:

1. The maximum, over all readers, of the first cycle of the reader.
2. The maximum, over all off-live readers (which are jumps), of
the cycle after the ond of the jump.

The second computation accounts for the fact that a value that is
off-1ive at a split remains alive until after the jump has executed,
and should be reported alive at the split.

My dissertation will have to give good clear explanations of why these
properly report the live Vs at splits and joins.

To efficliently cospute the live extents of VNs, we use two auxiliary
vectors: GEN gives for each cycle the set of VNs whose values first
become live at the beginning of the cycle; and KILL gives for each cycle
the set 0f VNs vhose values become desd after the end of the cycle.

The LIVE vector is computed as:

LIVE[ I'] := (LIVE[ I-1 ] - KILL[ I-1] ) + GEN[ I ]

e Ba mE e me wa B W M e WS WS WA ML B BA WS NS B B BE B WA B RS s WY WS B WS WS NS W e W WS WS W B W W W By WS W S T WD B EE W W W

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

(declare (special

str.trace-numbers ;#ss For debugging only.

¢sch.cycle:split-lives
;a;h.cycle:joia-llvet

M1

;*¢+ (SCH.COMPUTE-LIVE-DEAD)

M1l

;#s+ Computes the live-dead information for splits and joins as described
;##+ above. This procedure should be called after all the VNa have been
;%es scheduled.

e

(defun sch.compute-live-dead ()
(:= esch.cycle:split-1lives
(sch.gen-function:kill-function:compute-live-vector
*éch.vn:split-gen-cycle
*sch.vn:split-kill-cycle) )
(:= sach.cycle:join-lives+
(ach.gen-function:kill-function:compute-live-vector
*gch.vn: join-gen-cycle
&% *sch.vn:join-kill-cycle) )

H
1l

;#¢¢ (SCH.GEN-FUNCTION:KILL-FUNCTION :COMPUTE-LIVE-VECTOR

H 1T LIVE GEN-FUNCTION KILL-FUNCTION)
11
;#++ This function computes the LIVE vector, as deacribed above.

;%% GEN-FUNCTION and KILL-FUNCTION take a single argument, a VN, and
;#¢s return the first cycle that VN is live or the last cycle it is live.
;#¢s The new live vector is returned. The GEN-FUNCTION returns () 1if
;#¢s the VN doesn’t produce a value.

1l

1e

(defun sch.gen-function:kill-function:conpute-live-vector
( gen-function kill-function )

(let ( (1ive (makevector (+
(gen (makevector (+

(k111 (makevector (+
(vector:initialize live
(vector:initialize gen
(vector:initialize kill

#15.last-cycles 8) ) )
#1s.last~-cycles 3) ) )
*ls.last~-cycles 8) ) ) )
svn-get,enpty-sets)
*Vn-get.enpty-sets+)
sVn-get.empty-sets)

;#¢% Set GEN and KILL for each VN.
Hill

(loop (for-each-vm vn)

(bind gen-cycle

(when gen-cycle)

(bind kill-cycle (funcall kill-function vn) )

(funcall gen—function va) )

(do
(:

A ([] gen gen-cycle) (vn-set:unionl &2& vn) )

([] k111 kill-cycle) (vn-set:unioni &&& vn) ) ) )

1
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)

;#++ Compute LIVE from GEN and KILL
il
(:= ([] 14ve 0) ([) gen 0) )
(loop (incr i from 1 to (+ 2 sls.last-cycles) ) (do
2:= (0] 1ive 1)
(vn-get:union
(vn-set:difference ([]1 1ive (- & 1; )
1

(0] k111 (- & ))
([} gen1) )))))
1ive) )

L

Rl
ieeE
1T
R
1688
11
1888
888
H L
HLI L

(SCH.VN:SPLIT-GEN-CYCLE VN)
(SCH.VN:JOIN-GEN-CYCLE VN)
(SCH.VN:SPLIT-KILL-CYCLE VN)
(SCH.VN:JOIN-KILL-CYCLE VN)

These functions return the first and last cycles that a VN is live, for
splits and joins. The -GEN- functions return () if the VN doesn't produce
a value.

(defun sch.vn:split-gen-cycle ( vn )
(&% (vn:register-bank-me vn)

(caseq (vn:type wvn)
(def1
0)
(operation
) (+ (vn:scheduled-cycle va) 1) )
c

oPY
(+ (vn:scheduled-cycle vn) 1) )
0J))»)

(defun sch.vn:join-gen-cycle ( wvan )
(&g (vn:register-bank-me vn)

(let ( (cycle
(caseq (vn:type wn)
(defl

0
(oporiﬁlou

(+ (vn:scheduled-cycle vn)
¢ (+ 1 (me:delay (vn:me vn) ) ) ) )
co
P{+ (vn:scheduled-cycle vn) 1) )

0l )y
1¢ (&x (1 (vn:reading-vas vn) )
; § : E> gycle.(sc:?;n:;oln-till-cyclo vn) ) )
then

(else
cycle) ) ) ) )
1eee

Etto Hairiness here: If a VN has no readers but just off-live

i%ss+ readers, and all those off-live readers are scheduled in
:¢%s the sane cycle in which VN's value 18 produced, then for
:**s the purposes of join-live the value of VN is never generated
;¢se (we don’t want to report its locations).

(det%n sch.vn:split-kill-cycle ( wvn )
max
(loop (for reading-vn in (vn:reading-vns vn) )
(reduce max O
(caseq (vn:type reading-vn)
(operation (vn:scheduled-cycle reading-vn) )

(copy (vn:scheduled-cycle reading-va) )
Eusol (+ 2 +ls.last-cycles) )
t

ferror (1ist reading-wvn "Case error."))))))

(loop (for off-live-reading-vmn in (vn:off-live-reading-vns vn) )
(reduce max 0
(+ (vn:scheduled-cycle off-1live-reading-vn)
+1

(we:delay (vn:me off-1ive-reading-vn))))))))

(aaf?n sch.vn:join-kill-cycle ( vn )
max
(loop (for reading-vn in (vn:reading-vns va) )
(reduce max 0
(caseq (vn:type reading-vn)
(operation (+ (vn:scheduled-cycle reading-vm)
(me:delay (vn:me reading-van) ) ) )

(copy (vn:scheduled-cycle reading-vn) )
Euuel (+ 2 sls.lagt-cycles) )
t

(error (list reading-van "Case error.”))))))

(loop (for off-live-reading-vmn in (vn:off-live-reading-vans vn) )
(reduce max O
(+ (vn:scheduled-cycle off-1ive-reading-vn)
(me:delay (vn:me off-live-reading-vn)))))))

;;tt

;¢++ (SCH.CYCLE:SPLIT-DEF CYCLE)

1l

;#ss Constructs a DEF for a split at CYCLE (the last cycle of the jump
;##¢ 18 scheduled for CYCLE).

2211

(defu? sch.cycle:split-def ( cycle )
‘(def
..(1f *1ls.trace-infornation?s
E} ;ﬁtrtce ,str.trace-numbers Heycle ,(+ cycle 1) ) )

.+(loop (for-each-vn-set-element ([] ¢sch.cycle:split-1lives
(+ cycle 1)
m
(save *(,(vn:name vn)

3
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)

,(me:name (vn:register-bank-me vn) )
. (vn:register vng )))))

[T !

;ott

;#*+ (SCH.CYCLE:JOIN-USE CYCLE)

1%k

;+++ Constructs a USE for a join to the beginning of CYCLE.
Rl

(defun sch.cycle:join-use ( cycle )

,,(if #ls.trace-information?s
E§ §Ibrnca ,ttr.trace-number+ ¥cycle ,(+ cycle 1) ) )

.,{lcop (for-each-vn-set-element ([] ¢sch.cycle:join-1ivee cycle) wn)
(save *(,(vn:name wn)
.(ae:name (vn:register-bank-me wvn) )
.(vn:register vn) ) ) ) ) )

1
188

;#¢s (SCH.CYCLE:SPLIT-PARTIAL-SCHEDULE SPLIT-CYCLE)

1

;¢#ss Returns the partial schedule for a split at EPLIT-CYCLE. The partial
;#¢#¢ pchedule consists of those operations spanning the boundary between
;¢ss SPLIT-CYCLE and the succeeding cycle.

(e

(defun sch.cycle:split—partial-achedule ( sglit—cyclc )
(loop (imer cycle from (+ split-cycle 1) to sls.max-schedule-sizes)
(bind partial-cycle
(loop (for vnkoper in ([] ¢ls.schedules cycle) )
(bind (vn . oper) vnkoper)
(wvhen (&8 (== ‘operation (va:type vm) )
(<= (vn:scheduled-cycle wvn) split-cycle) ) )
(save vnkoper) ) )
(vhile partial-cycle)
(save
(12 *ls.trace-information?s (then
‘C (O . () trace ,str.trace-numbers split ,(+ 1 split-cycle)))
. .partial-cycle) )
(else
partial-cycle) ) ) ) )

jeee
;e¢s (SCH.CYCLE:JOIN-PARTIAL-SCHEDULE JOIN-CYCLE)
see

:#ss Returns the partial schedule for a join at JOIN-CYCLE. The partial
;#¢s pchedule consists of those operations spanning the boundary between
;##+ JOIN-CYCLE and the previous cycle.

1l

+ TR

(defun sch.cycle:join-partial-scheduls ( join-cycle )
(dreverse

(loop (decr cycle from (- joln-cycle 1) %o 0)
(bind partial-cycle
loop (for wvankoper in ([] els.schedules cycle) )
(bind (vn . oper) vngkoper)
(vhen (8% (== ‘operation (vn:type vm) )
(<= {oin-cycle
+ (vn:scheduled-cycle wn)
(me:delay (vn:me vn) ) ) ) ) )
(save vnkoper) ) )
(vhile partial-cycle)
(save
(1f *ls.trace-information?+ (then
*C (O . () trace ,str.trace-numbers join ,(+ 1 join-cycle)))
..partial-cycle) )
(else
partial-cycle) ) ) ) ) )
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;ees Copyright (C) 1088 John R. Ellis. This file may be used for sessenes
;#s» educational and research purposes only, by the faculty, studenta, ssessess
;#s¢ and staff of Yale University only. sherkend
L (L1 2 1T E ]

LIST BCEEDULER

This module implements the main part of the list scheduler and its
interface to the outside world:

(INTIALIZE-CODE-GENERATOR)

(GENERATE-CODE LIVE-BEFORE SOURCE-RECORD-LIST LIVE-AFTER)
(SCHEDULE :LENGTH SCHEDULE)

(SCHEDULE: [] SCHEDULE I)

(SCHEDULE:JOIN SCHEDULE I)

(SCHEDULE:SPLIT SCHEDULE I JUMP-NUMBER)

Thege procedures are all documented in
DOCUMENATION : CODE-GEN-INTERFACE.DOC.

For the implementation details, start with the body of GENERATE-CODE.
The list scheduler proper etartse with SCH.SCHEDULE below.

e WA WA B s W Ba W e W W WS WA WA W WL W WE W Wy M

(eval-vhen (compile load)

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

(build '(1ist-scheduler:heap) ) )

(declare (special

*tT.trace-numbers ;#¢# For debugging only.
))

(defvar #*ls.max-schedule-sizes 400)

(defun initialize-code-generator ()
(va.initialize)
(dag.initialize)
(sch.initialize) )

(defun generate-code ( live-before source-record-1ist live-after )
(vn.initialize)
(dag.make live-before pource-record-list live-after)
(bug.assign-nee)

(usg 0 t "Last BUG cycle = *
(loop (for-each~vn vn)
(vhen (vn:bug-cycle vn) )
(maxinize
(+ (vn:bug-cycle wvn)
(caseq (vn:type wvn)
?operauion (me:delay (vn:me vn) ) )
s (t 0))))
t

(sch.schedule)

*1g.8chedules)

(defun achednle:length ( schedule )
(1f (== schedule #ls.schedules)
(+ sls.last-cycles 1)
(length schedule) ) )

(defun schedule:[] ( schedule 1 )
(lets( (vnkoper-list

(12 (== schedule #*ls.schedules)
([} #ls.schedules (- 1 1) )
(nth-elt schedule 1) ) )

(result

(loop (for (vmn . oper) in vnRoper-list) (save

*(.oper ,(&% vn (vn:datum vn) ) ) ) ) ) )

(1f (&& *ls.trace-informationf?s
(== achedule ¢ls.achedules) )
(then
*C ( () trace ,etr.trace-numbers) () )
,.Tosult) )

lge
result) ) ) )

(defun schedule:join ( schedule 1 )
(assert (== schedule #ls.schedules) )
(let ( (cycle (-1 1) ))
*(.(sch.cycle:join-use cycle)
. (sch.cycle:join-partial-schedule cycle) ) ) )

(defun schedule:split ( schedule i jump-number )
(assert (== schedule tls.achadula*? )
(let ( (cycle (-1 1) ) )
*(.(sch.cycle:split-def cycle)
., (sch.cycle:split-partial-schedule cycle) ) ) )

ey

Et;¢

;#¢s (SCH.SCHEDULE)

148

;#¢+ This procedue is the top-level list-scheduler that actually schedules
;¢#¢% VYNs on the schedule.

M1l

(declare (special
sgch.data-ready-heaps

B2
;¢¢¢ This 1s the list-scheduler’'s data-ready queue, implemented
:##¢ as » HEAP. When a VN is scheduled, the scheduling
;%s¢ procedure adds any newly-data-ready VNs to the HEAP,
;#s¢ VNs are kept sorted by VN:CYCLE, the earliest cycle that
;*#s the VN could be scheduled; within the same cycle, VNs
;%*s of larger height will take priority.

¢sch.split-lives
esch.join-1ives
1oy

;#¢s From SCH-SFLITS-JOINS.

1
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sgch.me-to-release-off-lives
188
;e¢¢ VN8 that are "off-live read” by a conditional jump cannot
;e%¢ have their readers-left count deallocated until the start
;¢¢¢ of the cycle AFTER the cycle containing the conditional
;¢¢¢ jupp. This variable holds the list of the off-live VNs
;#¢¢ of jumps scheduled in the current cycle; after the cycle
;#¢¢ in scheduled we’ll go over the list, releasing the

)) eee off-live VNa.

(defun sch.initialize ()

#ls.8chedules*

*1s.lagt-cycloes

*ls.cycles
¢gch.data-ready-heaps
¢pch.vns-to-release-off-lives

4s 4 an sn
Hnnweau

sgch.aplit-lives
¢gch.join-1lives

N NN

e

o~~~ L i b i ]
St St St S St N Nt
St St et St St S N

;#s# Initialize support modules.
jees
(registers.initialize)
Ege;our:e.1n1t1311=e-nchedule *1ls)

(defun sch.schedule ()

(sch.initialize)

;ess Initialize data structures.

L
(:= sls.schedules (makevector #1s.max-schedule-sizes) )
(:= #ls.last-cycles -1)
(:= ¢ls.cycles 0)
(:= #sch.data-ready-heap* (heap:create ‘sch.vn:vn:heap-compare) )

;ees Initialize fields in the DAG.
R

(dag.set-counts)

(1002 (for-each-van vn) (do
:= (vn:cycle va) 0) ) )

;¢¢s Mark USEi-ed registers as "avoid if possible.”
Bl
(sch.uark-used-registers)

:#¢+ Schedule all the VNs in the DAG with no predecessors (DEFs and
;#¢s pseudo-ops). This will fill the data-ready queue with "real®”
;#s% VNa.
il

(loop (for va in tls.entrngnatj (do
(sch.vn:schedule vn) ) )

:#¢+ WYhile there are more VNs to schedule, pick one out of the
;#¢+ data-ready queue and try to schedule it.
(o8
(lcop (while (> (heap:size *sch.data-ready-heaps) 0) )
(vind vn (heap:delete ¢gch.data-ready-heaps) )

(do
(agssert (! (vn:scheduled-cycle vn) )
(h vn) t “SCHEDULER: VN already scheduled.®)

(12 (t== slp.cycles (vn:cycle vn) ) (then
(sch.reletse-oft-liwe{ ) )
(:= #ls.cycles (vn:cycle wn) )
(sch.vn:schedule vm) )
(result
(sch.release-off-1ive) ) )

;*++ Run various debugging consistency checks.
H 1L

(sch.check-consistency)

;#+¢ Coppute the live-dead inforsation.
L
(sch.compute-1ive-dead)

:#*+ Sort the operations on the schedule by source order (using
;#¢+ VN:NUMBER -- groan). This overkill is only to keep jumps
;*¢¢ gcheduled in the same cycle in source order.
Rl
(1oo¥ (incr cycle from 0 to #ls.last-cycles) (do t
:= ([] +1ls.schedule# cycle)
(sort &&& (f£:1 ( vnioper1l vnioper2 )
(< (vn:number (car wvnkoperi) )
0) (vn:number (car wvngoper2) ) ) ) ) ) ) )

1]

;#+¢ (SCH.MARK-USED-REGISTERS)

1]

;#%# Marks every register mentioned in a USE1 as "avoid if possible®.
;#++ The register allocator will avoid these registers if possible, thus
;#¢¢ reducing the amount of copying we need to do.

il

(defun sch.mark-used-registers ()
(loop (for vn in *1s.exit-vnss)
(do (vhen (== 'use (vn:type vn) ) )

(loop (for usei-vn in (vn:operand-vaa vam) )
- (vhen (vn:register usel-va) )

o) (vn:record-preferred-location usei-van) ) ) ) )

;:tt

;¢s+ (SCH.CHECK-CONSISTENCY)

008

;#++ Perforas various debugging and consistency checks after forming a
;#ss gchedule,

1408

(defun sch.check-consistency ()

3
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;#s¢¢ Make sure all the VNs were scheduled.
MLl
(loop (for-each-vn vn)
¢ (when (! (memq (vn:type vn) *(def use) ) ) )
do

(assert (vn:scheduled-cycle vn)
(h vn) t "SCHEDULER: VN wasn't scheduled.") ) )

;#¢s Make pure registers were freed up properly.
Jees
(loop (for me in #lp.register-bank-mess) (do
(loop (incr 1 from O to (- (ae:size me) 1) )
(bind vn (cycle:me:register:occupied?
(+ 1 #ls.last~cycles) me 1) )
{when wvn)
(do
(assert (for-some (reading-vn in (vn:reading-vmns wvn) )
(== ‘usel (vn:type reading-vn) g-}
"Register ® 1 " in bank * (me:name me) " containing: * ¢
(h vn) ¢
*wvasn't freed up.”) ) ) ) )

0)

;#¢¢ (SCH.VN:CYCLE:ENQUEUE VN CYCLE)

;#¢¢ Places VN on the data ready queue to be scheduled no earlier than
CYCLE.

(defun sch.vn:cycle:enqueue ( vn cycle )
(:= (vn:cycle vn) (max &k cycle) )
E?e?p:innert *gch.data-ready-heaps vn)

PO

;#¢¢ (SCH.VN:DEQUEUE VN)

HIl

;¢¢s Rexoves VN from the data ready queue “"preamaturely® if it is in the
;##¢ queue. If it isn’'t, nothing is done. It will get requeued eventually
;*#s later on.

1l

(defun sch.vn:dequeune ( vn )
(if (== 0 (vn:predecessors-left vn) ) (then
(heap:remove *sch.data-ready-heaps vn) ) )

Ll
e

;#¢¢ (SCH.VN:VN:HEAP-COMPARE VN1 VN2)

BRIl

;##+ Copparison function used by the list-scheduler priority queue. VNi
;#s¢ takes priority over VN2 if either its :CYCLE is earlier or, if the

;*ss :CYCLEs are the same, 1f its :HEIGHT is larger; or if the :HEIGHTs
;¢*+ are the same, if :BUG-CYCLE is earlier.

;s

;e

(defun sch.vn:vn:heap-compare ( vnl vn2 )
(e( (; (vn:cycle val) (va:cycle wn2) )
t

( (== (vn:cycle vail) (vn:cycle vn2) )
(?( (> (vn:height vai) (vn:height vn2) )

t
( (== (vn:height vni) (vn:height wn2) )
(1t (&& (vn:bug-cycle vnil)
(vn:bug-cycle vn2) )

(then
(< (vn:bug-cycle vnl) (vn:bug-cycle vn2) ) )
(else
t
(s
0J)))
(s
03))
;ees (SCH.VN:SCHEDULE VN)
T

;#4s This procedure tries to schedule VN by dispatching to the appropriate
;¢+¢ procedure according to VN's type. Each such procedure tries to schedule
;#ss VN in the current cycle. If it succeeds, any new data-ready successor
;#++ VN8 are enqueued in the data-ready heap. If it fails, it enqueues VN
;%%+ back in the heap for a later cycle.

il

(defun sch.vn:schedule ( va )
(caseq (vn:type wn)
(pseudo-op (sch.pseudo-op-vn:schedule vn) ;

(det (sch.def-vn:schedule vn)
(operation (sch.operation-vn:schedule vn) )
(copy (sch.copy-vn:schedule vn) )
(usel (sch.usei-vn:schedule vn) )
t

(error (1ist vn *Case error.") ) ) ) )

fees

;#¢¢ (SCH,PSEUDO-OP-VN :SCHEDULE VN)

Jeee

;*+s Schedules a pseudo-op VN by placing its pseudo-operation om the
;#¢+ gchedule.

Jees

.k
.

(defun sch.pseudo-op-vn:schedule ( va )
(:= (vn:scheduled-cycle vn) ¢ls.cycles)

(push ([] *ls.schedules sls.cycles)
‘(.vn () ,,(vn:oper wn) ) )
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E;=)-1a.1asb-c1clot (max &8k *1s.cycles) )

TT]

ON

;¢s+ (SCH.DEF-VN:SCHEDULE VN)

H 1L

;##s Schedules a DEF VN merely by scheduling all of it readers which are
;#¢¢ DEF1 VNs.

1L

-
ML

(defun sch.def-vn:schedule ( vn )
(:= (vn:scheduled-cycle vn) #lp.cycles)

(loop (for resding-vn in (vn:reading-vms vn) ) (do
’ )%sch.de!l-vn:nchednle reading-va) ) )

Ll

;+s% (SCH.DEF1-VN:SCHEDULE VN)

£ 11

;##+ VN is a DEF1. If VN is a constant DEF, then all of its successors
;#¢# are released into the scheduling queue.

;¢ss If VN i3 & register bank, then a register is allocated and assigned
;#3% t0 to 1%, and all the successors are released into the scheduling
;es% queue. If this 1s a loop trace and VN's name is written on this
;es# trace, then we assume the name is an induction variable; we set the
;### locations of all the USEls of the same name that don’t currently
;##% have a register location to be the register just allocated to this
;es% DEF VN. This will reduce copying of the induction variables, and
;##* any copying that must be done will be integrated into the body of
;e%% the loop (presumably filling "holes® in the schedule).

Bl

rt.

(defun sch.defi-vn:schedule ( va )
(let ( (dest-me (vn:me wm) )
(dest-register () ) )

(:= (vn:scheduled-cycle vn) sls.cycles)

(1f (== 'constant-generator (me:type dest-me) ) (then
(sch.vn:splice-copies vn) )

(else
(:= deat-register
(cycle:me:vn:allocate-register
0 dest-me vn (van:register vn) ) )

(1f (&&x *1s.loop-tracefts
g (< 0 (dag.naze:trace-write~count (vn:name wvn) ) ) )
then
(1f£-1et ( (use-vn (dag.name:use-vn (vn:name vn) ) ) ) (then
(loop (for usei-vn in (vn:operand-vns use-vn)
" (when (! (vn:register usei-vn) ) )
o

(:= (vn:register-bank-pe usei-vn) dest-me)

(:: (vn:me usei-vn) dest-me)

(:= (vn:likely-ames usei-vn) °*(,dest-me) )
(:= (vn:register usel-vn) dest-register)
(vn:record-preferred-location usei-vn)))))))

(sch.vn:me:register:cycle:assign-location
n
dest-me
deat-register
0)))

(sch.vn:release-successors vn)
0))

HL

(eEs

;##+ (SCH.USE1~VN:SCHEDULE VN)

1T

;#¢% VN 18 a USEL. It 1s "scheduled” just by insuring that if it requires
;#*s a ppecific location then the value is actually there.
ML L

(defun sch.usei-vn:schedule ( vn )
(:= (vn:scheduled-cycle vn) sls.cycles)
(12 (vn:register-bank-me vn) (then
(let ( (operand-va (car (vn:operand-wvns vn) ) ) )
(asgert (8% (== (vn:register-bank-me vn)
(vn:register-bank-me operand-vn) )
(== (vn:register

wn
(vn:register operand-vn) ) )

(h vn) ¢
0) ®"A value didn’'t end up in its USE location.®) ) ) )
M
L]
;#++ (SCH.NODP-VN:SCHEDULE VN)
(o8

;#¢% VN 18 either a COPY or an OPERATION whick we've decided shouldn‘t
;#¢s produce any machine opertions. But because the bookkeeper interface
;#¢s needs a representative for each source operation on the schedule, we
;#¢% need to schedule a NOOP machine operation.

M1l

;#¢s Currently the only NOOPs arise from some opesration that produces

;¢4#¢ & value whose only use is as an off-live variable at a splis. If
;##s the operation 1s scheduled below the split, it can be scheduled as
;o¢s NOOP that doesn't consume any resources.

R

Mk

(defun sch.noop-vn:schedule ( va )
(:= (vn:scheduled-cycle vn) ¢ls.cycles)

(sch.vn:release-operands vn)
(sch.vn:release-successors vn)
(sch.vn:release-off-1ive vn)
(push (E] s1s.schedules ¢ls.cyclee)

lm
QO

noop
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..(vn:oper wvn) ) )
E;s}olo.Iast-e,cle- (max R&E& ¢lp.cycles) )

teee

;#¢s (BCH.VN:RELEASE-OPERANDS VN)

11

;#%¢ For each operand of VN, this procedure decrements the readers-left
;#%% count. If the count reaches O, the VN's register is deallocated.
H 21

Ty

(defun sch.vn:release—operands ( vn )
(loop (for operand-vm in (vn:operand-vans vn) ) (do
){sch.vn:rotd-releaae operand-vn) ) )

1l
;#s¢ (SCH.VN:RELEASE-OFF-LIVE VN)

;#s¢ (BCH.RELEASE-OFF-LIVE)

i

;¢ss SCH.VN:RELEASE-OFF-LIVE performs a function similar to

;#%¢ SCH.VN:RELEASE-OPERANDS. But the readers-left count of the off-live
;o9% VNs can’t be decremented until after the end of the current cycle
;ess (bocause an off-live VN's value must stay alive until after the juamp
;#s¢ completes). 5o we just repember this VN, and at the end of this
;###% cycle SCH.RELEASE-OFF-LIVE will be called to do the actual release.
R

(defun sch.vn:release-off-live ( vn )
(12 (vn:off-live~vns vn) (then
(push #sch.vns-to-release-off-lives vn) ) )

(defun sch.release-off-1live ()
(lcop (for vn in sgch.vns-to-release-off-lives) (do
(loop (for off-live-vn in (vn:off-1live-vms vn) ) (do
(sch.vn:read-release off-live-va) ) ) ) )
¢sch.vne-to-releage-off-1lives () )

(:=
0)

;#e¢ (SCH.VN:READ-RELEASE VN)

;#3# Decrements the readers-left count of VN, and if it reaches O, then
;#9% its register 1o deallocated.

;##¢ A VN's register cannot be reused by somebody else until the maxinmum,
;##+ over all the readers, of the last cycle of the reader, and the

;#+¢ paxipum, over all the off-live readers, of the cycle following the
;##+ end of the off-live reader. This guarrantess that the a read register
;#s¢ 18 "alive® for the duration of all the operations that raad it.

(defun sch.vn:read-release ( vn )

(:= (vn:readers-left vn) (- &&& 1) )
(1t (a8 (<= (va:readers-left vn) 0)
(va:register-bank-me vn) )
(then
(let ( (cycle-free
(max
(loop (for reading-vmn in (vn:reading-vms vn) )
(reduce max 0
(caseq (va:type reading-vn)
(operation
(+ (vn:scheduled-cycle reading-vn)
. (mo:delay (va:me reading-vn) ) ) )
co

PY
& (vn:scheduled-cycle reading-vn) )

(error (list reading-vm "Case error.®*))))))

(loop (for off-live-reading-va
in (vn:off-live-reading-wvns wvn) )
(reduce max 0
(+ (vniachednled-cyclc off-1ive-reading-vn)
+*

(me:delay (vn:me off-live-reading-vn)))))))))
(cycle:me:register:deallocate cycle-free

(vn:register-bank-me vn)
(vn:register w)))))

;#%s (SCH.VN:RELEASE-SUCCESSORS VN)

;#s+ Decrements the predecessors-left count of each successor of VN. If
;##+ 1t reaches O, the successor is enqueued for scheduling. A reading
;#*» guccessor is enqueuned for the cycle that the value of VN becomes
;#¢¢ avallable; a constrained successor is enqueued for the current cycle
;##% plus the delay of the constraint.

(defun sch.vn:release-successors ( va )
(let ( (available-cycle
(caseq (vn:type vn)
( (operation copy)
" %va:rosil&er-cycle wn) )

t
slp.cycles) ) ) )

(loo? (for reading-vn imn (vn:reading-vms vn) ) (do
:= (vn:cycle reading-vn) (max &% avallable-cycle) )
Eti (>= 0 (:= (vn:predecessors-left reading-vn) (- &% 1) ) )
en
(sch.vn:cycle:enqueue reading-vn (va:cycle reading-vn) ) ) ) ) )

(loop (for constrained-va in (vn:constrained-vms vm) ) (do
:= (vn:cycle constrained-vn)
(max E2&
(cycle:delays:constrained-cycle

¢ls.cycles

9
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3

(vn:delay vn)
(vn:delay constrained-vn)
(vn:constrained-vn:delay vn constrained-vm))))
Eit (>= 0 (:= (vn:predecessors-left constrained-vn) (- &&& 1) ) )
then
(sch.vn:cycle:enqueue constrained-vn
0% 3 (vn:cycle constrained-vn))))))

.

tene

;#¢+ (SCH.VN:ME:REGISTER:CYCLE:ASSIGN-LOCATION VN ME REGISTER CYCLE)

;e

;¢#¢¢ Aspigns a register location to VN that is available at time CYCLE
;#¢+ and later. Updates the live-dead table to signify a new live VN

;#¢¢ gtarting at CYCLE. Copies are spliced between VN and all the readers
;#¢¢ of VN that can't read its value directly.

18k

1)

(defun sch.vn:me:register:cycle:assign-location ( vn me register cycle )
:= (vn:register-bank-me vn) me)
(:= (vn:register vn) register)
(:= (vn:register-cycle wmn) cycle)

.
nn

(sch.vn:splice-copies wvn)
0)

JeEe

;#s¢ (SCH.VN:SPLICE-COPIES WN)

R

;#¢¢ Splices one or more copies between VN and those readers that can't
;sss read the current location of VN directly. Each reader is examined
;e¢¢ in turn to see if it can read the current location of VN. All the
;#ss readers that can't are grouped according to the first ME on the path
;oe¢ from the location of VN to the desired destination of the reader
;#ss (a functional unit or register bank). Between VN and each such group
;#¢s 18 gpliced a new COPY VN.

Jeee

(defun sch.vn:splice-copies ( vn )
(let ( (first-on-pathikreading-vns-table () ) )

(loop (for reading-vn in (vn:reading-vns wn) )
(bind first-on-path (sch.vn:reading-vn:needs-copy?
va reading-vm) )
¢ (when first-on-path)
do
(12-1et ( (me&reading-vns (assoc first-on-path
¢ first-on-pathireading-vns-table)))
then
¢ (push (cdr mekreading-vns) reading-van) )
else
(push first-on-pathireading-vns-table
*(,first-on-path ,reading-vm) ) ) ) ) )

(loop (for (() . reading-vmns) in first-on-pathireading-vns-table)
(bind copy-vn (vn:create (vn:new
type *copy

kg
.

name (vn:name vn)
height (vn:height vn)

cycle ¢lg.cycles
readers-left (length reading-vns)

predecessors-left 1) ) )
(do

(vn:splice-va vn copy-va reading-vms () )
(:= (vn:readers-left vn) (+ 1 (- &2& (length reading-vms) ) ) ) ) )

0))

skee
Ll
1t
HLL L
ML L
L
L

(5CH.VN:READING-VN:NEEDS-COPY? VN READING-VN)

Returns non-() if READING-VN can‘t read the value of VN from its current
location, false o.w. The non-() value returned is usually the first ME
on the path fros the location of VM to vherever READING-VN wants 1it.

+ ¥ 8

(defun sch.vn:reading-vn:needs-copy? ( va readin

va )
(let ( (source-me (sch.vn:location-me vn) ) fﬁ

(e ;#¢s READING-VN is an operation. A COPY 1s needed if the
;##+ location of VN 18 not one of the direct imputs of
;*#*s the functional unit sssigned READING-VN, or 1if
;#%¢ the current location of conflicts with the other
;#¢¢ operands of READING-VN.

Ll
(&% (== ‘operation (vn:type reading-vn) )
(11 (! (memq source-me (me:inputs (vn:me reading-vn) ) ) )
(sch.vn:me:reading-vn:conflict?
vn source-me reading-vm) ) )
(me:me:first-on-path source-me (vn:me reading-vn) ) )

;##+ READING-VN 1is a USE1l. A COPY is noeded if VN's
;#¢+ location 1s a constant generator, or if VN's register
;¢es location is not the same as that required by the
;ess USEL.
R
( (== 'usel (vn:type reading-wvn) )
(?( (== ‘constant-generator (me:type source-me) )
(1t (; (va:register-bank-me vn) ) (then
%

(olse
(me:me:first-on-path source-me
(vn:register-bank-mse reading-vn)))))

( (& (vn:register-bank-me reading-vn)
(Il (== source-me (vn:register-bank-me reading-va) )
(1== (vn:register vn) (vn:register reading-van))))
(me:me:first-on-path source-me
(va:register-bank-me reading-van) ) )

(¢
0)))

(&
0Y)))

11
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;e¢s (SCH.VN:ME:READING-VN-CONFLICTS VN ME)

;¢+¢ Returns the number of readers of VN that conflict with using ME
;#ss for the result of VN. ME 1s either the destination register bank
;#%s to be used for VN or else the constant generator assigned to VN.

;o8% A reader of VN, RVN conflicts with the choice of ME for storing VN
;¢¢s 1if 1t 18n°t possible for RVN to read out all of its operands in the
;#¢+ pame cycle (e.g. because there aren't enough ports).

;##+ Currently, we assume that the only possible resource that could cause
;#e# conflict is the number of available ports (i.e. all ports of of a
;#¢+ reglster bank are connected to the identical set of destinations).
;#s% 80 checking to see if ME conflicts with previously assigned operands
;¢%% 18 merely a matter of counting the number of ME ports required by
;% all the operands.

(defun sch.vn:me:reading-vn-conflicts ( vn me )
(loop (for reading-vm in (vn:reading-vns vn) )
(when (sch.vn:me:reading-vn:conflict? vn me reading-vm) )
(reduce + 0 1) ) )

(defun sch.vn:pe:reading-vn:conflict? ( vn me reading-vn )
(1¢ (== ‘constant-generator (me:type me) ) (then
(1o0op (for operand-vn in (vn:o?orand-vns reading-vn) )
(wvhen (!== vn operand-vn) )
(vhen (== me (vn:me operand-vn) ) )

(do
(resturn t) )
(result () ) ) )

(else
(let ( (read-ports (me:read-ports me) ) ) ;*++ Compiler hug.
(> (sch.vn:pe:reading-vn:required-ports vn me reading-vn
read-ports) )} ) ) )

(defun sch.vn:me:reading-vn:required-ports ( va me roldinf-vn )
(loop (for operand-vn in (vn:operand-vns reading-vn)
(when (!== vn operand-vn
(wvhen (== me (vn:register-bank-me operand-vm) ) )
(reduce + 1 1) ) )

B
L

;#%% (SCH.VN:MAX-HEIGHT-READING-VN VN)

R

;#*32 Returns the reader of VN of maximum height.
il

(defun sch.vn:max-height-reading-va ( vn )
(loop (for reading-vn in (vn:reading-vmna vm) )
(maxinize reading-vn (vn:height reading-vmn) ) ) )

Ll

ML L

;¢%+ (SCH.VN:MAX-HEIGHT-DEST-ME VN)

Lt

;#¢+ Finds the reader of VN that has saximus height, and then returns
;¢*s the destination ME that VN must deliver its result to for it to be
;¢#+ used by the reader. The ME returned depends on the type of

;¥#++ READING-VN:

Rl

H d OPERATION: the functional unit assiged to the VN.

ek COPY: wherever the sax height reader of VN wants its value.
H il USEL: any register bank assigned to the use.

1e88

;#%+ Returning () means that wo don’t have any particular preference for
;%% a a destination ME; this should only occur 1f VN ies & USEl and doesn’t
;*+s have a required location.

]

;#%¢ GROAN: Ve use an unexported function froas BUG.

1eee

(defun sch.vn:sax-height-dest-ae ( va )
(bug.vn:dest-me
(loop (for reading-vm in (vn:reading-vns vn) )
(maximize reading-vn (vn:height reading-vn) ) ) ) )

ik
e

ML

;#¢s (SCH.VN:LOCATION-ME VN)

Rl

;¢*s Returns the current ME location of the value of VN vhich must be
;¢+s road to got the value of VN. WNormally, this is the register bank
;¢*+ ME, unless VN is a DEF1 assigned a constant generator, in vhich case
;%¢s the c.g. ME 1s returned.

HLL L)

T ]
.

(defun sch.vn:location-me ( vn )
(12 (a& (vn:me Wn)
(== ‘constant-generator (me:type (va:me wvn) ) ) )
(vn:me va
(vn:register-bank-me vn) ) )

(defun sch.print-schedule ()
(meg O t ®"Schedule:" t)
(loop (incr 1 froa O to #ls.laast-cycles) (do
(msg () 1 8) ": "
(2 (loop (for (vn . oper) in ([] #ls.schedules 1) ) (save
oper) ) )
t)))
0)
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;#es Copyright (C) 1088 John R. Ellia. This file may be used for eeseenes
;¢¢¢ educational and research purposes only, by the faculty, students, sesseses
;¢++ and staff of Yale University only. (2T
1ene T
L]

A pipelined sequential model used for coaparing with ELI-MODEL.LSP.

One operation can be initiated every cycle, and the register port can
read and write a value every cycle.

e me we We B W

(def-machine-model

;#s+ Register bank R
H 1]

(def-me (name r)
(type register-bank)
(size O.Tt 0 64) )
(inputs (ful fu3 fud r ¢) )
(read-ports 8)
(wvrite-ports 1

)
(road-resources ( (r-read) ) )
(vrite~resources { (r-write) ) ) )
(def-resource-class r-read 8)
(def-resource-clagss r-write 1)

;¢ss Constant gonerator C
ML L
(def-me (nasme c)
type constant-generator)
(resources ( (constant) ) )
(constraint-function ss.imsediate-constant?) )
(def-resource-clags constant 1)

;#9% i{-cycle functional unit FU1
;000

(def-me (name fut)
(type functional-unit)
(delay 0)
(ioputs  (r c) )

re

(resources ( (cycle) ) )

(operators (float fix inot idiv isub ieq imax imin iadd ineg ilor
ige 11t 1le ine ioxp imul igt iand iabs bitrev
if-true 1f-false if-1lt% if-1gt 1f-ieq if-ine if-ile
if-1ge 1f-1eq if-ine if-1le if-ige) ) )

;¢es 8-cycle functional unit FU3
1T

(dof-me (name fus)
(type functional-unit)
(delay 2
(inputs (re))

(resources ( (cycle) ) )
(operators (fsub fadd fneg fain fmax fabs fdiv cos sin sqrt flt
fgt feq fne fle fge) ) )

;¢ss 4~cycle functional unit FU4
H 1z
(det-me (name fud)

(type functional-unit)

(delay 3)

(inputs (rc))

(resources ( (cycle) ) )

(operators (vbase ivload fvload ipload fpload ivstore fvatore
ipstore fpstore faul isul) ) )

(def-resource~class cycle 1) )

(defun em.immediate-constant? ( constant )
(?( (inump constant)
(k& (< constant 2047)
(> constant -2048) ) )
( (; 0 constant)
t

( (consp constant)
(== *address (car constant) ) )

(t
0)))

(defun load-constant? ( constant )
(1f (om.ipmediate-constant? constant) (then

(1== "load #ls.lamediate-constant-actions) )
(olsa) y )
t

1
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;##s Copyright (C) 10838 John R. Ellis. This file may be used for LTI 1
:#¢+ educational and research purposes only, by the faculty, students, eesssssss
;#¢+ and staff of Yale University only. *eseeess
A L2l gl

(alias *~~ °"atomconcat)

(defun em.cluster ( 1 (unique-name unique-fields) )
(let ( (c1 (atomconcat ‘c 1) )

(c1-8 (atomconcat ‘c (mod (- 1 8) 8) ) )

(ci-1 (atomconcat ‘c (mod (-1 1) 8) ) )

(ci+1 (atomconcat ‘c (mod (+ 1 1) 8) ; ;

ot (ci+8 (atomconcat 'c (mod (+ 1 8) 8) )
;**s Register bank CiR
(eee
(def-me (nane LA™ el ') )
(type register—hank}
(size 84
(inputs (.(*" c1-3 'r)
L~ ei-1 'r)
(el °r)
(™" c1+1 °r)
(*" c1+8 'r)
(™ ed te)
™ et ’m)
(el te)
A - D)
,(*~ c1  unique-name) ) )
(read-ports 8)

(write-ports 8)

(read-resources ( (,(~~ ci 'r-read) ) ) )

(write-resources ( (,("~ ci ‘*r-write) ) ) ) )
(def-resource-class ,(~" c¢i 'r-read) 8)
(def-resource-class ,(*~ ¢i 'r-write) 3)

;#¢s Integer adder Ci+
H 1l

(def-me (nanme et ) )
(type functionasl-unit)
(delay 0)
(inputs (.("" ci '1)

(et 'e) ))

(resources ( (,("~ci1 °+) ) ) )

(operators (float fix inot idiv isub ieq imax inmin
iadd ior ige 1lt 1ile ine iexp imul igt
iand iabs bitrev) ) )

(def-resource-class ,(*~ ci '+) 1)

;#¢s Integer tester Ci=

(888

(def-me (nanme et 0=) )
(type functional-unit)
(delay 0)

(inputs (.(*" e1 'r)

el ') ) )
(resources ( (. ("™ ec1 °=) ) ) )
(operators (if-true if-false if-ilt 1f-igt if-leq 1f-ine
1f-1le if-ige 1f-ieq if-ine if-ile if-ige)))
(def-resource-class ("~ ci °=) 1)

;¢+s Memory CiM

HLL L
(def-ae (name (el 'm) )
(type functional-unit)
(delay 2)

(inputs .(*" et 'r)
(et ve) ))
(resources ( (.(*~ ci *m) ) ) )
(operators (vbase ivload fvload ipload fpload ivstore
fvatore ipstore fpstore) ) )
(def-resource-class ,(*~ ci ‘m) 1)

;#s+ Constant generator CiC
R
(def-me (name N el te) )
(type constant-generator)
(resources ( (, (" ci "¢) ) ) )
(constraint-function
(lasbda ( constant )
(*( (inump constaat)
(s& (< constant 2047)
(> constant -2048) ) )
( {; 0 constant)
t

( (consp constant)
(s= 'address (car constant) ) )

(t
0J)))))
(def-resource-class ,(*~ ci ‘c) 1)

;#¢s Unique functional-unit
1T
(def-ne (name . (™ c¢i unique-name) )
(type functional-unit)
(inputs (.("" c1 °r)
("= et "c) ) )
(resources ( (,(** ci unique-name) ) ) )
.,unique-fields)
(def-resource-class , (=" ci unique-name) 1)

;%¢¢ Bus connections

1888
(def-bus ,(~~ c¢1-8 'r) ,(*~ ei 'r) 1)
(def-bus ,(~~ ci1+8 °r) ,(*~ c1 'r) 1)
(def-bus ,(~~ ei-1 'r) ,(*~ ¢1 'r) 1)
(def-bus ,(~~ ci+i °r) ,(*~ ¢l 'r) 1)

}))

(:= e?.tloabin;-toat
"=

( (delay 0)
(operators (i1f-f1t 1f-fgt if-feq if-fne 1f-fle 1f-fge) ) ) ) )

(:= em.table-lookup

1
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( (delay 0)
(operators (fdiv 1div cos 8in sqrt) ) ) ) )

(:= ezirlonuing-lnltlply
‘(L

( (delay 8)
(operators (fmul imul) ) ) ) )

(:= em.floating-add
L[] (t*

( (delay 2)
(operators (fsub fadd fmin fsax fabs) ) ) ) )

(eval *(def-machine-model

«.(em.cluster O em.floating-test)
.»(om.cluster 1 em.table-lookup)
..(om.cluster 2 em.floating-sultiply)
.. (em.cluster 8 em.floating-add)
..(on.cluster 4 em.floating-teat)
.. (em.cluster 5 ea.table-lookup)
+o(en.cluster 8 en.floating-pultiply)
j.§al.c1ustar 7 em.floating-add)

3
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;#¢s Copyright (C) 1083 John R. Ellis. This file may be uged for sesesee
;¢¢¢ educational and research purposes only, by the faculty, students, sesssess
;##¢ and staff of Yale University only. saseesss
sees 2064000

SHORTEST PATH

:; This module provides functions for constructing and accessing the
; shortest paths between machine elements.

: (SHORTEST-PATH.INITIALIZE)
H Initializes this module.

(SHORTEST-PATH . CONPUTE)
Constructe the shortest-path tables using a transitive closure
algoriths.

; (SHORTEST-PATH.PRINT)
Prints out the table of shortest-path delays between all MEs.

(ME:ME:DELAY ME1 ME2)
Returns the delay in getting & value froam the outputs of MEl to
the inputs of ME2. The delay is the number of cycles required for
the move and is currently equivalent to the number of register banks
along the path between the outputs of MEL and the inputs of ME2.
Either ME1 or ME2 may be (), 1n which cagse the result is 0.

(ME:ME:FIRST-ON-PATH ME1 ME2)
Returns the 1ist of of MEs that are first on the shortest path fros
ME1 to ME2; () 1f ME1 = ME2.

B e T

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

(declare (special
*8p.me:me:pathe
;l;.l':lo:dlll"

(defun shortest-path.initialize ()
(:= egp.me:me:paths ()
E;=)isp.1t:ln:dullyt 0)

(defun shortest-path.compate ()
(letes( (size (me-universe:size) )
(path (array:nev °*(,size ,size) ) )
(delay (array:nev ‘(,size ,size) ) ) )

(:= esp.me:me:pathe path)
(:= sgp.pe:me:delaye delay)

(loop (for-each-me me) (do
%1009 (for output-me in (me:outputs me) ) (do
(:= ([]a delay (me:number me) (me:number output-me) )

0
(push ([]s path (me:number me) (me:number output-me) )

output-me) ) ) ) )

(msg 0)
(loop (incr k from O to (- size 1) )
(bind me-k (me-universe:nugber:me k) )
@ (wvhen (== 'register-bank (me:type me-k) ) )
o
(mag * " k)

(loop (incr 1 from O to (- eize 1) )
(when (!==1 k) )
(bind i-k-delay ([]a delay 1 k) )
@ (when 1-k-delay)
o
(loop (incr | from O to (- size 1) )
(when (!== § k) )
(bind i-j-delay ([]a delay i §)
k-j-delay ([]a delay k j) )
(when k-j-delay)
(bind 1-k-j-delay (+ 1 (+ i-k-delay k-j-delay) ) )

do
(eC (1l (t 1-3-delay)
(< 1-k-j-delay i-j-delay) )
([]a delay 1 i) 1-k-j-delay)
([Ja path™1 §) ([Ja path 1 Xx) ) )
1-k-j-delay i-j-delay)
([Ja path 1 %)
(unionq 2x2 ([la path 1 k))))))))))

-
NN
T e
nmuwnHn

0))
(defun me:me:delay ( mel me2 )
(44¢ g! mel)
( (! me2)
4
([]a esp.me:me:delay* (me:nusber mei) (me:number me2) ) ) ) )
(defun me:me:first-on-path ( mel me2 )
(e (! gei)
( (! me2)
E) )
([Ja *sp.me:me:paths (me:number pel) (ne:nulbgr me2) ) ) ) )

(defun shortest—path.print ()
(let ( (size (me-universe:size) ) )

(loop (incr first-j from O to (- size 1) by 18)
b (bind last-j (ain (+ first-] 12) (- size 1) ) )

(msg O t)
(let ( (names
(loop (iner j from first-j to last-)) (save
(sp.name:split (;a;n;ne (me-universe:nuaber:me j) )
t

(msg 0 9)

1
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(loop (for (top-name botiom-name) in names) (do

( (;UE)'I' (jc top-name ~4) ) ) )

ng

(logp (for (top-name bottom-name) 1n nnea) (do
(meg *|® (Jc bottom-name -4) ) ) ) )

(msg 0)
(loop (incr 1 from 0 to (- size 1) )
(bind me-1 (me-universe:nuamber:me 1)
(left-name right-name) (sp.name:split (me:name me-1i) ()))

(1f (egstr "® right-name) (then
Zi (meg (c left-name) (t 11) ) )
elae

(meg (c left-name) "//* (c right-name) (t 11) ) ) )

(loop (incr § froam first~j to last-j)
(bind me-} (me-universe:number:me j)
val (me:me:delay me-i me-j) )

(if val (then
(11 finun val) (then
lzj val -4) * %))

(do

(do

(el so
(esg (£ val 4 2) **) ) ))
(else

(meg (Je * *-6))))))
(meg 63 ) ) ) )

0)»)

I

iess (SP.NAME:SPLIT NAME SPFLIT-<=8t)

H il

Jeee Auxiliary function used by LS.DELAY-TABLE:PRINT to produce pretty

;¢s+ truncated labels for the margins.
1088

{dornn sp.name:split ( name split-<=8? )
?<- (ablen h name) f
(,name **) )

( (<= (stlength name) @)
(11 s 11t-<=87
,(substring name 1 4)
. (substring name 6) )
‘(,name "") ) )

(¢
*(,(substring name 1 4)
.(auhssring name -4) ) ) ) )

3
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Copyright (C) 1088 John R. Ellis.

This file may be used for

Shhbhdbhk

tEsksine

;#¢+ educationsl and research purposes only, by the faculty, students, s+sssses
;#¢+ and staff of Yale University only. eseseeee
ettt en

: ELI MACHINE-MODEL

DA sipple-minded, unrealistic ELI with 4 memory clusters, 4 floating
; clusters, almoat all parameters hardwired.

(alias °~~ ’atoaconcat)

(defun em.make-memory-cluster ( 1 n )
(let ( (mt

(atomconcat °*m 1) )

(wi-1 (atomconcat °m (mod (- & 1) n) ) )
(si+1 (atomconcat °m (mod (+ 1 1) n) ) )
(f1 (atomconcat °f 1) )

(f1-1 (atomconcat *f (mod (- ¢ 1) n) ) ) )

.

(def-me (naame LA~ m 1) )
(type register-bank)
(size 82
(inputs G~ m1  '+)
(01 ’m)
(= m te)
(=~ m 'r)
™ mi-1 °r)
(== mi+t °'r)
== r1-1 °r)
(=1 'r)))

(read-ports E)

(write-ports 4)

(read-resources ( (,(*~ mi ‘'r-read) ) ) )
(write-resources ( (,(~~ mi °r-write) ) ) ) )

(def~-resource-class ,(~~ mi °'r-read) &)
(def-resource-class ,(** mi °‘r-write) 4)

(def-me (name 7" ml te) )

(type functional-unit)
(delay 0)
(inputs (.(*~ mi 'r)

("= m %e) ))

(resources ( (,(*~ mi °+) ) ) )

(operators (i1f-ieq if-ine if-igt if-ige if-ile if-1lt
if-1e0mod 1f-true if-false iabs iadd iand
idiv 1eq ilexp ieOmod ige igt ile 11t imax
imin imul ine ineg inot ior isudb bitrev) ) )

(def-resource~class ,(~~ =i °+) 1)

(def-me (name " 8i 'm) )
(type functional-unit)
(delay 2)
(inputs (.(~~nmt '7) ) )
(resources ( (,(" mt "m) ) ) )
(operators (vbase ivload fvload ipload fpload ivatore
fvstore ipstore fpstore) ) )

(def-resource-class ,(~~ =i °s) 1)

(det-me (naane (" =t *c) )
(type constant-generator)
(resources ( (,(*~ mi *¢) ) ) )
(constraint-function
(lambda ( constant )
(Il (consp constant)
(inusp constant) ) ) ) )

(def-resource~class (™™ mi *¢) 1)

(det-bus ,(~~ mi-1 °r) ("~ mi °r) 1)
(def-bus ,(*~ mi+1 °r) ,(*~ mi 'r) 1)
(def-bus ,(*~ £1-1 °*r) ,(~~ =i 'r) 1)
§d;r;bus :

(defun em.make-floating-cluster ( i n )
(let ( (m1
(ui+t (atomconcat *m (mod (+ 1 1) n) ) )

(atomconcat 'm 1) )

(f1 (atomconcat °f 1) ) )

(def-me (name e vy )
(type refiuter-bnnk}
(aize 82
(inputs (.(~= 11 '+)

N Gl & SR

N St & SR O |

(=21 'r)

w1 'r

L™ misl 'T) ) )
(read-ports 4)
(write-ports 8)

(read-resources ( (,("~ f1 'r-read) ) ) )
(wvrite-resources ( (,(~" f1i ‘'r-write) ) ) ) )

(def-resource-class ,(~™ f1 °‘r-read) 4)
(def-resource-class ,(™" fi °'r-write) 8)

(def-me (name L= 21 0e) )
(vype functional-unit)
(delay 1)
(inputs (.~ 11 ') ) )

(resources ( (,(~~ £1 °+) ) ) )
(operators (fabs fadd feq fge fgt fix fle float flt
faax fsin fne fneg fsud) ) )

(dof-ne (name 11 0=) )
(type functional-unit)
(delay [+]

)
(inputs (,.(~~ 11 ') ) )
(resources ( (,(™~ £1 *+) ) ) )
(operators (if-feq if-fne 1f-fgt if-fge if-fle 1f-f1t) ) )

(def-resource-class ,(~~ f1 *+) 1)

(def-me (name Lo 2L te) )

(type functional-unit)
(delay 2)
(inputs (.0~ 22 '7) ) )

r
(resources ( (,("~ £1 *¢) ) ) )

1
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(operators (!l!iltﬂi? fexp cos sin sqrt tan) ) )

(def-resource-class ,(~~ £1 °+¢) 1)

(def-bus ,(~m1 °'r) (™ £1 °'r) 1)
§d;t;bus (== mi+1 °r) (™ £1 °'r) 1)

(eval
‘(def-machine-model

..(loop (incr 1 from O to 8) (splice
(em.make-memory-cluster i 4) ) )

.+ (loop (incr 1 froa O to 8) (splice
(om.make-floating-cluster 1 4) ) )

3
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MACHINE MODEL SIMULATOR

Th:nllodnle implements the program simulator for the list-scheduler msachine
model.

A program is a 1list of instructions. An instruction is a list of
operations. An operation has the fora:

(me operator . operands)

ME is the name of some machine element, OPERATOR is the name of the
operator to be executed, and OPERANDS are the operand specifiers.

An operand has one of two forms:
(register-bank-me register name) to access a reglster;
(constant-generator-se name) to generate a constant;

NAME is the name of the value in the register or being generated. For

© rogisters, it 1s just a hint about vhat the symbolic contents of the

register should be (the simulator remembers and checks thoase hints).
For constant generators, NAME is the value that should be generated.

; A value name can be:

a2 sipple variable, e.g. X
a number, e.g. 8.0
a VBASE expression, e.g. (VBASE V)

an address expression of the form (ADDRESS x) where *"x" is any of the
above name foras.

A sasple operation:
(MO+ IADD (MOR 2 X) (MOR 4 (VBASE V) ) (MOC 1) )

; A continution operation (a ®pusher®) for a multi-cycle pipeline is

represented as:
(Fa+)
A pseudo-operation doesn’t a () ME:

(() LABEL L838)
(NIL DCL HFYI FLOAT 258 ((1 256)) NIL)

; (SIMULATE PROGRAM ACTUALS)

Runs the simulator on PROGRAM with actual parameters ACTUALS (specified
the saae as for the NADDR interpreter).

(SIM.PRINT-PROGRAM-VARIABLES VAR-SPECS LOCK-IN-REGISTERS?)
VAR-SPECS 1s a 1list of program variables; prints out each variable

in turn. Each spec in VAR-SPECS 1s either an atom (for a vector

or scalar) or a triple (VAR REAL IMAG) where VAR 18 the tiny lisp
naze of a complex variable and REAL and IMAG are the NADDR variables
used to implement the real and imaginary parts. If
LOOK-IN-REGISTERS? 1s is true, then the contents of any registers
containing the variables are printed out as well; otherwlse only
meBory 1s examined.

¢SIM.OPERATION-COUNT#
¢SIM. INSTRUCTION-COUNT*

Total number of operations and imstructions executed, excluding
pseudo-ops and instructions consisting only of pseudo-ops.

(SVAR °VAR1 'VARZ2 ...)
Interactive syntax for printing out variables, equivalent to:

(SIM.PRINT-PROGRAM-VARIABLES *(VARL VAR2 ...) T)
vhich will look both in memory and in registers for the variables.

#8R ME-NAME REGISTER
Interactive syntax for getting the contents of a register.

W W4 B WA WA WA RS WS WA B S W WA s B B s WA RS WA WA WS WL W WA

(eval-when (compile load)

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

(build *(utilities:options) ) )

(def-option *sim.trace-instructions?s () list-scheduler: *

If non-(). then instructions will be printed out as they are executed.
If T, tracing begins with the first cycle. If some number, then tracing
b;ginn with that cycle.

(def-option ssim.step-instructions?s () list-scheduler: *®
This is just like *SIM.TRACE-INSTRUCTIONSYT#, except that a break-point
%; invoked after each instruction traced.

(def-option ¢sim.trace-valuests () list-scheduler: *

If non-(), then values being stored in registers and memory are printed
out after the cycle in which the store actually occurs (i.e. at the

egd of pipe execution.

L]

(def-option ¢sim.break-labels () list-scheduler: ®
If non-(), then the simulator will stop with a breakpoint if a label of
2; this name is reached.

(declare (special

ssim.pcs :#%¢ These globals are mainly for debugging —-
egin.runningte ;#¢¢ vhen a breakpoint occurs, you can look at
¢ginm.instre ;¢#s the current cycle, inmstruction, and
sgim.opers ;®*¢ operation.

ssin.cycles

1
P
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*8in.508Tt-pC* ;¢s¢ The pc to start execution at (vhere the

;¢s¢ DEF-BLOCK is).

ssin.significant-instructionts

;es¢ True if the current instruction
;##s contained a non-pseudo-op.

;e*+ § operations initiated this cycle.
;o#+ § COPYs executed this cycls.

+gim.operation-counts
«gim.copy-counte

;s;l.der-bloct‘

(defun simulate ( program actuals )
(registers.initialize)

(sim.initialize-pemory)
(sim.initialize-variables)
(eim.initialize-labels)
(eim.initialize-pipelines)

(:= ssim.def-blocks () )
(sim.progras:declare programs)

(1f +aim.def-blocks (then
(oin.formals:actuals:bind (oper:part ¢sim.def-block¢ ’in-variables)
actuals) ) )
(pim.program:execute ¢sim.StArt-pce)
(eis.print-prograa-variables E?p;r:pnrt egin.def-block* ‘out-variables)

0)

(def-inline sim.trace? (function ( trace-var )
(2& trace-var
(11 (! (inump trace-var) )
(<= trace-var *sim.cycles) ) ) ) )

sees of mezory - 1. We do this because it's perfectly ok for coepacted
H AL prograss to gonerate bogus indices when they're dolng nested

seee vector references (A (L I) J) (as in SOLVE). It would be better
BRI to detect vector-out-of-bounds and return O, but we don't yet

Rl have the hooks in generated code to do that easily (no vector

ieee names).

11

(declare (special
¢sin.nemory*
;sil.next-!rea~nddraast

(defun sim.initialize-memory ()
(:= esim.memorys (makevector 1000) )
(vector:initialize tain.lelorgt 0)
(:= esim.next-free-address+ 0

(defnacro sim.memory:[] ( addr )
*([] #sim.memorys ,addr) )

(defun sim.memory:allocate ( length )
(let ( (base sgin.next-froe-addresss)
(max-length (vectorlength ¢sim.memorys) ) )

(:= ssim.next-free-address+ (+ ER& length) )
(1f (> esim.next-free-address+ max-length) (then
(:= saim.memory¢ (vector:copy &&& (+ 2 max-length) ) )
Eloop (incr 1 from max-length to (- (vectorlength *gim.memorys) 1))
do
(:= ([] *sim.memorys 1) 0) ) ) ) )
base) )

(defun sim.address:coerce ( addr )
(if (&% (inump addr)

21 (>= addr 0)

jeee (< addr esim.next-frees-addresse¢) )

;ess MENORY (then

1T addr)

;#** The simulator memory is represented as a vector, of course, from (olme

;e¢s vhich space for variables, vectors, and constants is allocated. 0

;#¢s Monory 1s initialized to all zeroes, so that we can index past the

;e#+ end of an array.

M1 T

;ee+ (SIM.INITIALIZE-MEMORY) 1]

H Al Initializes the memory to a default size. ;#¢s VARIABLES

Ml Rl

;#%s (SIM.MEMORY:([] ADDR) ;es+ Inforpation about variable names and constants 1s kept in a hash
H A Returns the contents of the ADDRth word. ;#¢s table mapping the name or constant onto a record of type SIM.VD which
eee ;¢ss describes the variable or constant. The only variables actually
;¢¢s (SIM.MEMORY:ALLOCATE LENGTH) ;#*+ gtored in memory are input and output variables and vectors.
;e Allocates a chunk of LENGTH words from meaory, returning the ;¢++ Constants are stored in memory only if they are contained in an
H 1l address of the first word. Memory is grown if its current size :ees (ADDRESS constant) expression.

H A d is too small. a0

iees ;¢¢¢ (SIM.INITIALIZE-VARIABLES)

;ee¢ (SIM.ADDRESS:COERCE ADDR) H L Forgets all previous variable inforsation.

se0e Coerces a memory address to be an integer between O and the size Rl

3 4
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;#¢+ (SIM.VARIAELE:DECLARE NAME LENGTH DIMENSIONS INITIAL-VALUES )
11 Declares NAME (a constant or variable), where LENGTH, DIMENSIONS,

e and INITIAL-VALUES are as specified on a DCL pseudo-op. Space
e is allocated in mesory for the variable or constant and

H L initialized to the initial values.

Rl

;¢¢* (SIM.VARIABLE:INITIALIZE VARIABLE INITIAL-LIST )
H Al VARIABLE should already have been declared. Initializes its
Hi memory with the values taken from INITIAL-LIST; 4if the list is

Hid () the variable is initialized to all zeroes.
T

;o¢¢ (SIM.VARIABLE:VD VARIABLE)

;o¢¢ (SIM.VARIABLE:BASE VARIABLE)

;#¢s (SIM.VARIABLE:LENGTH VARIABLE)
;#¢s (SIM.VARIABLE:DIMENSIONS VARIABLE)

;e¢% (SIM.VARIABLE:RANK VARIABLE)

ML These functions return the declared information about a variable.
Hl e An error is raised if the variable isn’t declared.

B2l

(declare (special
;s%l.variable:VGt ;#++ Haoh table mapping nazes to SIM.VD records.

_ldef-struct sim.vd ;¢¢s A descriptor for a variable.

name %% Its name.

base ;¢#s The address of its first word.
length ;#ss Ita length.

dimensions ;¢s¢ Its dimensions 1ist, () if a scalar.
§ant ;¢¢¢ The number of dimensions.

(defun sim.initialize~variadles ()
(;=)asin.vnr1:h1e:vﬂ* (hagh-table:create ‘eql () () ) )

(defun sim.variable:vd ( variable )
(11 ([Ih *sim.variable:vd+ variable)
(error (1ist variable "SIMULATOR: Variable isa’t declared.®) ) ) )

(defun sim.variable:base ( variable )
(sim.vd:bagse (sim.variable:vd variable) ) )

(defun sim.variable:length ( variable )
(sim.vd:length (sim.variable:vd variable) ) )

(dofnn sin.variable:dimensions ( variable )
(sim.vd:dimensions (sim.variable:vd variable) ) )

(defun sim.variable:rank ( variable )
(sim.vd:rank (sim.variable:vd variable) ) )

(defun sim.variable:declare ( name length dimensions initial-values )
(1f-let ( (nd ([Jh ¢sim.variable:vde name) ) ) (then
(assert (&8 (== length (sim.vd:length nd) )
(== dimensions (sim.vd:disensions nd) ) )
E: n:?a) = # (h length) ® * (h dimensions) " * ¢
nd) t

*SIMULATOR: Name previously declared with other attributes.®) )

lse
(let ( (nd (sim.vd:new
name name
length length
dimensions dimensions
rank (length dimensions)
base (sim.memory:allocate length) ) ) )
(:= ([Jh ssim.variable:vds name) nd)
0) (sim.variable:initialize name initial-values) ) ) )

(defun sim.variable:initialize ( variable initial-list )
(?( (! initial-list)
(:= initial-list *(0) ) )
( (! (consp initial-list) )
(:= initial-1ist (118t initial-1list) ) ) )

(loop (incr 1 from (sim.variable:base variable)
to (+ -1 (+ (sim.variadble:base variable)
(sin.variable:length variable) ) ) )
(initial value 0
@ rest-initial-list initial-list)
o
(1f (! rest-initial-l1ist)
(:= rest-initial-1ist initial-list) )
(:= value (pop rest-initial-1list) )
(:= (sim.menmory:[] 1) value) ) )

0)

Rl
;¢ss LABE1S

1T

;#*+ Progras labels are represented as Lisp symbols. A hash tadle maps the
;¢s+ gyabols onto the corresponding program locations. A prograam locatlon
;#%¢ 18 just some tall of the list of instructione representing the progras.
ML

;#%s (SIM.LABELS:INITIALIZE)

1L Forgets all inforaation about labels.

1888

;#¢¢ (SIM.LABEL:DECLARE LABEL PC)

sees Declares LABEL to be at prograa location PC.
iene

;s*s (SIM.LABEL:PC LABEL)

Hid, Returns the progras location of a label.

T

(declare (special
;s;n.lsbol:pct

(defun sim.initialize-labels ()
%;=}tnil.lub01:pct (bash-table:create () () () ) )

(defun sim.label:declare ( label pc )

5
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(det

(assert (! ([]h ssim.label:pcs label) )
(h label) t "SIMULATOR: Label already declared.®)
E;=){[]h *sim.label:pce label) pc)

un sim.label:pc ( label )
(1l ([Ih ssim.label:pce label)
(error (118t label "SIMULATOR: Label not declared.®) ) ) )

H 1
Rl
Ml L
ML
Hll
Ml
%88
Hdl)
MLl
HL L2
1888
TR
e
ML
MLl
HLLL
ML
Hll]
Al

OPERANDS
See above for hov operands are represented in the progras.

(SIM,.OPERAND :DECLARE OPERAND)
Declares any constant mentioned in the OPERAND, allocating and
initializing a memory location to contain it. Only constants
vithin (ADDRESS ...) expressions in the operand need be so
allocated.

(SIM.OPERAND :VALUE OPERAND)
Returns the value of an operand, which is the contents of the
specified register or the constant generated. For register
operands, the name mentioned in the operand is checked agalnst
the symbolic name contained in the register; if they‘re not the
same, an error 1s raised.

W e

(def

(def

un sim.operand:declare ( operand )
(let ( ( (cg name) operand) )
(1f (a8 (== 2 (length operand) )
(== 'constant-generator (me:type (name:me cg) ) )
(consp name)
(== 'address (car name) ) )
(then
(let ( ( (address item) name) )
(*( (litatom item)
(sim.variable:declare item 1 () () ) )
( (numberp item)
(sim.variable:declare item 1 () item) )
( (&% (consp 1item)
(== 'vbase (car itea) ) )
(let ( (vd (sim.variable:vd (cadr item) ) ) )
(assert (< 0 (sim.vd:rank vd)
(h itom) t *"SIMULATOR: Invalid VBASE name.")
(oim.variable:declare item 1 () (sim.vd:base vd))))

t
03) (error (list name "SIMULATOR: Invalid operand.®)))))))

un sim.operand:value ( operand )
(let*( ( (me-name . arsar operand)
( me (name:me me-name) ) )

(caseq (me:type me)
(constant-generator
(let ( ( (constant) args) )
(1f (consp constant) (then

(caseq (car constant)
( (vbase address)
¢ (sim.variable:base (cadr constant) ) )
t
(error (1ist operand "Case error.®) ) ) ) )
(else
constant) ) ) )
(register-bank
(let ( ( (register name) args) )
(1f (!= name ([] (me:value-names me) register) ) (then
(esg (h operand) t
"SIMULATOR: Name of value in register is different *
=from name of operand.”)
(break-point simulator) ) )
([] (me:values me) register) ) )

¢
(error (1ist operand "SIMULATOR: Invalid operand.®))))))
teee
;#s¢ PIPELINES
(hse

;%¢¢ The results from functional unit pipelines are not written into their
;*#¢ destinations until after the cycle from which they ermerge from the
:%ss pipe. To implement this behavior, we keep two priority queues, one
;##s for registers and one for mesory. Entries in each queue are

;#¢+ destination/value pairs, keyed by the cycle in which the value is
;%% 0 bo stored into the destination. When an operation is executed,
;%¢s 1t°'s result 1s entered into the appropriate priority queue with the
:##s cycle it should be stored. At the end of each imstruction cycle,
;%¢s the simulator stores away all the results queued for that cycle.
1l

;#¢¢ (SIM.INITIALIZE-PIPELINES)

H i Initializes the queunes representing the pipelines.

M1l

;#¢¢ (SIM.DELAY:REGISTER-OPERAND:VALUE:STORE DELAY OPERAND VALUE)

ieee Remeabers the fact that VALUE should be stored into the register
H 11 destination described by OPERAND (see above) at the end of the
Hddd cycle which is DELAY cycles after the current cycle.

M1l

;¢¢¢ (SIM.DELAY:ADDRESS:VALUE:STORE DELAY ADDRESS VALUE)

H 1 Remesbers the fact that VALUE should be stored in memory location
H 4 ADDRESS at the ond of the cycle which is DELAY cycles after

;o0 the current cycle.

seee

;##¢ (SIN.STORE-SAVED-RESULTS)

jeee Removes all entries from the two priority queues for the current
;eee cycle and stores their values in the given destinations.

ieee

(declare (special
sgin.saved-register-cyclese
¢*pin.osaved-register-valuess
¢*oim.saved-register-operandss
¢pin.next-saved-register-slote

¢sin.saved-pomory-cycless
ssin.oaved-nenory-valuess
*gin.saved-penory-addresses*
;l%&.ne:ﬁ-lsved-lunory-olosn

7
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(defun sim.initialize-pipelines ()

(:= ¢sim.saved-rogister-cycless  (makevector 100) )
(:= ssim.saved-register-valuess (makevector 100) )
(:= sgim.saved-register-operands* (makevector 100) )
(:= #sim.next-saved-register-slots 0)

(:= ssim.saved-momory-cycless (makevector 100) )
(:= ssim.saved-memory-valuess (makevector 100) )
(:= saim.saved-memory-addressess (makevector 100) )
E;c)tsin.ne:t-saved-lnnory-alott 0)

(defun sim.delay:register—operand:value:store ( delay operand value )
(let ( (cycle (+ ssim.cycles delay) ) )
(:= ([] esim.saved-register-cycless +sim.next-saved-register-slots)

cycle)

(:= (0] tsi;.cavod-resiuuer-opertndst soin.next-saved-register-slots)
operand

(:= (] tgil.onved—regintor-vsluolt +oin.next-saved-register-slots)
value

E;=)t;il.nexr-ssved-registar—slobt (+ 22z 1) )

!(defun sim.delay:address:value:store ( delay address value )
(let ( (cycle (+ saim.cycles delay) ) )
(:= {{] +pin.saved-menory-cycless ¢sin.next-saved-memory-slots)

cycle)

(:= ({] 031;.lavod-leloryhlddrnususo ¢sin.next-paved-memory-slote)
address

(:= (0] -;1-.n;vad-leaory-vnluaaa *8in.next-saved-pomory-slots)
value

E;=)tgll.nexﬁ-ssved—nelory-llott (+ a2z 1) )

(defun sim.store-saved-results ()
(loop (initial next-slot 0)
(iner 4 from O to (- ¢sim.next-saved-register-slote 1) )
(bind cycle ([] ¢sim.saved-register-cycles* 1)
operand ([] *sim.eaved-register-operandss 1)
( value ([] ssim.saved-register-valuess 1) )
do
(1f (== cycle #sim.cycles) (then
(lete( ( (me-name register name) operand)
( me (name:me me-name) ) )
(:= ([] (mo:values me) register) value)
(: [] (me:value-names me) register) name)
(12 (sim.trace? ¢sim.trace-valuests) (then
(msg O (j operand -20) ® = " value t) ) ) ) )

= (
= (

(else
(:= ([] ssim.saved-register-cycless next-slot) cycle)
(:= ([] *sim.saved-register-operandss next-slot) operand)
(:= ([] #sim.saved-register-values* next-slot) value)
(:= next-slot (+ 228 1) ) ) ))
(result
(:= ssim.next-saved-register-slot¢ next-slot) ) )

(loop (initial next-slot 0)
(incr 1 from 0 to (- ¢sim.next-saved-memory-slots 1) )
(bind cycle ([] +¢sim.saved-memory-cycles* 1)
address ([] esim.saved—memory-addressess 1)
i value ([] *¢sim.saved-memory-valuess 1) )
(]
(1f (== cycle #sim.cycles) (then
(:= (ail.nelory:{] address) value)

(1f (sim.trace? *sim.trace-values?s) (then
(meg O (J address -20) ®" = " value t) ) ) )

(else
(:= ([] esim.saved-memory-cycless next-slot) cycle)
(:= ([] *8im.saved-memory-addresses+ next-slot) address)
(:= ([] *8in.saved-pemory-values*  next-slot) value)
(:= next~slot (+ &28 1) ) ) ) )
(result
(:= ssim.next-saved-memory-slot+ next-slot) ) )
0)
;#s¢ (SIM.PROGRAM:DECLARE PROGRAM)
Bl

;#*+ and initializing memory for constants, input and output variables, and
;##+ vectors. Labels are found and declared, and the DEF-BLOCK is put
;¢¢+ in «SIM.DEF-BLOCKe.

1l

Je

;##+ Scans all the operations in PROGRAM, declaring all the operands, allocating

(defun sim.program:declare ( grosral )
(:= #sim.largest-trace+ 1
(:= ssim.start-pcs prograa)

(loop (initial esim.pce program)
(vhile seim.pce)
¢ (bind instr (car *sim.pce) )
do
(sim.instr:declare-pass-1 instr) )
(next ¢sim.pce (cdr ssim.pce) ) )

(loop (initial esim.pce program)
(vhile ¢sim.pce)
@ (bind inetr (car ssim.pce) )
o
(sim.instr:declare-pass-2 instr) )
(next ¢sim.pce (cdr ¢sim.pcs) ) )

0)
(defun sim.instr:declare-pass-1 ( instr )

(loo? (for oper in instr) (do
, sim.oper:declare-pass—1i oper) ) )

(defun sim.oper:declare-pass-1 ( oper )

)

10
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8 D

(lets( ( (me-name . naddr-oper) oper)
(operator . operands) naddr-oper) )
(?( (! me-name)
(caseq operator
(def-block
(:= ssim.def-blockes *(,operator ,,operands) )
(:= ¢sim.start-pce ¢sim.pce) )
(label
» 1(au.label:dechro (car operands) esim.pcs) )
c
(sim.variable:declare
(oper:part naddr-oper °variable)
(oper:part naddr-oper °‘length)
(oper:part naddr-oper ‘dimensions)
(oper:part naddr-oper °‘initial-list) ) )
(trace
(let ( ( (number . () ) operands) )
o 573 (:= esin.largest-traces (max &&& number)))))))

(defun sim.instr:declare-pass-2 ( instr )
(loop (for oper in imstr) (do
(sim.oper:declare-pass-2 oper) ) )

(defun sim.oper:declare-pass-2 ( oper )
(lets( ( (me-name . naddr-oper) oper)
(operator . operands) npaddr-oper) )
(r( E; ;0-&!.0)

( (! naddr-oper)
0)

( (== *copy operator)
(sim.operand:declare (cadr operands) ) )

t
(caseq (operator:group operator)
(one-in-one-out two-in-one-out vload)
(loo? (for operand in (cdr operands) ) (do
sim.operand:declare operand) ) )
(vetore
(100? (for operand in operands) (do
sim.operand:declare operand) ) ) )
(1f-compare
(sim.operand:declare (car operands) )
(sim.operand:declare (cadr operands) ) )
(1£-boolean
(sim.operand:declare (car operands) ) ) ) ) )

0))
BRI
T
;##3 (SIM.PROGRAM:EXECUTE START-PC)
(eee

;#s% This is the main execute loop, executing instructions uatil we run
;s off the end of the program or we hit a STOP.
H 11

(defun sim.progras:execute ( start-pc )
(sim.initialize-execution-records)

(loop (imcr #sim.cycles froa 0)
(initial #+sim.running®s ¢
pc start-pc)
(while ssim.running?s)
(while pc)
(do
(:= esin.pce () )
(sim.instr:execute (car pc) )
& )(:= pc (Il esim.pcs (cdr pe) ) ) ) )

Sees
;¢¢¢ (SIM.INSTR:EXECUTE ¢SIM.INSTRs¢)
seee
;+s¢ Executes a single instruction.
Jeee

.
;e

(defun sim.instr:execute ( *sim.instre )
(:= esim.significant-instruction?s () )
(:= ssim.operation-count+ 0)
(:= esim.copy-counts 0)

(12 (1| (sim.trace? #sim.trace-instructionsafs)
g (sim.trace? ssim.step-instructions?s) )
then
(mog 0 () *5im.cycles 4) ": " (h #sim.instrs) t)
(1f (sim.trace? ¢sim.step-instructions?s) (then
(break-point single-atep) ) ) ) )

(loop (for oper in #sim.instre) (do
Enil.oper:oxocnto oper) ) )
(sim.store-saved-results)

E;i;.rocord-1nluruccion-o:ocntion)

Jeen
;#¢¢ (SIM.OPER:EXECUTE #SIM.OPER#)

L

;¢¢s Executes a single operation by dispatching according to type:

;#s% operation.
1689

;#¢s pseudo-operation, register-bank operation (a copy), or functional-unit

(defun sim.oper:execute ( ¢sim.opers )
(lots( ( (we-nape . () ) #sim.opers) )

(1f (! me-name) (then

Ce1 (sim.poeudo-op:execute *sim.opers) )

else

(1ot ( (me (name:me me-name) ) )
(caseq (me:type me)
(register-bank

11

12
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D B )

(sim.register-bank-me:oper:execute me ¢gim.opers) ) H il
(functional-ynit ;#¢s Executes & functional unit operation for functional unit ME, Ve
(sin.functional-unit-me:oper:execute me ¢sim.opers) ) ;*¢* cheat here by invoking the private interfaces to the NADDR interpreter
(¢7 ;¢¢¢ to do most of our work. This is the right approach, but unfortunately
(error (1ist ¢sim.opers ;##s those interfaces are currently private and undocumented. Gross.
573 *SIMULATOR: Invalid ME in machine operation.®))))) sees
0))
(defun sim.functional-unit~me:oper:exscute ( me (() operator . operandas) )
(:= ssim.significant-instruction?s t)
[
jeee (1t (! operator) (then
;#+¢ (SIM.PSEUDO-OP;EXECUTE OPER) 0)
Jeee (else
;¢##¢+ Executes a pseudo-operation. (:= esim.operation-count+ (+ 828 1) )
il
e (lete( (naddr.operator (operator:naddr.operator operator) )
(delay (me:delay me) )
(defun ein.gaondo-op:oxecute ( oper ) (function (naddr.operator:execute-function
(let ( ( (() operator . operands) oper) ) naddr.operator) ) )
(caseq operator
(label (caseq (naddr.operator:group naddr.operator)
(1f (== (car operands) *sia.break-labels) (then (one-in-one-out
( (break-point simulator-label-break) ) ) ) (siladglay:regtstar-oyor:nd:v:lno:atora
trace elay
(let ( ( (number type . () ) operands) ) (car operands)
:= sgim.current-traces nuaber) (funcall function
(:= ssim.current-trace-types type) ) ) (sim.operand:value (cadr operands)))))
to
(1 (1 esim.pce) (then (two-1n-one-out
¢ (:= ssim.pce (sim.label:pc (car operands) ) ) ) ) ) (sim.delay:register-operand:value:atore
8to delay
E:= spin.running?s () ) ) (car operands)
sc (funcall function
(eval ‘(progn ,,operands) ) ) ) (sim.operand:value (cadr operands) )
0)) (sim.operand:value (caddr operands) ) ) ) )
(vload
L (caseq operator
(e8e ( (ivload fvload)
;#+¢ (SIM.REGISTER-BANK-ME:OPFER:EXECUTE ME OPER) (et ( ( (dest vector index) operands) )
Rl (sil.dclly:reglsﬂar-opcrtnﬂ:vtlnc:ltore
;#¢¢ Executes a register bank operation for register bank ME. The only delay
;#++ defined operation for register banks is COPY. dest
e (sin.memory:[]
e (sim.address:coerce
(+ (sim.operand:value vector)
(defun sim.register-bank-me:oper:execute ( me (() copy dest source) ) (sim.operand:value index)))))))
(agsert (== 'copy copy)
(h ssim.oper# "SINULATOR: Unknown register-bank operator.®) ) ( (ipload fpload)
(oin.delay:register-operand:value:atore (let ( ( (dest index) operands) )
0 (sim.delay:register-operand:value:store
dest delay
(sim.operand:value source) ) dest
(sim.memory: (]
(:= e¢oim.copy~counts (+ &2k 1) ) (sim.address:coerce
E;=)tsil.s1;n1£1cant-1nstruction?0 t) ( (sim.operand:value index))))))
t
(error (1ist ssim.opers "Case error.") ) ) ) )
T (vatore
;888 (caseq operator
;ese (SIM.FUNCTIONAL-UNIT-ME:OPER:EXECUTE ME OPER) ( (ivstore fvstore)
13 14
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0)

(1ot ( ( (vector index source) operands) )
(sim.delay:address:value:store
0  ;es+ correct.
(+ (sim.operand:value vector)
(sin.operand:value index) )
(sim.operand:value source) ) ) )

( (ipstore fpatore)
Elot { ( (index source) operands) )
(sim.delay:address:value:store
0 ;#** correct.
(sim.operand:value index)
(sim.operand:value source) ) ) )

(t

(error (1ist #sim.opers "Case error.”) ) ) ) )

(1f£-compare
(12 (! esim.pce) (then
(lets( ( (operandil operand2 labell label2) operands)
(1abel (funcall function
(sim.operand:value operandi)
(sin.operand:value operand2)
labell

label2) ) )
(1f label (then
(:= saim.pce (sim.label:pc label))))))))

(1£-boolean
(12 (! #sim.pce) (then
(lots( ( (operandl labeli label2) operands)
(label (funcall function
(sim.operand:value operandi)
labell

1abel2) ) )
(1f label (then
(:= *sin.pce (oim.label:pc 1label))))))))

(error (11st epim.oper+ "Case error.”) ) ) ) ) ) )

108
Jens

;¢¢¢ (SIM.FORMALS:ACTUALS:BIND FORMALS ACTUALS)

iene

;##+ Binds the actual parameters to the foraal parameters of a prograa.
;#%s FORMALS is the list of formsl parameters as given in DEF-| 2
;¢¢¢ ACTUALS is the 1ist of actual parameters as given to INTERFRET.

;e

.

(defun sim.formals:actuals:bind ( formals actuals )
(asgert (1istp formals) )
(asgert (listp actuals) )

(loop (for foraal in formals)

(do

(for actual in actuals)

;#¢¢ A non-complex scalar or array?
il

( (1itatom formal)
(eim.variable:initialize foraal actual) )

;¢*+ A complex scalar?
1ene
( (&8 (consp formal)
(== 3 (length formal) )
(for-every (var in formal) (litatom var) )
(consp actual)
(== 2 (length actual) )
(numberp (car actual) )
(numberp (cadr actual) ) )
(sim.variable:initialize (cadr formal) (car actual) )
(sim.variable:initialize (caddr formal) (cadr actual) ) )

;¢%¢ A complex array?
JeeE
( (a& (consp formal)
(== 8 (length formal) )
(for-every (var in formal) (litatom var) )
(consp actual)
(for-every (pair in actual)
(&& (consp pair)
(nunberp (car pair) )
(numberp (cadr pair) ) ) ) )
(sim.variable:initialize (cadr formal)
(loop.§§o§ }rosl imag) 1in actual) (save
re

(sim.variable:initialize (caddr formal)
(loop (for (real imag) in actual) (save
imag) ) ) )

(t
(error (list formal actual
*SIMULATOR: Invalid foraal/actual pair.®) ) ) ) ) )

O)
o0
;ess EXECUTION RECORDS
jeee
;%98 A SIM.ER records the execution statistics of a trace (or the entire
;¢¢s program).
1
1 Rl
(def-struct sim.er jeee
(nusber 0) ;eees Number of the trace
H L
(entries 0) ;s¢s & times the trace was entered.
H 1]
(instructions 0) ;s++ & instructions executed.
H1T
(operations 0) ;ees # operations initiating a functional unit.
11
(copies 0) ;es¢ 8 COPY operations.
H

§p$-0porstxonl 0) ;ees

(ps-instructions 0) ;¢s¢ The fields keep the same counts for split- and
(ps-operations 0) ;s¢+ and join- partial schedules; these counts are
(pj-instructions 0) ;ees included in the totals above.

11

16
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TS

1
;#%s (SIM.INITIALIZE-EXECUTION-RECORDS)

I Initializes the statietics recording.

11

;es¢ (SIM.RECORD-INSTRUCTION-EXECUTION)

jeee This 18 called after executing an imstruction. It just busps the

R execution totals for the current trace, using the global variables
1hEe #SIM.OPERATION-COUNT# and #SIM.COPY-COUNTe.

1l

;#++ (SIMULATOR.PRINT-EXECUTION-STATISTICS)

11 Duaps out all the execution statistics, including a per-trace profile,

(declare (special

*sin.all-erse ;#%¢ All execution records.
*sin.trace:ers ;##+ Vector mapping trace numbers to
;#%¢ execution records.

sgin.largest-traces ;9%¢ Largest trace nusber in the progras.
spin.current-traces ;#s¢ Current trace nuaber.
soim.last~traces ;#¢¢ Previous trace number.
#8im.current-trace-types ;ees SPLIT, JOIN, or ().
))

(defun sim.initialize-execution-records ()
(:= esim.current-traces
(:= esim.last-traces )
(:= esim.current-trace-types () )
(:= essim.trace:er* (makevector (+ i ssim.largest-traces) ) )
(:= #aim.all-ers+ () )
(100{ (incr 1 from i to ¢sim.largest-traces) (do

:= ([] #sim.trace:ers 1) (sim.er:new number 1) )
(push ssim.all-erse ([] ¢sim.trace:ers i) ) ) )

(defun sia.record-instruction-execution ()
(1f #sim.significant-instruction?* (then
(let ( (er ([] +sim.trace:ers sgim.current-traces) ) )
(:= (sim.er:instructions er) (+ &28 1) )
(:= (eim.er:operations er) (+ &&E +sim.operation-counts) )
(:= (sim.or:copies er) (+ &&& *sim.copy-counts) )

(1f (1== esim.current-traces ¢sim.last-traces) (then
(:= (aim.or:entries er) (+ 828 1) ) ) )
(:= esim.last-traces ssim.current-traces)

(caseq #sim.current-trace-types
(split
(:= (sim.er:ps-instructions er)
(v 222 1’ )
(:= (eim.er:ps-operations er)
( (+ &&& ¢sim.operation-counts) ) )
oin
1 (:= (eim.er:pj-instructions er)
(+ kax nf )

(:= (sim.er:pj-operations er)
Co) (+ &% epim.operation-counts) ) )

t
(error (list +sim.current-trace-type* "Case error.*)))))))

0)

(defun simulator.print-execution-statistics ()

(let ( (sorted-ers (sort ¢sim.all-erss
(£:1 ( ert er2 )
(> (sim.er:instructions eri)
(sim.er:instructions er2) ) ) ) )
(t-er (sim.er:nev nuaber *Tot®) ) )

(loop (for er in *sin.all-ers+) (do
(:= (sim.er:instructions t-er) (+

bbbk ))
(:= (sim.er:operations t-er) (+ 228 (sim.er:operations er)))
(:= (sim.er:copies t-er) (+ &2k (sim.er:copies er)))
(:= (sim.er:entries t-er) (+ &2& (sim.er:entries er)))
(:= (sim.er:ps-instructions t-er) (+ &2& (sim.er:ps-instructions er)))
(:= (sim.er:ps-operationa t-er) (+ &2& (sim.er:ps-operations er)))
(:= (sim.er:pj-instructions t-er) (+ &2& (sim.er:pj-instructions er)))
;:; (sim.er:pj-operations t-er) (+ &% (sim.er:pj-operations er)))

(msg 0 t "EXECUTION PROFILE" t)
(sim.er:print-heading)

(meg (jc "-" 70 #/-) t)
(sim.er:print t-er t-er)

(meg (jc *-* 70 #/-) t)

(loop (for er in sorted-ers)
(incr 1 from 1)
@ (vhen (> (sim.er:instructions er) 0) )
o
(sim.er:print er t-er (if (== 0 (mod 1 8) ) #/. /) ) ) )
(meg (jc "-= 79 #/-) t)

0))
(defun nil.er:grint-holdin; 6]
r* 8)

(- Ejg *Instrs® 7)

(jc %" 4)
(jc "Opers"® n
(e %" 4)
(Jc "Coples® 7)
(jc =§" 4)
(jc “PS-I" 8)
(Jc =§1° 8)
(jc *PJ-1* 8)
(Jc =%1° 8)
(jc "Entries® 8)
(Je *1//E" 7)
(Je ®0//1" 5)
(;c “c//1° 5)
t
0)

(defun sim.er:print ( er t-er pc )

(zsg (jc (sim.er:nusber er)

(sim.er:instructions

er)

8 pc)

17
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D) ) B,

(jc (sim.er:instructions er) 7 pc) (defun sim.var:find-registers ( var )

(jc (8r (sim.er:instructions er) (sim.er:instructions t-er) ) 4 pc) (loop (for me in #ls.register-bank-mess)

(jc (oim.er:operations er) 7 pc) (initial found-one? () )

(Jjc (Sr (sim.er:operations er) (sim.er:operations t-er) ) 4 pe) (do

(Jc (sim.er:copies er) 7 pe) (loop (incr i fros 0 to (- (me:size me) 1) )

(Jc (%r (sim.er:copies er) (sim.er:copies t-er) ) 4 pec) (wvhen (= var ([] (me:value-names me) 1) ) )

(jc (sim.er:ps-instructions er) 8 pc) (do

(jc (%r (sim.er:ps-instructions er) (sim.er:instructions t-er) ) 3 pc) (if (! found-one?) (then

(jc (sim.er:pj-instructions er) 8 pc) (msg O "Variable * var * *)

(jc (%r (sim.er:pj-instructions er) (sim.er:instructions t-er) ) 8 pc) (msg (t 20) ® = * ([] (me:values mpe) 1) » =

(jc (sim.er:entries er) 8 pc) (t 85) *(,(pe:name me) .1) t)

(f (//t (sim.er:inmstructions er) (sim.er:entries er) ) 7 1 pc) (:= found-one? t) ) ) )

(f (//t (sim.er:operations er) (sim.er:instructions er) ) 51 pe) (resuls

(¢ (//t (sim.er:copies er) {(sim.er:instructions er) ) 51 pec) (1f (! found-one?) (then

t) (=sg O "Variable " var ® not found.") ) ) ) )
0) O)
(det%n!!(( x y)) (defun sim.var:real:imag:print ( var real imag )

it (=y0

0 y (let ( (real-base (sim.variable:base real) )
(// (» x 100.0) ¥) ) ) (imag-base (if imag (sim.variable:base imag) () ) ) )

(defun §r ( x ¥y ) (12 (! (sim.variable:dimensions real) ) (then

(round (§ xy) ) ) (ssg O "Variable " var ® = *

(sim.real:ipmag:offset:value real-base imag-base 0) t) )
(dofun //f (xy)

(12 (= y 0) (else
0 ;#%% an array, print out each olement of the array, labeled
(// (flonum x) ¥) ) ) ;¢#%¢ with its index.
iee
* (let ( (dimensions () ) )
R11
;#s+ VARIABLE PRINTING (see above). ;¢s¢ First make a list of triples of the form (LOWER UPPER
T ;#9s BIZE) corresponding to the dimensions of the array.
1 11
(loop (for (lowver upper)
(defun sim.print-progras-variables ( var-specs look-in-registers?t ) in (reverse (sim.variable:dimensions real) ) )
(loop (for var-spec in var-specs) (do (initial size 1)
?ail.var-spoc:prlnt var-spec look-in-registers?t) ) ) (do
) (push dimensions °*(,lower ,upper ,size) )
(:= size (+ size (+ 1 (- upper lower) ) ) ) ) )
(defaacro svar var-specs ;#ss Nov print each element of the array, labeled with
*(sim.print-program-variables °*,var-specs t) ) ;ees the index.
! 1
(msg "Variable ® var ®" = * t)
(defun sim.var-spec:print ( var-spec look-in-registers? ) (loop (incr 1 from 0)
(?( (a& look-in-registers? (bind value (sim.real:imag:offset:value
(Il (1 ([Jh #sim.variable:vds var-spec) ) real-base imag-base 1)
== 0 (sim.varisble:rank var-spec) ) ) ) last-1 (-11))
(ein.var:find-registers var-spec) ) (initial ;:r-:*;alue E§nn1qno-strbase)
rst—-
( (consp var-spec) final-1 (- (sim.variable:length real) 1) )
(nil.gar:ra :imag:print (vhen (|| (> 1 final-1)
(car var-spec) (cadr var-epec) (caddr var-spec) ) ) % (&& (1= value first-value) ) ) )
o
? 6335 (12 iirn&:x (Ehon
sin.var:real:imsg:print var-spec var-spec neg
) e ’ P (12 (> last-1 first-1) (then
(sil.indax:?rint first-1 var dimensions)
(mog * :*) ) )
(sim.index:print last-1 var dimensions)
19 20
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) )

(wsg (t 18) = = * firgt~value t) ) )
(12 (> 1 final-1) (then
(return () ) ) )
(:= first-1 1)
(:= first-value value) ) ) ) ) )
0 ))

(defun sim.index:print ( 1 var dimensions )
(loop (for (lawer upper size) in dimensions)
" (initial remainder 1)
o
(weg ® * (+ lower (// remainder sizs) ) )
(:= remsinder (\ remainder size) ) ) ) )

(defnn sin.real:ipag:offgset:value ( real-base imag-base offset )
(1t 11 base (then
.(sim.nemory:[] (+ real-base offset) )
- (sil menory:[] (+ imag-base offset) ) ) )
else
(sim.memory:[] (+ real-base offset) ) ) ) )

(def-sharp-shar
':s::pchnrpgahnrp-r *,{read) *,(resd) ) )

(defun sinm. nhar?-sharp-r ( lo-nale register )
(let ( Dame:me me-name) ) )
*(,([] (me:valuesn me) register)
(0] (we:value-names me) register) ) ) )

21
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TEST BED

This module ipplements a test bed that allows the use of "trace
snaphsots® to simulate the compiler interface without actually requiring
the coapiler to be present.

To use it, first create a trace snapshot as described in
GENERATE-CODE-HOOK. Then, if the snapshot was for trace 3 of progras
PRIME, load the file PRIME-8.TRACE.

(TLS NAME) [Test List Scheduler]
Invokes the test bed on the variable "name® that was loaded from the
file name.TRACE.

The interface functions START-TRACE, PREDECESSORS, NAME:DATATYPE, and
NAME:RANK are defined here that simulate the real ones.

To get back to the "real® interface, call (TEST-BED.UNDO)

M me e BE WA WS WA WS B WA W B W Wa B A B B N s B W

(declare (special

sth.sysbol-tables ;#¢¢ A pymbol table (1ist) of tuples of the form:
H il
H (name datatype rank)

*tb.index:datune ;¢s¢ A vector filled in by PREDECESSORS that

;#¢¢ maps integer trace positions of operations
;s onto the client-supplied datum passed
;#ss into PREDECESSORS.

*th.index:results ;#¢% A vector mapping trace positions of
;#s+ operations onto the original result
;#¢s returned by PREDECESSORS (in the real
;#s¢ coapiler).

*tb.current-indexs ;#¢¢ The trace position of the next expected
;#¢¢ operation expected by PREDECESSORS. We
;#¢% assume the client calls PREDECESSORS in
;##s order.

sth.saved-naneskdofss ;ess List of pairs of function names and
;#¢¢ definitions for the original functions
;#++ ginulated by this interface.

))

(1f (! (boundp °stb.saved-nameskdefss) ) (then
(:= stb.saved-naneskdefss
Eloop (for nase in '(start-trace predecessors name:datatype name:rank))
save
*(,name ,(fundef name) ) ) ) ) ) )

jees
e

(defun tls

( (symbol-table live-before source-record-list live-after
predecessors-results)
&optional (print? t) )

:*ss Remeaber the syabol table.
212
(:= *tb.synbol-table+ symbol-table)

;##¢ Initialize the vectors mapping trace positions.

(e

stb.index:datun* (makevector (length source-record-list) ) )
stb.index:result* (makevector (length source-record-list) ) )

(vector:initialize stb.index:resulte¢ predecessors-results)

;#¢¢ Initialze the starting index to O, 1 if there is a DEF
;#¢¢ in the first position (the client doesn’t call P
.#¢s on DEF.
Rl
(:= stb.current-indexs
(12 (== "def (oper:operator (car (car source-record-list) ) ) )

1
0) )
;%% Nov invoke vhatever we want to invoke.
e
(generate-code live-before source-record-list live-after)

(1f print? (then
)(sch.print—schedule) Y]

e

1]
;#++ (START-TRACE)
1
T

(defun start-trace ()
0)

RIT

;#s+ (PREDECESSORS SOURCE-OPER TRACE-DIRECTION DATUM)
T

(defun predecessors ( source-oper trace-direction datum )
(lot+( (result
(loop (for (index . reasons) in ([] *tb.index:resulte
stb.current-indexs) )
(save
“(,([] etdb.index:datume index)
..reagons) ) ) ) )

sene (:= ([] stb.index:datume stb.current-indexs) datum)
;ees (TLS NAME) (:= stb.current-indexs (+ &2& 1) )
1 2
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result) )
E;co
;e¢3 (NAME:DATATYPE NAME)

seee

(defun name:datatype ( name )
(let ( ( (() datatype rank) (assoc name stb.symbol-tables) ) )
(assert datatype °NAME:DATATYPE: Nase not found: * (h name) )
datatype) )

(defun name:rank ( nane )
(let ( ( (() datatype rank) (assoc name ¢tb.syabol-tables) ) )
(assert rank “NAME:DATATYPE: Name not found: ® (h name) )

rank) )
;+¢¢ (TEST-BED.UNDO)

seee

(defun test-bed.undo ()
(1oog (tor (name def) in e¢tb.saved-nameskdefss) (do
85 := (fundef name) def) ) )

3
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VALUE NODES

A VN (Value Node) represents one value (and possibly an operation) in the
expression DAG for a trace.

def-struct vn

A list of
:CONTRAINT-VNS; each number specifies how many
cycles later this VN must be done after the
corresponding constraining VN.

off-1ive-vns List of VNs "conditionally read®" by this VN
on the off-trace edge (if it is a jusp).
reading-vns List of VNe that read the value of this WN.

List of VNs that are constrained by this VN (via
:CONSTRAINING-VNS) .

constrained-vas

number ; A unique nusber; guarranteed to produce source
; ordering of nodes in the trace.
typo : One of {DEF, DEF1, OPERATION, USE, USE1, COPY,
; PSEUDO-UP}
constant? E True if & constant DEF.
datatype : Datatype of this value, one of {INTEGER, FLOAT}
datum E The opaque bookkeepr datum handed to us by
; GENERATE-CODE.
nase ; The variable nasme written by this node: for
; constant DEFs, the value of the constant.
oper E Source NADDR operation this VN represents.
operand-vns : List of VNs that are read by this VN.
constraining-vns ; List of VNs that must precede this VN, but which
; are not values read by this node.
constraining-delays ; nusbers corresponding to

off-1ive-reading-vns; List of VNs (jumps) that "off-live read® this
; VN

VN will be computed.

depth E A lower bound on the earliest this VN could be
; ocheduled.
height ; A lower bound on the "time® of this VN from the
; exit of the DAG, analagous to the :DEPTH.
ne ; The fuactional unit or constant generator where this

likely-mes List of MES, the current best guess as to where
this VN will be located or computed.

bug-cycle The cycle in which BUG guessed this VN could be
be acheduled,

cycle In 118t scheduling, the current earliest cycle this

VN can be scheduled.
scheduled-cycle In 118% scheduling. the cycle this VN was actually
scheduled.

register-bank-me
reglster
reglster-cycle

The register location of this VN and the time

it is avallable. For USEls, this is the desired
register location (if given).

read-cycle The last cycle in which the value of this VN
was read. This tells us the cycle in which
the value is available on a register-bank or
constant- generator “port®.

readers-left The nunber of successors of this VN that read the
value (including off-live readers) that haven't
been scheduled yet.

predecessors-left The nuaber of predecessors of this VN (operands
an: constraining VNs) that haven't been scheduled
yeot.

locations For USEs and DEFs only, & list of pairs (ME

5 REGISTER) specifying the locations of the USE/DEF.

T T T T T TR TR T TR TR T TR T T T T

VNs fors their owvn OBJECT-UNIVERSE (see OBJECT-UNIVERSE.LSP).

(VN.INITIALIZE)
Initializes this module, forgetting about all previous VNs.

(VN :CREATE VN)
Records VN in the VN object universe.
nev VN 1s:

(VN:CREATE (VN:NEV ...) )

(VN:OPERATOR VN)
(VN:GROUP WN)
Accessing functions for the NADDR operation of the VN.

(VN :DELAY VN)
For operation VNs, the delay of the assigned ME (in :ME); O for
all other VN types.

The idiom for making a

(VN :CONSTRAINED-VN:DELAY VN CONSTRAINED-VN)
VN is on of the :CONSTRAINING-VNS of CONSTRAINEDS-VN. Returns the
constraining delay between the two (if there are several delays
between the two, the largest is returned).

(VN:INSERT-VNS VN PREDECESSOR-VNS)
VN should have exactly one operand. The list PREDECESSOR-VNS is
spliced between that operand and VN, so that each VN in
PREDECESSOR-VNS now reads the operand, and VN now reads all of the

1
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predecessors.

(VN:SPLICE-VN VN NEV-VN READING-VNS OFF-LIVE-READING-VNS)
READING-VNS and OFF-LIVE-READING-VNS should be subsets of the
corresponding readers of VN. NEW-VN is spliced so that it 1s a
reader of VN, with READING-VNS now reading NEW-VN instead of VN.
All the VNs in OFF-LIVE-READING-VNS are made to off-live read NEW-VN
instead of VN.

(VN:DELETE WN)
Deletes a VN froa the DAG and VN universe. A VN can be deleted
only 1f it bas no readers and no off-live readers.

(VN:PRINT VN)
Prints VN in a pretty debugging forsat.

#SVN I
Interactive syntax for accessing VN with nuaber I.

W WA Wa we M M mE s Be Wy Wa B B Me W WA Ba W e WS

(visible-fields vn number type nase oper)

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

(def-object-universe ¢ls.vn-universes
(object-name vn)
(aapping-type numbered-objects)
(object-number-function
(lambda ( object )
(vn:number object) ) )
(set-object-number-function
(lambda ( object number )
(:= (vn:number object) number) ) )
(initial-size 200) )

def-sh h
(G 'Ev:z;:v::gc‘::nlber:m ,(rend) ) )

(defun vn.initialize ()
E;u;univsroc::nibislize)

(defun wvn:create ( vn )
(1f (! vn) (then
(:= va (va:new) ) )
(else
(assert (wn:ds wn) ) ) )
(vg-univerao:lda wn)
v

(defun vn:operator ( vn )
(assert (vn:is vn) )
(oper:operator (van:oper vn) ) )

(defun vn:group ( wvn )
(asgert (vn:is wvn) )
(oper:group (vn:oper vn) ) )

(defun vn:delay ( vn )
(assert (vn:is wvn) )
(cageq (vn:type vn)
(operation
(assert (vn:me vn) )
(me:delay (vn:me vn) ) )

0)))

(defun vn:constrained-vn:delay ( vn constrained-va )
(assert (vn:is wvn) )
(loop (for comstraining-vn in (vn:constraining-vns constrained-vn) )
(for constraining-delay in (vn:constraining-delays constrained-va) )
(wvhen (== constraining-va van) )
(eaximize constraining-delay) ) )

(defun vn:insert-wvns ( vn predecessor-vas )
(assert (== 1 (length (vn:operand-vms wva) ) ) )
(let ( (operand-vn (car (vn:operand-vmns vn) ) ) )
(:= (van:reading-vns operand-vn) (top-level-removeq vn &%) )

(loog (for predecessor-vn in predecessor-vmns) (do

push (vn:reading-vns operand-vn) predecessor-vn)
(:= (vn:operand-vns predecessor-va) °(,operand-vm) )
(:= (vn:reading-vns predecessor-va) ‘(,vn) ) ) )

E;=}(§n:opcrand-vna vn) predecessor-vna)

(defun wvn:splice-vm ( vn new-vn reading-vms off-live-reading-vns )
(assert (subset? reading-vmns (vn:reading-vns va) ) )
(ngsert (subset? off-live-reading-vns (vn:off-live-reading-vns wvn) ) )
(assert (|| reading-vms off-live-reading-vms) )

(:= (vn:reading-vns vn) (set-diffq &2& reading-vns) )
(push (vn:reading-vns vn) new-vn)

(:= (vn:operand-vns new-vn) ‘(,vn) )
(:= (vn:reading-vns new-vn) reading-vas)

(loop (for reading-vm in reading-vns) (do
(:= (vn:operand-vns reading-vn)
(top-level-substq new-vn vn Z&&) ) ) )

(:= (vn:off-1ive-reading-vns vn) (set-diffq 2&& off-live-reading-vns) )
(:= (vn:off-1ive-reading-vns new-vn) off-live-reading-vns)
(looE (for off-live-reading-vn in off-live-reading-vms) (do

:= (vn:off-live-vns off-live-reading-vn)

7 5 (top-level-substq new-vn vn &&&) ) ) )

3
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(defun vn:delete ( wva )
(assert (&% (! (vn:reading-wns vn) )
(! (vn:off-live-reading-vmns vn) )
(! (vn:off-1ive-vns wn))))

;#s¢ Remove references to this VN froa any VNs constrained by this
;e#+ one; ugh, messy.
Rl
(loop (for constrained-va in (vn:constrained-vns vn) ) (do
(loop (for constraining-va in (vn:constraining-vns constrained-vn))
(for delay in (vn:constraining-delays constrained-vn))
(vhen (!== constraining-vn vn) )
(initial new-constraining-vns 0
- new-constraining-delays () )
o
(push new-constraining-vns constraining-vn)
(push new-constraining-delays delay) )
(result
(:= (vn:constraining-vas  constrained-vn)
(dreverse new-constraining-vns) )
(:= (vn:constraining-delays constrained-vn)
(dreverse now-constraining-delays) ) ) ) ) )

;#++ Now removes references to this VN from constraining VNs.
RIl)
(lcop (for constraining-vn in (vn:constraining-vns vn) ) (do
¥:= (vn:constrained-vns constraining-vn)
(top-level-removeq vn &%) ) )

;9%% Remove all references to VN from its operands.
R L
(loop (for operand-vn in (vn:operand-vms va) ) (do
€:= (vn:reading-vns operand-vn)

(top-level-removeq vn &28) ) ) )

(vn-aniverse:delete vn)
0)

(defun wva:print ( vn )
(asgsert (vn:is vn) )

(asg O (vn:number van) ": * )
(caseq (va:type vn)

(det (psg "def * (vn:name vn) * *) )
(defl (msg "defi ® (vn:name vn) * ") )
(use (msg “use ®* (vn:name va) " %) )
(usol (mag ®"usei ® (vn:name vn) " ") )
(operation (msg (vn:oper wvn) ®"y)
(pseudo-op (masg (vn:oper wn) 2 :g ;

Ecopy (mag “copy * (vn:oper vn)
t

(error (1ist wvn °VN:PRINT: Unknown VN:TYPE.") ) ) )
(if (vn:constant? vn) (then
(msg "c *) ) )
(12 (vn:datatype vn) (then
(msg (vn:datatype vn) * *) ) )
(msg t)

(1t (n:ozarnd-vnn vn) (then
[ 1.7 4 operand-vns: -

(loo% (for operand-vn in (vn:operand-vns vn) ) (do
asg (vn:number operand-vn) * *) ) )

(1t

(1t

(1f

(1f

(1t

(1f

(1f

(12

(1r

(1t

(1r

0)

(msg ¢) ) )

(vn:constraining-vns vn) (then

(msg * constraining-vans: *)

(loop (for constraining-va in (vn:constraining-vns vn) )

« (for constraining-delay in (vn:constraining-delays vn) )
o

(msg_ (vn:number constraining-van) "@" constraining-delay * *) ) )
(wsg ¢v) ) )

(vn:off-1live-vns va) (then

(msg ® off-live-vna: *)

(loop (for off-live-vn in (vn:off-live-vms wvan) ) (do
(msg (vn:nuaber off-live-wvn) ® *) ) )

(msg t) ) )

(vn:constrained-vna vn) (then

(msg * constrained-vns: ")

(lccg (for constrained-vn in (vn:constrained-vms vn) ) (do
msg (vn:number constrained-wvn) * *) ) )

(msg t) ) )

(vn:depth vn) (then

(meg *  depth: * (vn:depth va) t) ) )

(vn:cycle vn) (then

(msg * cycle: * (vn:cycle va) t) ) )
(vn:bug-cycle vn) (then
(msg * bug-cycle: * (vn:bug-cycle va) t) ) )

(vn:scheduled-cycle vn) (then
(msg * echeduled-cycle: * (vn:scheduled-cycle va) t) ) )

(vn:me wvn) (then
(msg " L TH .
(se:nase (vn:me vn) ) t) ) )

(vn:likely-mes vn) (then

(usg ;) iitelyblcs: ® (b (me-11st:nane-118t (vn:likely-mes vn)))

(vn:locations wvn) (then
(msg " locations:
(h (loop (for (me register) in (vn:locations va) ) (save
3 ‘(,(ue:name me) ,register) ) ) )
t

(vn:register-bank-me vn) (then
(msg * register: N
g;e;n;le (vn:register-bank-me vn) ) * * (vn:register vn)

5
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: WRITE-VNS
; This module provides the interface functions for printing out VN DAGs.
See the similar modules in DRAVING: for detalls about hov to get

DAGs printed out.

(VRITE-VNS E&OPTIONAL (FILENAME ®IN.DAG) DAG-COMMANDS)
VWrites a description of the current VN DAG to FILENAME. DAG-COMMANDS
is an optional list of assignment statepents that will be recorded
with the DAG and EVALed by the DAG-drawing software; these
assignaents control the foramatting of the DAG. See the variable
sWV.DEFAULT-DAG-COMMANDS* below.

T

(eval-when (compile eval)
(build ’(drawing:dag-input-node) ) )

(defvar swv.default-dag-commandse

*( (:= edag:box-heights 48)
(:= edag:node-widths 100)
(:= sdag:line-widthe 25)
(:= sdag:box-widths 80)
(:= edag:minimum-level-separations  30)
(:= sdag:ideal-text-lines-per-nodes 4)
(:= edag:fold-text-linea?s 0)
(:= sdag:critical-thresholds
(:= tdag:relovo-non-cribicsl-nodnnla%ge;?t
(:= sdag:shade-critical-nodes?s 0)
(:= sdag:text-z-margins 8)
(:= edag:make-slidess? 0)))

(defun write-vas ( goptional (filename “in.dag®) dag-commands)
(let ( (filoname (file-linst:filename
(file-11st:merge filenams *(() () () "DAG") ) ) ) )
(lota ( (file filename '(out newversion) ) ) (without file
(msg (b *(,,swv.defanlt-dag-comaandse , dag-cozmands)
100000 100000) t)
(usg (b (wv.d :graph) 100000 100000) t)
(f1lename file) ) ) ) )

(defun wv.dag:graph ()
(1ot ( (ewv.all-nodese () ) )
(loop (for-each-va vn)
‘ (vhen (wv.vn:visible? wvmn) )
do

(push swv.all-nodens
(caseq (vn:type wn)
( (def use
(wv.def-use-vn:create-node vn) )
( (def1 uset)
(wv.defi-usei~vn:create-node vn) )
(operation

( (vv.operation-vn:create-node van) )
co
p{wv.:opy-vn:cre;uo-uode wm)))))
(result

(dreverse ewv.all-nodess) ) ) ) )

(defun wv.def-use-vn:create-node ( vn )
(dag:input-node:new
name {(vn:nuaber wn)
label *(,(string-meg (va:nuaber vn) * * (vn:name vn) )
.(me-1i8t:name-1i8t (vn:likely-mes wvn) ) )

atyle *shading2

child-edge-styles

wv.vn:child-edge-styles vn) ) )

(defun wv.defi-usei-vn:create-node ( va )
(dag:input-node:nev
naae (vn:nuaber vn)
label °(,(string-msg (vn:nuaber vn) " * (van:name vn) )
,(wv.vn:location wn) )
style ‘shading2
child-edge-styles
wv.vn:child-edge-styles wvn) ) )

(defun wv.operation-vn:create-node ( va )
(dag:input-node:nevw
naase (vn:nuaber wn)
label °*(,(string-msg (vn:number vn) " " (me:name (wvn:pe vn) ) )
,(vn:oper vn)
. (wv.vn:location vn) )
child-edge-atyles
wv.create-chain
(se:delay (vn:me vn) )
‘node
E§.(no:nnse (vo:me vn) ) )

*noraal
(vv.vn:child-edge-styles va) ) ) )

(defun wv.copy-van:create-node ( vn )
(dag:input-node:nev
name (vn:number wn)
label  ‘(,(string-msg (vn:number vn) * ® (wv.vn:me-name vn) )
copy
.(wv.vn:location wvn) )
atyle ‘shaded
child-edge-atyles
wv.va:child-edge-styles vn) ) )

(defun wv.vn:me-name ( vn )
(?( (vn:register-bank-me vn)
(me:nane (vn:register-bank-me van) ) )
( (va:me vn)
(me:name (vn:me wvn) ) )

t
"))

b

2
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(defun wv.vn:location ( va )
(*( (vn:register-bank-me vn)
(string-asg (me:name (vn:register-bank-me van) ) = *
(vn:register vn? )
( (vn:me wn)
(we:name (vn:me wn) ) )

(t
=)

(der%n wv.va:child-edge-styles ( vn )
nconc
(loop (for reading-vm in (noduplesq (vn:reading-vas vn) ) )
( (vhen (wv.vn:visible? reading-wva) )
save
(vv.vn:child-vn:style:create—-edge vn reading-va "thick) ) )

(loop (for constrained-vn in (noduplesq (vn:constrained-vns va) ) )
(vhen (28 (> (vn:conatrained-vn:delay va constrained-vn) 0)
( (wv.vn:visible? constrained-va) ) )
save
(wv.vn:child-vn:style:create-edge vn constrained-vn ‘shaded)))))

(defun wv.vn:child-vn:style:create—edge ( vn child-vn style )
(1et ( (next-cycle (wv.va:next-cycle vn) )
(child-cycle (wv.vm:cycle child-vn) ) )

(1f (== next-cycle child-cycle) (then
( *(,(vn:number child-vn) ,style) )
eloe
(let ( (closest-pred=-vn (wv.vn:closest-pred-va child-vn) ) )
(i (1== vn closest-pred-vn) (then
*(,(vn:number child-vn) ,style) )
(eloe
(car (wv.create-chain
(- child-cycle next-cycle)
‘line
(9]
style
style
*( (,(vn:number child-vn) ,style)))))))))))

(dofun wv.vn:closest-pred-vn ( vn )
(1et ( (closest-operand-vn
(loop (for operand-vmn in (vn:operand-vns vn) )
(maxinmize operand-vn (wv.vn:next-cycle operand-vn) ) ) )

(closest-constraining-vn
(loop (for constraining-vm in (vn:constraining-vans W) )
(for constraining-delay in (vn:constraining-delays vn) )
(vhen (> constraining-delay 0) )
(maximize constraining-vn
(wv.vn:next-cycle constraining-vn) ) ) ) )

(1f (a& closest-constraining-va
(> (wv.vn:next-cycle closest-constraining-vn)
(wv.va:next-cycle closest-operand-vn) ) )
closest-constraining-vn
closest-operand-vn) ) )

(defun wv.create-chain
( length type label box-style edge-style child-edge-styles )
(loop (initial prev-child-edge-styles child-edge-styles)
(decr L from length to 1)
(bind node (dag:input-node:new

name (gensym)
type type
label label

style Dbox-style
child-edge-styles
- prev-child-edge-styles) )
o
(push svv.all-nodess node)
(:= prev-child-edge-styles *( (,(dag:input-node:name node)
.edge-gtyle) ) ) )
(result prev-child-edge-styles) ) )

(defun wv.vn:next-cycle ( va )
(¢« 1 (+ (wv.vn:cycle wn)
(casa? (vn:type wn)
operation (me:delay (vn:me vn) ) )
(v 0)))))

(defun wv.vn:cycle ( vn )
(caseq (vn:type wn)

e
(1t (;——“ *def1l (vn:type (car (vn:reading-vms wn) ) ) )

-1) )
(def1

1
( (copy operation)

(vn:cycle vn) )
(usel

(va:cycle wvn) )
(us

]
(12 (== °usel (vn:type (car (vn:operand-vms wva) ) ) )
(+ 1 (vn:cycle vn) )
" (vn:cycle vn) ) )
(error (1ist va “Case error.®) ) ) ) )

(defun wv.vn:visidble? ( va )
(caseq (vn:type wn)
T

(det
(for-some (reading-vn in (vn:reading-vns van) )
(a2 (!== 'use (vn:type reading-vm) )
(aot1 (wv.vn:visible? reading-vn) ) ) )
-]
(tor-some (reading-vn in (vn:reading-vas vn) )
(== °‘usel (vn:type reading-van) ) ) )
( (op;rttion copy)
t

( (usel use)
" (wv.vn:visible? (car (vn:operand-vms vn) ) ) )
(error (1ist vn “"Case error.") ) ) ) )

3

4
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