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BOTTOM-UP GREEDY 

(BUG.ASSIGN-MES) 

This nodule asaigna MEs to each VN. using an algorlthn inspired by the 
top-down greedy register allocation. This algoritha is "bottoa-up" 
because we draw our dags right (entrance at the top. exit at the bottoa), 

The general algorlthn le recursive — choose functional units for the 
operands of a VN, then choose a functional unit for the VN based on 
those chosen for the operands. A VN la assigned only after all Its 
operands and constraining VNs are aaaigned. When choosing functional 
units for the opérande of a VN, we are "alndful" of the intended 
destination of the VN and the possible functional-unlta the VN can be 
done on. 

When recurslng up through the DAG, the VNs with greatest depth are done 
first. Thia la similar to the "highest levels first" strategy of 
Hat scheduling. 

(eval-when (coaplle load) 
(Include llat-acheduler:declarations) ) 

(defun bug.asslgn-nea () 
(heights-depths.assign) 
(resource.lnltlallze-achedule 'bug) 
(reglstera.initialize) 

(bug.aaslgn-Hkely-neB) 

(loop (for vn ln (bug.depth-sort-vna «la.exit-vna«) ) (do 
(bug.vn:assign vn () ) ) ) 

(bug.aake-de f1sftuse is) (bug 
0 ) 

>** 
»*« (BUG.ASSIGN-LIKELY-MES) 
»*• 
>*• Initializes :LIKELY-MES of each VN to a Hat of feasible MEs that 
>** could be used for the VN. For DEF and USE VNs, the list ls set to 
>** the MEa of the locations of the DEF or USE (lf given) ; lf a DEF has 
'** no locations, but a USE that reads the DEF does, the DEF adopts the 
>** :LIKELY-MES of the USE. For operations VNs, It Is set to the list 
>*« of functional-unit MEs that can conpute the value of the VN. 
<** 
»**3=33=======S=====3=========================SB========S=========: 

(defun bug.asslgn-llkely-nes () 
(loop (for-each-vn vn) (do 

(caseq (vn:type vn) 
(paeudo-op) 
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( (def uae) 
(:= (vn:likely-nee vn) 

(loop (for (ne register) ln (vn:locations vn) ) (save 
ne) ) ) ) 

(copy 
(:= (vn:llkely-nes vn) () ) ) 

(operation 
(:= (vn:llkely-nes vn) 

(loop (for ne ln (operator:funetional-unlt-nes 
(vn:operator vn) ) ) 

(when (ne:datun:ok? ne vn) ) 
(save ne) ) ) ) 

(t 
(error (list vn "BUG.ASSIGN-LIKELY-MES: Case error.")))))) 

(loop (for-each-vn vn) 
(when (ftft (== «def (vn:type vn) ) 

(! (vn:llkely-nes vn) ) ) ) 
(bind use-vn (car (for-aoae (readlng-vn in (vn:readlng-vna vn) ) 

(ss 'use (vn:type readlng-vn) ) ) ) ) 
(when uae-vn) 

(do 
(:= (vn:llkely-nes vn) (vn:likely-nes use-vn) ) ) ) 

0 ) 

• •============3===B=3=S=SS3S3Sg=S3=jES=a=========3=====S==3=====S=a==S=a 
»* 
•* (BUG.VN:ASSIGN VN DESTINATIONS) 
** 
** This is the recursive function that assigns a VN, setting :ME. 
•* :LIKELY-MES. and :BUO-CYCLE of VN to reflect our choice of where to 
** conpute VN. DESTINATIONS la a Hat of MEs where ve want the value 
•* of VN to end up ln (the value need end up ln only one of then); lf 
** DESTINATIONS la () that aeana ve don't care where the value goea. 
** 
** After aaaignlng VN, all the operands of VN are exanlned; any DEF 
•• operands are reassigned based on what was chosen for VN. 
•• 
• •==========SS==S===S=3SS3a==S==SS========S3==S=============S=3=== 

(defun bug.vn:assign ( vn destinations ) 
(lf (I (vn:bug-cycle vn) ) (then 

(caseq (vn:type vn) 
(pseudo-op) 
(def 

(bug.def-vn:asaign vn deetlnetlona) ) 
(use 

(bug.use-vn:assign vn destinations) ) 
(copy 

(bug.copy-vn:assign vn destinations) ) 
(operation 

(bug.operation-vn:assign vn destinations) 

(loop (for operand-vn in (vn:operand-vns vn) ) 
(when (== 'def (vn:type operand-vn) ) ) 

(do 
(bug.def-vn:reassign operand-vn (vn:ae vn) ) ) ) ) 

(t 

0 ) 
(error (Hat vn "BUG.VN:ASSIGN: Case error.-) ) ) ) ) ) 
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(BUG.USE-VN:ASSIGN VN DESTINATIONS) 

Assigns a USE VN nerely by recursively asssignlng the operand of 
the USE. 

(defun bug.use-vn:assign ( vn destinations ) 
(bug.vn:assign (car (vn:operand-vns vn) ) 

(vn:llkely-nes vn) ) 
(:= (vn:bug-cycle vn) (vn:bug-cycle (car (vn:operand-vns vn) ) ) ) 

» * = 3 S 3 3 3 = 3 3 3 3 3 3 3 3 3 3 = = 3 = = 3 3 = = = = = = S = 3 = = = = = 3 = 3 3 = = = = = = = = 3 = = = = = = = = = S S = = = = = 

*• 
*• (BUG.COPY-VN:ASSIGN VN DESTINATIONS) 
** 
** Assigna a COPY VN by récuraively assigning its operand. It la aesuned 
** that the copy operation will take one cycle and can be done ln 
** whatever register bank contalna the operand. 
«« 
**==S===33S33=S=33==3=3=3=S3=33==33=33===========3====3==33333SSSSSS333=== 

(defun bug.copy-vn:assign ( vn destinations ) 
(loop (for operand-vn 

ln (bug.depth-sort-vns (append (vn:conatrainlng-vns vn) 
(vn: operand-vna vn) ) ) ) 

(do 
(bug.vn:assign operand-vn 

(lf (nenq operand-vn (vn:operand-vna vn) ) 
destinations 
())))) 

(:= (vn:bug-cycle vn) (+ 1 (bug.vn:avallable (car (vn:operand-vna vn) ) ) ) 
(: = (vn:llkely-nes vn) (vn:llkely-nea (car (vn:operand-vns vn) ) ) ) 
0 ) 

(BUG.DEF-VN:ASSIGN VN DESTINATIONS) 

VN ls a DEF. We aaauae that the nachlne has the bandwidth to provide 
VN to lta readers on cycle 0 (see the next function). 

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

• • = S 3 = S = = = = = 3 S = = 3 = S = = = = = = 3 = = = = = = = = = = = = = = = = = = 3 3 S 3 S 3 S S S = = = = 3 S = = = = S 3 = S = S = = I 

«* 
•* (BUG.QPERATION-VN:ASSIGN VN DESTINATIONS) 
•* 
«* VN la an operation VN. Picks a good ME for for VN. First all the 
** predecessor VNs (operands and constraining) are recursively assigned, 
•• doing the ones of largest depth first. As we assign each operand, 
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'1 
;•** we aake a "best guess" about the MEs likely to be used for VN; that 
:•*« best guess ls pased on as DESTINATIONS for the récuraive assignment 
••« to the operand. After we've done all the operands, we then nake 
:*** a final best guess for VN, preferring an ME that is closest to the 
;*«* operands lf we have any choice left. 
**• 
:**« After we've picked an ME and a cycle, we achedule it on the resource 
:*«« schedule to Indicate we've aade a choice. 
:*** 
: * « « = = = 3 = = = = = = = 3 = = = = = = = S 3 = = 3 = = = = = = = S = = 3 = = = = = 3 = = 3 = = = 3 = = = = = = = = = = = 3 3 S 3 3 3 Z 

(defun bug.operatlon-vn:a88lgn ( va destinations ) 
(loop (for operand-vn 

ln (bug.depth-aort-vns (append (vn:constraining-vns vn) 
(vn:operand-vns vn) ) ) ) 

(bind cycleftne-llst 
(bug. vn : destinations :cycleftne-llst 

vn destinations) 
operand-deatlnatlons 

(lf (! (nenq operand-vn (vn:operand-vns vn) ) ) (then 
0 ) 

(elae 
(loop (for (cycle ne) In cycleftne-llst) (aave 

ne) ) ) ) ) 
(do 

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

(let ( (cycleftae-llBt (bug.vn:destinations:cycleftne-llst vn destinations)) 
(beat-cycle () ) 
(beet-ae () ) ) 

(lf (I (cdr cycleftne-llst) ) (then 
(desetq ( (best-cycle best-ne) . () ) cycleftne-llst) ) 

(else 
(desetq (best-cycle best-ne) 

(loop (for cycle«*« ln cycleftne-HBt) 
(bind (cycle ne) cycleftne) 

(ainlBlze 
cycleftne 
(loop (for operand-vn ln (vn:operand-vns vn) ) 
(reduce nax 0 

(ne:ne:delay (vn:ne operand-vn) ne)))))))) 

(bug.vn:cycle:ne:schedule vn best-cycle best-ne) ) 
0 > 

".•••SS«ggggggggggggggggggSSggggggggggggggggg3g==SSggggggSSSS=tTCSSSSSSaggSCggggg 

;*•• (BOO.VN:DESTINATIONS :CYCLEftMR-LIST VN DESTINATIONS) 
;••• 
;*** Olven an operation VN and suggested destinations, returns a list 
;*«» of pairs: 
;••• 
;*** (CYCLE ME) 
;*•• 
;•«* describing the best placée and tines where VN can be conputed; any 
;**« pair ln the list win calculate VN and aove It to a closest 
;*•» destination as early as any other pair. CYCLE specifies the tine 
;*•• at which KB can be scheduled. 
;*•« 
;*** The result ls calculated by looking at each ME that could be used 
;*«• for VN and calculating the cost of novlng the operands to the ME, 
;••« doing the operation, and then novlng the value to the closest 



1 
;*** destination. 
;••• 
; * * * = 3 = = = = = S = = = = = = 3 3 = = = = 3 = = = = = = = = 3 3 = S = = = = 3 3 = 3 = 3 S 3 = = = = = = = 

(defun bug.vn:destinations:cycleftne-llst ( vn destinations ) 
(loop (for ne ln (vn:llkely-nes vn) ) 

(when (ne:datun:ok? ne vn) ) 
(bind cycle (bug.vn:ne:cycle vn ne) 

coat (+ cycle 
(+ (ae:delay ne) 

(bug.ne:ne-Hst:Bin-delay ne destinations) ) ) ) 
(save-alnlauns '(.cycle ,ae) cost) ) ) 

• •3333===============3333=====3=333==3=33=333=3=3===3333========= 
«• 
*• (BUG.VN:ME:CYCLE VN ME) 
** 
*• Returns the earliest cycle ln which ME can be scheduled to conpute 
** VN. If none of VN's operands have been assigned yet, then the "cycle" 
*• returned ie actually an estlaate of the cost of of novlng VN's 
** operands to the ME, baaed on what little we know of where VN and 
*• its operands can be conputed. 
*« 
* * = = = 3 3 3 3 = 3 3 3 3 3 = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = 3 3 3 3 = = = = = = = = = = = = 

(defun bug.vn:ae:cycle ( vn ae ) 
(lf (for-sone (operand-vn ln (vn:operand-vna vn) ) 

(vn:bug-cycle operand-vn) ) 
(then 

(bug.aaalgned-vn:ne:cycle vn ae) ) 
(else 

(bug.una88igned-vn:ae:cost vn ae) ) ) ) 

(BUG.UNASSIGNED-VN:KE:COST VN ME) 

VN has none of lta opérande assigned. Returns an estlnate of the 
cost of novlng the operands of VN to the ME. The coat is conputed 
as follows: 

The operands of VN with aaxlaua depth are gathered. The cost 
is the aaxlaua over those operands of F( OPERAND-VN ). where 
F ls the delay of novlng the operand to the ME. 

(defun bug.una88lgned-vn:ae:coat ( vn ne ) 
(let ( (nax-depth (loop (for operand-vn ln (vn:operand-vns vn) ) 

(reduce nax 0 (vn:depth operand-vn) ) ) ) ) 
(loop (for operand-vn ln (vn:operand-vna vn) ) 

(when (== nax-depth (vn:depth operand-vn) ) ) 
(reduce nax 0 (bug.ne-liat:ne:nln-delay 

(vn:llkely-nes operand-vn) 
ne) ) ) ) ) 

;«•*= 
;•*« ;*** 
;*** 

(BUG.ASSIGNED-VN:ME:CYCLE VN ME) 
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1 
;•** At least one of VN's operands have been assigned. Returns the first 
;•*« cycle ln which VN's operation can be scheduled using ME; the cycle 
;**« is the flrat after all the operands are available at the lnputa of 
;**« the ME and ln which the ME la free. (We also require that the cycle 
;*«« be after all the constraining VNB have conpleted.) 

; • • • = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = =333=33== 

(defun bug.aaalgned-vn:ne:cycle ( vn ne ) 
(let ( (available-cycle 

(nax 
(loop (for operand-vn ln (vn:operand-vns vn) ) 

(when (vn:bug-cycle operand-vn) ) 
(reduce nax 0 (• (bug.vn:available operand-vn) 

(bug.ne-llst:ne:nln-delay 
(vn:llkely-nee operand-vn) 
ne) ) ) ) 

(loop (for constraining-vn ln (vn:constraining-vns vn) ) 
(for constralnlng-delay 

ln (vn:conetralning-delaye vn) ) 
(when (vn:bug-cycle conetralnlng-vn) ) 
(reduce aax 

0 
(cycle:délaya:conatrained-cycle 

(vn:bug-cycle constraining-vn) 
(vn:delay conatrainlng-vn) 
(ne:delay ne) 
conatralnlng-delay) ) ) ) ) ) 

(cycle:resource-request:firat-avallable-cycle 
available-cycle 
(ae:resources ne) ) ) ) 

; * * * = = = = = = = g = 3 = = s 3 = 3 s = = = = = s = = = = = = = = s = = = = = = = = = = = = 3 3 = = = = = = 
;*** 
;«*« (BUG.VN:AVAILABLE VN) 
;**« 
;*** Returns the first cycle In which the value of VN is available for use. 
;••* 
;«*«============s======s==s===================================== 

(defun bug.vn:available ( vn ) 
(caseq (vn:type vn) 

( (def copy) 
(vn:bug-cycle vn) ) 

(operation 
(• (vn:bug-cycle vn) 

(ne:delay (vn:ne vn) ) ) ) 
(t 

(error (list vn "BUG.VN:AVAILABLE: Case error.") ) ) ) ) 

*•* 
*•* (BUG.DEPTH-SORT-VNS VN-LIST) 
*«* (BUO.HEIOHT-SORT-VNS VN-LIST) 
*** 
**• Sorts a list of VNs ln decreasing depth or height order. We break 
•*• ties baaed on the naae of the VN — thia ls slightly less efficient. 
•*• but guarrantees greater unlfornlty ln results when naklng Blight 
»•« changes to the Input progrès (useful only for debugging). 
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1 
;««* 
; * * * = = = = = = = = = = = = = = = 3 = = = 3 = = = = = = = = = 3 = = 

(defun bug.depth-sort-vna ( vn-liat ) 
(sort vn-list 

(f:l ( vni vn2 ) 
(?( (> (vn:depth vni) (vn:depth vn2) ) 

t) 
( ( = (vn:depth vni) (vn:depth vn2) ) 
(lexorder (vn:naae vni) (vn:nane vn2) ) ) 

( t 
()))))) 

(defun bug.helght-aort-vna ( vn-llst ) 
(sort vn-llst 

(f:l ( vni vn2 ) 
(?( (> (vn:helght vni) (vn:helght vn2) ) 

t) 
( (== (vn:height vni) (vn:height vn2) ) 
(lexorder (vn:naae vni) (vn:nane vn2) ) ) 

( t 
()))))) 

; * * * = = = = = = = = S = = = = = = = = = = = = = = = = = = = = = = 3 = 3 3 = 3 = = = = = 3 = = = = S 3 = 3 = = = = = : 

;*** 
;*** (BUG.VN:CYCLE:ME:SCHEDULE VN CYCLE ME) 
;*** 
;*«* ME has been chosen for VN. Its resources are acheduled at CYCLE, 
;*** and VN:BUG-CYCLE, VN:ME, and VN:LIKELY-MES are updated. If ME le a 
;««* register bank, we aaauaed it we're trying to read froa it. 
;«** 
; * * * = = = = 3 = = = = = = = = = = = = = = = = = = = = 3 3 = = 3 = = = 3 S S S S = = = = = = = = = = = = = = = = = = = = = = = = : 

(defun bug.vn:cycle:ne:achedule ( vn cycle ae ) 
(assert ne "BUG: No ME waa found I") 

(cycle:resource-request:achedule 
cycle 
(lf ( = 'register-bank (ne:type ne) ) 

(aeiread-reaourcea ae) 
(ae:reaourcea ae) ) ) 

(:= (vn:ae vn) ae) 
(:= (vn:likely-Bea vn) '(.ae) ) 
(:= (vn:bug-cycle vn) cycle) 

; * * * 3 3 S 3 S = 3 = = = 3 = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = S 

;*** 
;*•* (BUG.ME-LIST:ME:MIN-DELAY ME) 
;*** (BUG.ME:ME-LIST:MIN-DELAY ME) 
;*** 
;*** These two functions return the nininun required delay ln novlng a 
;*** a value between one ME and the cloaeat ME in a list of MEs. 
;*** 
; * * * = S S 3 = = = = 3 = = = = = = = = = = = = = = 3 S = = 3 = S = = = = = = = = = = n = = = = = = = = = = = = = 

(defun bug.ae-llst:ae:nln-delay ( ae-list ne ) 
(lf (! ae-list) (then 

0) 
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(else 
(loop (for next-ae ln ae-llst) 

(reduce aln 100000 (ae:ae:delay next-ne ne) ) ) ) ) ) 

(defun bug.ne:ne-list:nln-delay ( ne ae-llst ) 
(lf (! ae-list) (then 

0) 
(else 

(loop (for next-ae ln ae-llst) 
(reduce nln 100000 (ne:ne:delay ae next-ae) ) ) ) ) ) 
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*** _____ _•—__—_ __ ______ ******** 
«** Copyright (C) 1088 John R. Ellis. This file nay be used for **««*•** 
«** educational and research purposes only, by the faculty, students, •*••«*«• 
««* and staff of Yale University only. ******** 
*** _ _____ _—-—__******** 

BOTTOM UP GREEDY. DEFS AND USES 

This file Inplenents the part of the bottoa-up-greedy algorlthn that 
handles DEFB and USEa. 

(eval-when (coaplle load) 
(Include list-scheduler '.declarations) ) 

* 
* (BUG.DEF-VN:REASSIGN VN DESTINATION) 
* 
* VN la a DEF VN. One of the readers of VN has Just been assigned, 
* and thia function ia called to get a good guess for the location 
* of the DEF. DESTINATION ls the ME Juat assigned to the reader. 
• 
* If the DEF requlree a single location and doesn't yet have one, then 
* we find a register bank connected to DESTINATION that la available 
* earliest and assign It to VN. Otherwise, the DEF la allowed aultlple 
* locatlona and we don't aseign it any location, on the aaeunptlon 
* that we'll be able to aake up "good" locatlona later. 
• 
* A DEF requlree a single location lf it ls a variable, it doesn't 
* have any currently assigned location, and the variable la written 
* aoaewhere on the trace. Variables that aren't written on the trace 
* are allowed to have aultlple locations, as are constante. 
• 
* •*• NOTE *•• 
* We should really take account of confllcta between the register 
* usage here, aa we do later on when we assign DEFs and USEa. 
• 

(defun bug.def-vn:reassign ( vn destination ) 
(lf (ft* (l (vn:constant? vn) ) 

(l (vn:llkely-«ea vn) ) 
(> (dag.nana:trace-wrlte-count (vn:nane vn) ) 0) ) 

(then 
(assert »le.new-defs-allowed?« "BUG: Huh?*) 
(let ( (beat-cycle 100000) 

(best-ne () ) ) 

(loop (for ne la (ne:Inputs destination) ) 
(when (ftft (== 'register-bank (ae:type ne) ) ) 

(> (ne:regiatera-left ne) 0) ) 
(bind cycle (cycle:reaource-requeet:first-available-cycle 

0 
(ae:read-resources ne) ) ) 

(when (< cycle best-cycle) ) 
(do 

(:= beet-cycle cycle) 
(:- beet-ne ae) ) ) 
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(bug.vn: cycle : ne : schedule 
vn best-cycle best-ne) 

(:= (ne:registers-left best-ne) (- ftftft 1) ) ) ) ) 

**= 
•* 
** (BUG.MAKE-DEFlSftUSESlS) 
•« 
** This procedure la called after all nain recursive assignnent algorlthn 
•« has been run. It inaerta DEFla between DEFe and their readere. and 
** USEIs between USEa and their opérande. 
•« 
*« First, USEla are Inserted between USEa that have no given locatlona 
** and their opérande. Then DEFla are inserted between all DEFe and 
*« their readers. Finally, USEla are inserted between USES that do 
** have given locatlona and their opérande. 
** 
• •S=====================33333=33===========================33= 

(defun bug.aake-deflaftuaels () 

;*** Make USEla for USEs that have locations. 

(loop (for vn ln «la .exl t -vna«) 
(when (ftft (== 'uae (vn:type vn) ) 

(vn: locat ions vn) ) ) 
(do 

(bug.closed-uae-vn:nake-ueela vn) ) ) 

;*** Make DEFla for DEFs. 
;**• 

(loop (for vn ln (bug.height-sort-vns *ls.entry-vna*) ) 
(when (== 'def (vn:type vn) ) ) 

(do 
(bug.def-vn:nake-defla vn) ) ) 

;•** Make USEls for USEs that don't have locations. 
;•** 

(loop (for vn In «ls.exlt-vns«) 
(when (ftft (== 'use (vn:type vn) ) 

(I (vn:locations vn) ) ) ) 
(do 

(bug.open-use-vn:nake-usels vn) ) ) 

0 ) 

(BUG.CL0SED-USE-VN:MAKE-USE1S VN) 

VN la a USE VN that haa given locations. A USE1 for each different 
location la inserted between VN and its single operand. 

(defun bug.closed-uee-vn:aake-uael8 ( vn ) 
(let ( (usel-vna 

(loop (for (ae register) ln (vn:locatlona vn) ) (aave 

2 
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1 
(vn:create (vn:new 

type 
naae 
constant? 
datatype 
bug-cycle 
height 
depth 
likely-nes 
ne 
reglster-bank-ao 
reglater 

(vn:insert-vna vn uael-vns) 
0 ) ) 

'usel 
(vn:nane vn) 
(vn:constant? vn) 
(vn:datatype vn) 
(vn:bug-cycle vn) 
(vn:height vn) 
(vn:depth vn) 
'(.ne) 
ne 
ne 
reglater) ) ) ) ) ) 

*•* 
«** 
*•* 
•*• 
••* 
•*« 
*«« 
**« 
*«» 
«»• 
•** 
**» 
»*« 
*** 
*** 
• **: 

(BUG.OPEN-USE-VN:MAKE-USE IS VN) 

VN is a USE VN that has no given locations. If the USE doesn't have 
a DEFI aa lta operand, that aeans the variable of the USE ls written 
on the trace; we splice a USE1 betweeen the operand and the USE. 

If the USE does have a DEFI aa lta operand, that neana the variable 
(or constant) isn't written on the trace. We splice a USEl between 
ALL the DEFls of the variable. The effect of thia le to keep all 
the coplea of this variable live over the whole trace (good lf the 
trace la a loop — the variable or constant Is a loop Invariant). 
Perhapa we'll want to nodlfy thia to do It only when given a loop 
trace. 

(defun bug.open-use-vn:aake-uaela ( vn ) 
(let*( (operand-vn (car (vn:operand-vna vn) ) ) 

(pred-vna 
(lf (-- 'defl (vn:type operand-vn) ) (then 

(vn:reading-vna (car (vn:operand-vna operand-vn) ) ) ) 
(elae 

(vn:operand-vna vn) ) ) ) ) 

usel 
(vn:naae vn) 
(vn:constant? vn) 
(vn:datatype vn) 
(vn:bug-cycle vn) 

(loop (for pred-vn ln pred-vns) 
(bind ueel-vn (vn:create (vn:new 

type 
naae 
constant? 
datatype 
bug-cycle 
height 
depth 

(do 
(lf (nenq pred-vn (vn:operand-vns vn) ) (then 

(vn.-eplice-vn pred-vn ueel-vn (list vn) ) ) 
(elae 

(pueh (vn:readlng-vna pred-vn) ueel-vn) 
(pueh (vn:operand-vna usei-vn) pred-vn) 
(push (vn:readlng-vna usel-vn) vn) 
(pueh (vn:operand-vna vn) usel-vn) ) ) ) ) 

0 ) ) 

(vn:height 
(vn:depth 

vn) 
vn) ) ) ) 

PS:<C.S.BULLDOG.LIST-SCHEDULER.TEST>BUG-DEFS-
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•* 
** (BUG.DEF-VN:MAXE-DEF1S VN) 
»* 
*• VN Is a DEF. DEFla are ineerted between the DEF and all its readera. 
•* picking likely locatlona (register banks or constant generators) 
** and assigning then to the DEFls. 
** 
•* Each reader of the DEF ls considered in turn, and a good location 
** for that reader ia chosen. Then all the readera with the same 
*• location are grouped togethor, and a single DEFI for that location 
** la spliced between the DEF and the group of readers. 

(defun bug.def-vn:nake-defls ( vn ) 
(let ( (ae-table () ) 

(all-reading-vns 
(append (bug.height-sort-vns (vn:reading-vna vn 

(vn:off-llve-readlng-vn8 vn) ) ) 
(nunber-readlng-vna 

(length (vn:reading-vna vn) ) ) ) 

) ) 

;*** Pick good locatlona for the DEF by picking a good location 
;•** that each of the readera would prefer. Keep a table 
;*** that groupa all the readera of a preferred ME together. 
;*•* Aa locations are picked, keep track of the nunber of 
;*•* registers left ln reglater banks. We have to treat 
;*** off-live readere alnost like nornal readers, because 
;*•• they need locations for the DEF as well. 
;*** 

(loop (for readlng-vn ln all-readlng-vns) 
(Incr 1 fron 1) 
(bind readlng-vn? (<= 1 nuaber-reading-vns) 

ne (bug.def-vn:readlng-vn:chooae-ne 
vn 
(lf readlng-vn? readlng-vn () ) ) ) 

(do 
(if (! (nenq ae (vn:likely-nes vn) ) ) (then 

(puah (vn:Hkely-Bes vn) ne) 
(caseq (ne:type ne) 

(register-bank 
(:= (ne:regletera-left ne) (- ftftft 1) ) ) 

(constant-generator 
(cycle:resource-request:schedule 

(cycle:resource-requeBt:first-available-cycle 
0 (ae:resources ne) ) 

(ne resources ne) ) ) 
(t 

(error (list ne "Case error.") ) ) ) ) ) 

(let ( (ne-entry (assoc ne ne-table) ) ) 
(lf (! ne-entry) (then 

(:= ne-entry '(.ne ( ) ( ) ) ) 
(push ne-table ne-entry) ) ) 

(lf readlng-vn? (then 
(push (cadr ne-entry) readlng-vn) ) 

(elae 
(puah (caddr ne-entry) readlng-vn) ) ) ) ) ) 

;»** Now for each assigned location of the DEF, we have 
;••» a group of readera. Insert a DEFI between the DEF and 

4 
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;*»* readera. 

(loop (for (ne readlng-vns off-llve-readlng-vna) ln ne-table) 
(bind (() register) (assoc ne (vn:locations vn) ) ) 
(bind defl-vn (vn:create (vn:new 

type 'defl 
nane (vn:nane vn) 
conatant? (vn:constant? vn) 
datatype (vn:datatype vn) 
bug-cycle (vn:bug-cycle vn) 
height (vn:height vn) 
depth (vn:depth vn) 
likely-nes '(,ne) 
ne ne) ) ) 

(do 
(if register (then 

(:= (vn:reglster-bank-ne defl-vn) ae) 
(: = (vn:regl3ter defl-vn) register) ) ) 

(vn:spllce-vn vn defl-vn readlng-vns off-llve-reading-vns) ) ) 
0 ) ) 

; » * * = = = = = = = = = = = = = = = = = = = = = = 3 3 = = = = = = = = = = = = = = = 3 3 = = = = = = = = = = = = 3 3 3 S 3 = = = = = = = = 3 3 3 3 : 

;*•* 
;•** (BUG.DEF-VN:READING-VN:CHOOSE-ME VN READING-VN) 
;**• 
;*** Chooses a good location for VN. a DEF, to be read by one Its children, 
;•** READING-VN. The choice ls aade depending on whether or not the DEF 
;•** 1B a constant or variable, and whether or not we are allowed to nake 
;**• up new locatlona for the DEF or aust stick with the locations given. 
;*** 
;••*======_=__============================================== 

(defun bug.def-vn:readlng-vn:choose-ne ( vn readlng-vn ) 
(lf (vn:constant? vn) (then 

( l f »ls.new-defs-allowed?» (then 
(bug.def-open-conatant-vn:readlng-vn:chooae-ne vn reading-vn) ) 

(else 
(bug.def-closed-conatant-vn:readlng-vn:choose-ae vn readlng-vn)))) 

(else 
(lf (ftft »ls.new-defs-allowed?» 

(== (dag.nane:trace-write-count (vn:nane vn) ) 0) ) 
(then 

(bug.def-open-var-vn:readl-g-vn:choose-ae vn readlng-vn) ) 
(else 

(bug.def-cloaed-var-vn:readlng-vn:chooae-ne vn readlng-vn)))))) 

; • » » = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = 3 = 3 = = = = = = = = = = 

;**• 
;»** (BUa.DEF-CP_J<-C0NSTANT-VN:READINa-VN:CHOOSE-MR VN READING-VN) 
;*** 
;*** VN ls a constant DEF for which we are allowed to nake up new 
;*** locations. If the constant la lnnedlate and we're supposed to load 
;*«* lnnedlatea fron constant generators, then ve look for the closest 
;••* such generator. Otherwise, ve treat the DEF just as lf It were a 
;•** register, assigning It a register location. 
:*•* 
; •••====-ng===---c--gs-=====--an-g-a=----aoaa-=a====gg====----==-=========== 

(defun bug.def-open-constant-vn:reading-vn:choose-ne ( vn readlng-vn ) 
(let ( (nea (conatant:conatant-generator-nes (vn:nnae vn) ) ) ) 

(lf (ftft nea 

5 
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(33 »load »ls . lanedla te-conatant-act ion») ) 
(then 

(car (bug.def-constant-vn:readlng-vn:be8t-cg-neftcycle 
vn readlng-vn) ) ) 

(elae 
(bug.def-open-var-vn:readlng-vn:choose-ae vn readlng-vn) ) ) ) ) 

; * * » 3 = = = = = = = = = = = = = = = = = = 3 = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = 

;*•* 
;**» (BUG.DEF-CLOSED-CONSTANT-VN:READING-VN:CH00SE-ME VN READING-VN) 
:*** 
;*** VN la a conatant DEF for which we are not allowed to aake up new locatlona. 
;*** We consider two options: 
;*** 
;•** l. Using an already assigned location. 
;*** 2. Using a constant generator. 
;*** 
;*»* We pick the one that la closest to READING-VN. preferring #1 over «2 if 
;*** there ls a choice (i.e. preferring a reglater bank over a conatant 
;«*• generator, hann). 
;*** 
; » » * = = = 3 3 3 3 3 = = = 3 = = = = = = 3 3 3 3 3 3 3 3 = = = = = = = = = = = = = = = = = = = = 3 3 = = = = = = = = = = 

(defun bug.def-cloaed-conatant-vn:readlng-vn:chooae-ne ( vn readlng-vn ) 
(let*( (deat-ne (bug.vn:dest-ne readlng-vn) ) 

(beat-delay 100000) 
(beat-ne () ) ) 

(loop (for (ae register) ln (vn:locations vn) ) 
(bind delay (ae:ne:delay ae deat-ae) ) 
(when (II (== ne dest-ne) 

(< delay best-delay) ) ) 
(do 

(:- best-delay delay) 
(:= best-ae ae) ) ) 

(let ( ( (best-cg-ae best-cg-delay) 
(bug.def-constant-vn:reading-vn:best-cg-ne*cycle 

vn readlng-vn) ) ) 
(lf (ftft best-cg-ae 

(< best-cg-delay beat-delay) ) 
(then 

(:= best-ne best-cg-ae) ) ) ) 

(asser t best-ae 
(h vn) t (h readlng-vn) 
"BUG.DEF-CLOSED-CONSTANT-VN:READIN0-VN:CH00SE-ME: Wasn't able " 
"to find a register or constant generator for VNI") 

best-ae) ) 

(defun bug.def-constant-vn:readlng-vn:beat-cg-neftcycle 
( vn readlng-vn ) 

(let ( (dest-ne (bug.vn:dest-aa readlng-vn) ) ) 

(loop (for ae ln (constant:constant-generator-nea (vn:nane vn) ) ) 
(bind cycle (• (cycle:resource-requeat:first-available-cycle 

0 
(ne:resources ne) ) 
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(ne:ae:delay ae dest-ne) ) ) 

(nlnlalze *(,ne .cycle) cycle) ) ) ) 

»»» 
»** (BUG.DEF-OPEN-VAR-VN:READING-VN:CH00SE-ME VN READING-VN) 
>«* (BUG.DEF-CLOSED-VAR-VN:READING-VN:CH00SE-ME VN READING-VN) 
>** 
»*• VN la a DEF of a variable. These two functions pick a good register 
>•• bank location for it, the foraer considering any register bank, the 
>** latter considering only register banks already assigned to the VN. 
»*• 
> • • = = = _ = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = 

(defun bug.def-open-var-vn:readlng-vn:chooae-ne ( vn readlng-vn ) 
(bug.def-var-vn:reading-vn:choose-ae 

vn 
readlng-vn 
»lB.reglster-bank-nee») ) 

(defun bug.def-cloeed-var-vn:readlng-vn:chooBe-ne ( vn readlng-vn ) 
(bug.def-var-vn:readlng-vn :choose-ne 

vn 
readlng-vn 
(lf readlng-vn 

(vn:likely-nes vn) 
»ls.reglBter-bank-nes») ) ) 

;*** 
;*•• It's possible to have a closed VN (a variable written 
;*•» on the trace) that isn't aaalgned any likely ME at 
;**• thia point. Thia only occura lf READING-VN ls (), 
;*** that la, lf VN doesn't have any readera, Juat off-live 
;»*• readera. 

• • = = = = = = 3 3 = 3 = = = = = = = = = 3 = = = = = = = = = = = = = = = = = = = = = ======== 

*• 
*• (BUG .DEF-VAR-VN : READING-VN :CHOOSE-ME VN READING-VN FEASIBLE-MES) 
** 
•• VN is a DEF of a variable. Chooses a good register bank location 
** for It fron FEASIBLE-MES. a list of register banka. We first find 
*• the register banks capable of holding VN that are closest to 
»* READING-VN. Then of those, ve find the ones that conflict least 
»* with the other operands of READING-VN that already have locatlona. 
*• Then lf there la still a choice left, ve prefer a register bank that 
*• Is either Identical vlth the destination of READING-VN (lf It ls 
•* a USEl) or one that ls already assigned to VN. 
** 
» * = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = S 

(defun bug.def-var-vn:readlng-vn:choose-ne ( vn readlng-vn feaslble-ses ) 
(let*( (deat-ae 

(bug.vn:deat-ae readlng-vn) ) 

(close-nes 
(loop (for ne ln feasible-aes) 

(when (|| (nenq ne (vn:likely-nea vn) ) 
(> (ne:registers-left ne) 0) ) ) 

(bind delay (ae:ne:delay ae dest-ne) ) 
(save-nlnlnuns ne delay) ) ) 

(leaat-confllctlng-nes 

(if (i reading-vn) (then 
close-sea) 

(elee 
(loop (for ae ln close-aee) (aave-alnlnuna 

ae 
(bug.vn:ne:register-conflicts readlng-vn ae) ) ) ) ) ) 

(best-ne 
(lf (aeaq dest-ae leaat-confllctlng-nes) (then 

dest-ne) 
(elae 

(lf-let ( (connon-nee (intereectlonq least-confllcting-nea 
(vn:likely-nes vn)))>~-~ 

(car connon-nes) 
(car leaat-confllctlng-aea) ) ) ) ) ) 

(assert beat-ae 
(h vn) t (h readlng-vn) t 
"BUG.DEF-VAR-VN:READING-VN:CH00SE-ME: Wasn't able to " 
" find a close register bank!") 

best-ne) ) 

(BUG.VN:DEST-ME VN) 

Returns the destination ME that an operand of VN needs to deliver lta 
result to. The ME depends on the type of VN: 

OPERATION: the functional unit asslged to the VN. 
COPY: wherever the nax height reader of VN wants its value. 
USEl: any reglater bank assigned to the use. 

Returning () neane that we don't have any particular preference for a 
a destination ME; this should only occur if VN ls a USEl and doesn't have 
a required location. VN nay be (), ln which case the result la 

o. 

(defun bug.vn:deat-ne ( vn ) 
(ftft vn 

(caseq (vn:type vn) 
(operation 

(vn:ae vn) ) 
(copy 

(bug.vn:dest-ne (loop (for readlng-vn ln (vn:readlng-vns vn) ) 
(naxlnlze readlng-vn 

(vn:height readlng-vn))))) 
(usel 

(car (vn:likely-nes vn) ) ) 
(use 

(car (vn:likely-nes vn) ) ) 
(t 

(error (list vn "BUG.VN:DEST-ME") ) ) ) ) ) 

; • • • = = = = = = = = = = = = = = = = = = = = = : 
;••• 
;»*• (BUG.VN:ME:REGISTER-CONFLICTS VN ME) 
;**• 

7 8 
PS : <C. S. BULLDOG. LIST-SCHEDULER. TEST>BUG-DEFS-USES. LSP. 57 



'1 1 

;**» Atteapta to detemlne whether by using ME (a reglater bank) aa a 
;*** location for one of the as-yet unasslgned operands of VN, that will 
;*** conflict with the already assigned operands. In general, an 
;»** assignnent of register banks to the operands of VN conflicts lf It 
;»** is not possible to read all the operands froa the reglater banks 
;*** ln the aane cycle (e.g. becauae there are not enough register porta). 
;*»* 
;•** Currently, wa assuae that the only possible resource that could cauae 
;*•• conflict 1B the nunber of available ports (i.e. all porta of of a 
;*•* bank are connected to the Identical set of destinations). So checking 
;»*• to see lf ME conflicts with previously assigned opérande ls nerely 
;»*» a natter of counting the nunber of ME ports required by all the 
;*** operands. 
;*** 
;**• Eventually, we night also consider conflict of ME:ME:RESOURCES as 
;*** well. 
;*** 
;*** Returns 1 lf there ls conflict, 0 lf not (so we can add the« up?). 
;*** 

(defun bug.vn:ne:register-confllcta ( vn ae ) 
(let ( (requlred-porta 

(loop (for operand-vn ln (vn:operand-vna vn) ) 
(when (ftft (!-- 'def (vn:type operand-vn) ) 

(== ne (car (vn:likely-nes vn) ) ) ) ) 
(reduce M l ) ) ) ) 

(lf (> requlred-porta (ae:read-porta ae) ) 

0) ) ) 
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;*•* — ~ ™ ™ — ~ —— - — ******** 
;*** Copyright (C) 1083 John R. Ellis. Thia file nay be used for ******** 
;*** educational and research purposea only, by the faculty, students, ******** 
;*** and staff of Yale University only. ******** 

(:- »ls.build-aodule-llBt« '( 

list-scheduler :resource 
list-scheduler:nachlne-nodel 
list-scheduler :ahorteat-path 

list-scheduler:vn 
Hst-scheduler : dag 
list-scheduler : heights-depths 

list-scheduler : bug 
ll8t-scheduler:bug-def8-useB 

1ist-acheduler: scheduler 
llat-acheduler:ech-operation 
Hat-scheduler : ach-copy 
1ist-acheduler:ach-apllta-J olns 
list-scheduler : registers 

Hat-scheduler :aia-to-ell 
Hat-Bcheduler : Blnulator 
llat-acheduler:laex-optlons 
llat-acheduler:laex 
) ) 

(:- »bulld-aodule-llat* (append »bulld-nodule-llst* *lB.build-aodule-list*) ) 

1 
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;**• ******** 
;*•* Copyright (C) 1888 John R. Ellis. Thia file aay be used for ••**•*** 
;»*« educational and research purposes only, by the faculty, studenta, ****••*• 
;*** and ataff of Yale University only. ******** 

;*** Build the latest version of the list-scheduling conpiler. 

;•*• 

(renprop 'loop 'bulld-lnforaatlon) ;*** Get rid of Yale Loop Info. 

(:- »bulld-nodule-list* () ) 
(load 'utilities : build) ;**• Thia nust go first. 
(load 'interpreter:build) 
(load *trace:bulld) 
(load 'dlophantine:build) 
(load 'flow-analysis:build) 
(load 'experlaents:build) 
(load 'll8t-acheduler:build) 

(build) 

(load 'Hat-scheduler:ell-aodel) 

1 
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* * * — - — ~ _-__ __ * * ****** 
•** Copyright (c) 1088 John R. Ellis. This file aay be used for ******** 
*** educational and research purposes only, by the faculty, students. **•***»» 
*** and staff of Yale University only. ******** 
*** __________ ___ _ ******** 

DAG Making 

Thia aodule constructs a dag of VNa froa the trace. 

(DAG.INITIALIZE) 
Initializes this aodule. 

(DAG.MAKE LIVE-BEFORE SOURCE-RECORD-LIST LIVE-AFTER) 
Constructs a dag of VNs froa thia infornation (paraaetere identical 
ln neaalng to those of GENERATE-CODE). 

•LS.ENTRY-VMS» 
•LS.EXIT-VNS* 

Lists of all VNa with no predecessors and no successors. 
respectively, of any kind. 

•LS.NEW-DEFS-ALLOWED?» 
True lf on thia trace ve are allowed to nake up new locatlona for 
DEFa (that la. lf we weren't given any DEF at the beginning of the 
trace or lf thia trace le not the beginning trace of a prograa.) 

»LS.LOOP-TRACE?» 
True lf this trace beglna with a LOOP-START and ende with a 
TRACE-FENCE paeudo-op. Indicating the trace Is a body of a loop 
(hack hack). 

(DAG.NAME:TRACE-WRITE-COUNT NAME) 
Returns the nunber of tines NAME was written by an operation on the 
trace. 

(DAG.NAME:USE-VN NAME) 
Returns a USE VN of the given NAHE lf such a VN exists, () otherwise. 

(DAG.SET-COUNTS) 
Sets the predeceBBora-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 
acheduled, given the CYCLE of Its constraining predecessor, the 
predecessor's delay PD, the succeesor's delay SD, and the constraining 
delay betven then CD. The result cycle ls defined as: 

MAX( CYCLE • PD - SD • CD, CYCLE • CD ) 

This guarrantees that the first cycle of the successor nust be at 
leaet CD cycles after the first cycle of the predecessor, and the 
last cycle of the successor at least CD cycles after the laat cycle 
of the predeceaaor. These requlrenents arise fron the nature of 
partial schedules — a write of a variable aust not allowed to be 
copied up Into a rejoin above a predecessor read of the saae variable 
that la In the rejolon partial schedule (an analagous situation holds 
for apllta). 

(CYCLE:DELATS:CONSTRAINING-CYCLE CYCLE PD SD CD) 
Returns the cycle that a constraining predeceaaor can latest be 
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scheduled given the CYCLE of lta constrained successor, the delay 
of the predecessor, the delay of the euccessor, and the constraining 
delay between then. 

(eval-when (conplle load) 
(Include Hat-scheduler declarations) ) 

(declare (special 
*dag.naae:vn» ;»** Hash table napping naaes to the nost recent 

;»** VN containing that nane. Uses EQUALT so 
;*** that nuabers are considered equal only if they 
;**• are of the saae type. 

»dag.nane:vrite-count* 
;*»* Hash table napping nanes to the nunber of tines 
;**• they vere written on the trace. 

»dag.nane:locations* 
;*** Hash table aapping nanes to locations given In 
;**• a DEF pseudo-op at the beginning of the trace. 

»dag.naae:uae-vn* ;•*• Hash table aapping naaes to USE VNs. 

»dag.live-before* ;»** The live-before variables. 
»dag.llve-after-conatants* 

;*** Constanta read on the trace which we want to 
;*** treat aa live-after. 

»dag.loop-start?» ;»»* True lf this trace contains a LOOP-START? 

»dag.use?» 
) ) 

;»*• True lf we eav a non-eapty USE. 

(defun dag.Initialize () 
= »lB.entry-vna» 
= »la.exit-vna» 
• »la.nev-defa-alloved?* 
= »Is.loop-trace?» 
- »dag.nane:vn» 
= »dag.nane:vrlte-count* 
= *dag.naae:locatlona* 
= »dag.live-before* 
- »dag.live-after-conatanta* 
- »dag.loop-start?» 
- »dag.use?» 

0 ) 

(defun dag.nake ( live-before aource-record-llst live-after ) 
(dag.Initialize) 
(start-trace) 

(:= *dag.naae:vn* 
(:= »dag.naae:uae-vn* 

(haah-table:create 'equalt 
(haah-table:create 'equalt 

(:~ »dag.naae:wrlte-count* (hash-table:create 
(: 
(:= 

»dag.naae:locatlona* 
»dag.live-before* 

(hash-table : create 
live-before) 

0 
'equalt 

) ) 
) ) 

0 0) ) 
()())) 

;*** Make VNs for the trace operations. 
;*•• 

(loop (for source-record ln source-record-list) (do 
(dag.source-record:create-vn source-record) ) ) 
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;»** Make VNs for the live after variables and constants, including 
;*** the constanta read on the trace lf there isn't a non-eapty 
;**• USE at the end. 
;•** 

(lf (I »dag.uae?*) (then 
(:= live-after (unlonq ftftft »dag.live-after-constants») ) ) ) 

(loop (for nane ln live-after) 
(when (!== 'Itrace naae) ) 

(do 
(dag.Hve-nane:create-uee nane) ) ) 

;*•* Set the aucceaaor fielda of the VNa. 
;*** 

(dag.eet-aucceaaor-vns) 

;*** Delete dead and useless VNs. 
;••* 

(dag.reaove-de ad-vna) 

;*** Gather the lists of entry and exit VNa. 
;*** 

(loop (for-each-vn vn) (do 
(if (ftft (I (vn: oper and-vna vn) ) 

(l (vn:constraining-vns vn) ) ) 
(then 

(puah »ls.entry-vns» vn) ) ) 

(If (ftft (! (vn:readlng-vns vn) ) 
(l (vn:constrained-vna vn) ) ) 

(then 
(puah »la.exlt-vna» vn) ) ) ) ) 

0 ) 

(DAO.SOURCE-RECORD :CREATE-VN 
(OPER TRACE-DIRECTION DATUM OFF-LIVE) ) 

Proeeaaee one source-record fron the trace, creating an OPER, DEF, 
or, USE VN for that record. 

(defun dag.Bource-record:create-vn ( source-record ) 
(let*( ( (oper trace-direction datun off-live) 

source-record) 
( operator (oper:operator oper) ) 
( group (oper:group oper) ) ) 

(? ;»•• A DEFT 
;•** 

( (=- 'def operator) 
(loop (for (naae ae register) ln (oper:part oper 'body) ) 

(when (!== 'Xtrace naae) ) 
(do 

(:= »la.new-defe-allowed?» () ) 
(push ([]h »dag.nane:locations» nane) 

'(.(nana: ne ne) .register) ) ) ) ) 

;**» A USE? 
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:••• 
( (== 'use operator) 
(loop (for use-spec ln (oper:part oper 'body) ) 

(vhen (!== 'Strace (car nee-spec) ) ) 
(do 

(:- »dag.use?» t) 
(dag.use-spec:ereate-use uae-apec) ) ) ) 

;••• A DEF-BLOCK? 
;••» 

( (== 'def-block operator) 
(:= »ls.new-defa-allowed?» () ) 
(dag.source-record:create-pseudo-op source-record) ) 

;••• A LOOP-START? 
:*•* 

( (== 'loop-start operator) 
(:= »dag.loop-start?» t) 
(predecessors oper trace-direction 0 ) ) 

;••• A TRACE-FENCE? 
;•»* 

( (== 'trace-fence operator) 
(:= »le.loop-trace?» »dag.loop-start?*) 
(predecessors oper trace-direction () ) ) 

;**• An IN-PARAMETER? 
;*•* 

( (-- 'ln-paraaeter group) 
(dag.eource-record:create-ln-paraaeter aource-record) ) 

;•»* An OUT-PARAMETER? 
;*•* 

( (== 'out-paraaeter group) 
(dag.source-record:create-out-paraneter source-record) ) 

;•** Sone randoa paeudo op? 
;••» 

( (oper: property? oper "paeudo-op) 
(lf (nenq operator '(def-block del esc assert) ) 
(then 

(dag.source-record:create-pseudo-op source-record) ) 
(else 

(predecessors oper trace-direction ( ) ) ) ) ) 

;*•* An "real* nornal operation. 
;*»» 

( t 
(dag.source-record:create-operatlon source-record) ) ) 

0 ) ) 

(DAG.SOURCE-RECORD :CREATE-PSEUDO-OP 
(OPER TRACE-DIRECTION DATUM OFF-LIVE) ) 

Proceeees one pseudo-operation source-record froa the trace, naking 
a PSEUDO-OP VN for that record. 



(defun dag.source-record :cre ate-ps e udo-op 
( (oper trace-direction datun off-live) ) 

(let ( (vn (vn:create (vn:nev 
type 'paeudo-op 
oper oper 
datun datun) ) ) ) 

(predecessors oper trace-direction vn) 
vn) ) 

; » • • = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = : 
:**• 
;*•* (DAG.SOURCE-RECORD:CREATE-IN-PARAMETER 
;**» (OPER TRACE-DIRECTION DATUM OFF-LIVE) ) 
;**• 
;*** Proceases an xIN operation repreaenting an input paraneter by generating 
;»** an FPLOAD that reada in the operand. 
;•»• 
; •* • = = = = = = = = = = = _ = = _ = = = = _ = = = = = = = = = 3 3 = = = = = = = = = = = = = = = = = = = : 

(defun dag.source-record :create-in-paraneter 
( (oper trace-direction datun off-live) ) 

(lf (> (naae:rank (oper:part oper "written) ) 0) (then 
0 ) 

(elae 
( let*( (datatype (oper:dest-datatype oper) ) 

(written (oper:part oper 'written) ) 
(addreaa-vn (dag.operand:vn '(addreea .written) ) ) 
(load-op (caaeq datatype 

(f loat 'fpload) 
(integer 'lpload) ) ) 

(vn (vn:create (vn:nev 
type 'operation 
nane written 
oper '(.load-op () () ) 
ope rand-vna *(,addreas-vn) 
datun datun) ) ) ) 

(:= ([]h *dag.aana:vn* written) vn) 
vn) ) ) ) 

; » » » = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = r 
;*•• 
;•»* (DAG.SOURCE-RECORD :CREATE-OUT-PARAMETER 
;*** (OPER TRACE-DIRECTION DATUM OFF-LIVE) ) 
;*«• 
;•»* Processes an xOUT operation repreaenting an output paraneter by 
;••• generating an FPSTQRB that stores the operand. 
;*•• 
; * * * = = = = = = = = = = = 3 S = = 3 S = = = S = = K = = = = 3 = = = = = = = = = = = 3 = 3 = = = = 3 3 = = = = = = 3 3 = = = = = = = = = = = = = : 

(defun dag.eource-record:create-out-paraneter 
( (oper trace-direction datun off-live) ) 

(lf (> (naae:rank (oper:part oper 'readl) ) 0) (then 
0 ) 

(else 
( let»( (datatype (oper:deat-datatype oper) ) 

(readl (oper:part oper 'readl) ) 
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(addreaa-vn (dag.operand:vn '(address .readl) ) ) 
(read-vn (dag.operand:vn readl) ) 
(store-op (caseq datatype 

(float 'fpstore) 
(integer "lpstore) ) ) 

(vn (vn:create (vn:new 
type 'operation 
oper '(.store-op () () ) 
operand-vne '(.addreas-vn .read-vn) 
datun datun) ) ) ) 

(assert read-vn "DAG: Operand doesn't have a VN.") 
vn) ) > ) 

(DAG.SOURCE-RECORD :CREATE-OPERATION 
(OPER TRACE-DIRECTION DATUM OFF-LIVE) ) 

Processes one operation eource-record froa the trace, naking an 
OPERATION VN for that record. 

(de fun dag.eource-record:create-operatlon 
( (oper trace-direction datun off-live) ) 

(let*( (vn (vn:create (vn:new 
type (lf (nenq (oper:operator oper) 

'(lasslgn fassign vbase lconatant 
fconatant) ) 

•copy 
•operation) 

datun datun 
nane (lf (== 'vstore (oper:group oper) ) 

(oper:part oper 'written) ) 
oper oper) ) ) 

(pred-llet (predecessors oper trace-direction vn) ) ) 

;*** Construct the operands read by this operation. 
;••• 

(:= (vn:operand-vne vn) (dag.oper:operand-vas oper) ) 

;»** Construct the scheduling constraints. 
;•»* 

(let ( ( (vns delays) 
(dag.pred-ll8t:conatralnlng-vnaftdelaya pred-list) ) ) 

(:= (vn:constraining-vns vn) vns) 
(:= (vn:conatralnlng-delays vn) délaye) ) 

;*•• Construct the list of off-live vns. 
; • • • 

(:= (vn:off-llve-vns vn) 
(loop (for nane in of f - l ive) 

(when (!== 'Strace naae) ) 
(bind off- l lve-vn (dag.operand:vn nane) ) 

(save off-llve-vn) ) ) 

;**• If this VN writes a value, then record the VN under 
;*** the variable naae written. 
;•»• 

(if (vn:naae vn) (then 
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(:= ([]h «dag.naae:vn» (vn:nane vn) ) vn) 
(:= ([]h »dag.nane:write-count» (vn:naae vn) ) 

(• I ftftft) ) ) ) 
0 ) ) 

; » » * = = = = = = = = = = _ = = = = = = = = = = = = = = = = = = = = = = 3 = 3 3 3 3 = = = 3 = = 3 3 3 = : 

:**» 
; » * » (DAG.OPER:OPERAND-VNS OPER) 
;*** 
;••• Returns the list of operand VNa read by OPER. 
;•** 
; * * * = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = 3 3 = = 

(defun dag.oper:operand-vns ( oper ) 
(caseq (oper:operator oper) 

( Upload fpload) 
'(.(dag.operand:vn (oper:part oper 'index) ) ) ) 

( (lpatore fpatore) 
'(,(dag.operand:vn (oper:part oper 'Index) ) 
.(dag.operand:vn (oper:part oper 'value) ) ) ) 

( (lvload fvload) 
'(.(dag.operand:vn "(vbase ,(oper:part oper 'vector) ) ) 
,(dag.operand:vn (oper:part oper 'index) ) ) ) 

( (lvatore fvatore) 
"(.(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) ) ) ) ) 

(loop (for operand ln (oper:part oper 'read) ) (aave 
(dag.operand:vn operand) ) ) ) ) ) 

; * * * = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = 3 = = = = = : 

;••» 
;**• (DAG.OPERAND:VN OPERAND) 
;••• 
;*** Returns the VN corraapondlng to OPERAND, vhlch ls either a variable 
;*** or a conatant. If a previous VN for the variable or conatant exista, 
;•*• It la returned. Otherwise, one ls created. 
;»•• 
; * » * = = = _ _ _ = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = -
(defun dag.operand:vn ( operand ) 

(lf-let ( (vn ([]h »dag.nane:vn* operand) ) ) (then 
vn) 

(elae 
(lf (lltatoa operand) (then 

(assert (nenq operand »dag.live-before») 
(h operand) • DAG: Naae not nentioned in LIVE-BEFORE list.1) 

(:= (•_ «dag.aane:vn* operand) 
(vn:create (vn:new 

type 'def 
nana operand 
locatlona ([]_ »dag.nane:locatlona» operand) ) ) ) ) 

(else 
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(dag.conatant:create—vn operand) ) ) ) ) ) 

(DAG.CONSTANT :CREATE-VN CONSTANT) 

Createa a nev VN for a constant (we know there Isn't currently one). 

(defun dag.constant:ereate-vn ( conatant ) 
(let ( (datatype (caseq (typep conatant) 

( (double flonun) 'float) 
( t 'Integer) ) ) 

(locatlona ([]h »dag.naae:locatlona* constant) ) 
(laaedlate? (conatant:conatant-generator-nes constant) ) ) 

;**» If desired, add this constant to the live-after list of 
;*** variables to cause it to be retained for the whole trace. 
;••* 

(lf (lf lanedlate? 
(== 'retalned-reglster »ls.laaedlate-conatant-action*) 
(s3 'retalned-reglater »ls.neuory-conatant-actlon») ) 

(then 
(lf (for-every (x ln »dag.Hve-after-conatants») 

(I (equalt x conatant) ) ) 
(then 

(push »dag.llve-after-conatanta» conatant) ) ) ) ) 

(? ;*»* Any locatlona for the conatant given ln the DEF at 
;*** the beginning of the trace? If so. uaa then. 
;*** 

( locations 
(:= ([]h »dag.nane:vn» conatant) 

(vn:create (vn:nev 
type 'def 
conatant? t 
nana conatant 
locations locations) ) ) ) 

;»** No constant generator can aake this constant and 
;**• ve're not allowed to aake up nev DEF locations? Make 
;**• an xPLOAD of the constant fron neaory. 
;••» 

( (ftft (II (I »ls.nav-defs-allovad?») 
(== 'load »ls.aenory-constant-actlon») ) 

(! lanedlate?) ) 
(let ( (address-vn (dag.operand:vn '(address .constant) ) ) 

(load-op (caseq datatype 
(float 'fpload) 
(integer 'lpload) ) ) ) 

(:= ([]h »dag.nane:vn» constant) 
(vn:create (vn:nev 

type 'operation 
nane constant 
oper '(.load-op () () ) 
operand-vns '(,address-vn) ) ) ) ) ) 

;**• Just nake a nornal constant VN. 
;*** 

( t 
(:= ([]- »dag.nane:vn» conatant) 
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(vn:create (vn:nev 
type 'def 
constant? t 
naae constant) ) ) ) ) ) ) 

(DAG.LIVE-NAME:CREATE-USE NAME) 

Makes a USE VN for a nane that is live on exit froa the trace. A 
USE VN nay already exiet for NAME, created by a USE on the trace. 

(defun dag.llve-naae:create-uae ( naae ) 
(lf-let ( (vn ([]h »dag.nane:use-vn» nane) ) ) (then 

vn) 
(else 

(:= ([]h »dag.nane:use-vn* naae) 
(vn:create (vn:nev 

type "use 
nane naae 
operand-vns '(.(dag.operand:vn naae) ) ) ) ) ) ) ) 

;••• 
;•*• (DAG.USE-SPEC:CREATE-USE (NAME ME REGISTER) ) 
;**• 
;*** The llBt (NAME ME REGISTER) occurred ln a USE ln the trace. A USE 
;»** VN for NAME la created lf one doesn't exist for it already, and It 
;»»* la updated by the apecifled value location. 
;*•• 
; » » » _ = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = S = = = = = 3 = C 3 = = S = = = = = = = = = = = = = 

(defun dag.uee-8pec:create-uaa ( (naae ae reglater) ) 
(lf-let ( (vn ([]h »dag.naae:use-vn* nane) ) ) (then 

(pueh (vn:locatlona vn) '(,(nane:ne ae) .register) ) 
vn) 

(elae 
(:= ([]h »dag.nana :uee-vn* naae) 

(vn:create (vn:nev 
type 'use 
nane naae 
operand-vna '(,(dag.operand:vn nane) ) 
locations '( (.(nane:ne ne) .register) ) ) ) ) ) ) ) 

:**• 
;••• (DA0.PRED-LIST:CON8TRAININfl-VNS«DELAYS PRED-LIST) 
;*** 
;*»* PRED-LIST ia the reault returned by a call to PREDECESSORS that 
;*»* describee the predecessors of an operation. This returns the 
;*** VNs that constrain the scheduling of an operation (e.g. condltlonal-
;**» conflict VNs or wrlte-after-wrlte VNs); operand VNa are not Included. 
;••* 
;*** The result has the fora: 
;*** 
;**• (VNS DELAYS) 
;*** 
;»•• where VNS le a list of predecessor VNs and DELAYS is a correapondlng 
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1 1 
;»** Hat of nunbera aaylng hov euch later the current VN nuat be done 
;»»» after the predeceaaor VN. 
;••• 
; » « » = = = = 3 3 = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = _ = = ~ 

(defun dag.pred-list:constreining-vna*delaye ( pred-llat ) 
(loop (for (pred reason source-operand source-type pred-operand pred-type) 

ln pred-list) 
(initial vna () 

délaya () ) 
(do 

(caseq reason 
( (conditional-conflict possible-operand-conflict) 

(puah vna pred) 
(puah delays 1) ) 

(operand-conflict 
(?( (ftft (== 'written source-type) 

(== 'read pred-type) ) 
(puah vna pred) 
(pueh delays 0) ) 

( (ftft ( = 'written eource-type) 
( = 'written pred-type) ) 

(push vns pred; 
(push delays 1) ) 

( (ftft (== 'read eource-type) 
(== 'written pred-type) ) 

(let ( (pred-oper (vn:oper pred) ) ) 
(lf (ftft (oper:property? pred-oper 'vector-reference) 

(== (oper:part pred-oper 'vector) 
(nth-elt (cdr pred-oper) pred-operand))) 

(then 
(push vna pred) 
(puah délaye 1) ) ) ) ) ) ) 

(t 
(error (Hat pred-llat "DAG: Invalid pred-llat.") ) ) ) ) 

(reault 
•(.(dreverse vna) 
,(dreveree delays) ) ) ) ) 

(DAG.SET-SUCCESSOR-VNS) 

Sets the successor fields of each VN froa lta successors' predecessor 
fields: 

:READING-VNS fron :OPERAND-VNS 
:CONSTRAINED-VNS froa :CONSTRAINING-VNS 
:OFF-UVE-READINO-VNS fron : OFF-LIVE-VNS 

(defun dag .ee t -aucceaaor-vne () 

(loop (for-each-vn vn) (do 
(loop (for operand-vn ln (vn:operand-vna vn) ) (do 

(puah (vn:reading-vns operand-vn) vn) ) ) 
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(loop (for off-live-vn ln (vn:off-live-vna vn) ) (do 
(puah (vn:off-llve-reading-vna off-llve-vn) vn) ) ) 

(loop (for constralnlng-vn ln (vn:conatralnlng-vna vn) ) (do 
(puah (vn:constrained-vns constraining-vn) vn) ) ) 

0 ) ) 
(loop (for-each-vn vn) (do 

(: = (vn:readlng-vns vn) (dreverse ftftft) ) 
(:= (vn:constrained-vns vn) (dreverse ftftft) ) 
(:= (vn:off-llve-readlng-vns vn) (dreverse ftftft) ) ) ) 

0 ) 

(defun dag.nane:trace-wrlte-count ( naae ) 
([]h »dag.naae :vrlte-count* nane) ) 

(DAG.NAME:USE-VN NAME) 

(defun dag.naae:uae-vn ( naae ) 
([]h »dag.naae:uae-vn» naae) ) 

** 
•• (DAG.REMOVE-DEAD-VNS) 
*» 
** Rénoves dead code fron the DAG (excessive copying by the bookkeeper 
** can aake dead code). A VN la dead lf it hae no readere or off-live 
** readers, reaovlng a dead VN can aake its operands newly dead, eo 
** ve uae a standard iterative algoritha to rénove then all. 
»* 
• • = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = 3 = = = = = = = 

(defun dag.reaove-dead-vna () 
(let ( (to-do 

(loop (for-each-vn vn) 
(when (dag.vn:dead? vn) ) 

(aave vn) ) ) ) 

(loop (while to-do) 
(bind vn (pop to-do) 

operand-vns (vn:operand-vns vn) ) 
(do 

(vn:delete vn) 
(loop (for operand-vn ln operand-vns) 

(when (dag.vn:dead? operand-vn) ) 
(do 

(push to-do operand-vn) ) ) ) ) 

(loop (for-each-vn vn) (do 
(assert (I (d_g.vn:dead? vn) ) 
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0 ) ) 
(h vn) t "DAG: A dead VN la etill left.") ) ) 

(defun dag.vn:dead? ( vn ) 
(ftft (vn:naae vn) 

(nenq (vn:type vn) '(operation copy def) ) 
(I (vn:readlng-vns vn) ) 
(! (vn:off-llve-reading-vns vn) ) ) ) 

(DAG.SET-COUNTS) 

(defun dag.aet-counte () 
(loop (for-each-vn vn) (do 

(:= (vn:predecessora-left vn) 
(• (length (vn:operand-vns vn) ) 

(length (vn:conatralnlng-vna vn) ) ) ) 
(:= (vn:readere-left vn) 

(• (length (vn:readlng-vns vn) ) 
(length (vn:off-llve-reading-vna vn) ) ) ) ) ) 

0 ) 

* * = = = = - = _ = = = = = = = = = = = = = = = = = = = = = = = _ _ = = = = = = = = = = = = = = = = = = = = = = = 
** 
»* (DAG.PRINT [DEPTH-FIRST?]) 
** 
** Duupa out the dag ln pretty debugging fornat; lf DEPTH-FIRST? then 
** the dag ls printed out ln a depth-firat order. If DEPTH-FIRST? la a VN 
»* then only the VN and its deacendenta are printed. 
*• 
» « = 3 3 S = S S S S 3 3 S = S = = = = = = = = = = = = = = = = _ _ = = = = = = = = = = = = 3 S 3 3 3 3 = = = = = 

(declare (special 
»dag.vlslted-vns* 
) ) 

(defun dag.print (»optional depth-first?) 
(let ( (»dag.vlslted-vna* *vn-set.enpty-aet*) ) 

(lf depth-first? (then 
(lf (vn:ls depth-firat?) (then 

(dag.vn:depth-flret-print depth-first?) ) 
(else 

(loop (for vn in »ls.entry-vne») (do 
(dag.vn:depth-flrst-prlnt vn) ) ) ) ) ) 

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

(vn:print vn) ) ) ) ) 
0 ) ) 

(defun dag.vn:depth-flrat-print ( vn ) 
(lf (I (vn-aet:neaber? »dag.vlslted-vna* vn) ) (then 

(:- »dag.vlsited-vna* (vn-aet:unlonl ftftft vn) ) 

(vn:print vn) 
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1 
(loop (for readlng-vn ln (vn:reading-vna vn) ) (do 

(dag.vn:depth-flrBt-prlnt readlng-vn) ) ) 
0 ) ) I 

• ••================3============= ========33=333=3 333=33=31 
»** 
>*• (DAG. CHECK-CONSISTENCY) 
»*• 
»*• Checka to aake aura that the DAG le consistently constructed (all 
**• double linke properly naintalned. correct entrance and exit nodea, 
>*» etc). 
•** 
• ••====3=============== ====================== 333=33=3=======: 

(defun dag.eheck-conalstency () 
(loop (for vn ln »Is.entry-vna») (do 

(assert (ftft (== 'def (vn:type vn) ) 
(i (vn:operand-vns vn) ) 
(I (vn:constraining-vna vn) ) ) 

(h vn) ) ) ) 

(loop (for vn ln »la.exlt-vna») (do 
(asaert (ftft (II ( = 'uae (vn:tvpe vn) ) 

(I (vn:nane vn) ) ) 
(I (vn:readlng-vna vn) ) 
(! (vn:constrained-vn8 vn) ) ) 

(h vn) ) ) ) 

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

(lf (ftft (I (vn:operand-vns vn) ) 
(! (vn:conatralnlng-vna vn) ) ) 

(then 
(aaaert (ftft (aeaq vn »la.entry-vna») 

(ss >def (vn:type vn) ) ) 
(h vn) ) ) ) 

(loop (for operand-vn ln (vn:operand-vna vn) ) (do 
(asaert (nenq vn (vn:readlng-vns operand-vn) ) 

(h vn) t (h operand-vn) ) ) ) 

(loop (for conatralnlng-vn in (vn:constraining-vns vn) ) (do 
(assert (nenq vn (vn:constrained-vna conatralnlng-vn) ) 

(h vn) t (h conatralnlng-vn) ) ) ) 

(loop (for off-llve-vn ln (vn:operand-vns vn) ) (do 
(assart (nenq vn (vn:off-llve-readlng-vns off-llve-vn) ) 

(h vn) t (h off-llve-vn) ) ) ) 

(lf (ftft (I (vn:readlng-vns vn) ) 
(l (vn:constrained-vna vn) ) ) 

(then 
(assart (ftft (nenq vn »la.exlt-vna») 

(ss 'use (vn:type vn) ) ) 
(h vn) ) ) ) 

(loop (for readlng-vn ln (vn:reading-vna vn) ) (do 
(asaert (nenq vn (vn:operand-vns readlng-vn) ) 

(h vn) t (h readlng-vn) ) ) ) 

(loop (for conatrained-vn ln (vn:constrained-vna vn) ) (do 
(aseert (neaq vn (vn:conetralnlng-vna constrained-vn) ) 

(h vn) t (h conatrained-vn) ) ) ) 
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(loop (for off-llve-readlng-vn ln (vn:off-llve-readlng-vns vn) ) (do 
(asaert (neaq vn (vn:off-live-vna off-llve-readlng-vn) ) 

(h vn) t (h off-llve-readlng-vn) ) ) ) ) ) 

(CYCLE:DELAYS:CONSTRAINED-CYCLE CYCLE PD SD CD) 

(defun cycle : délaye:constrained-cycle ( cycle pd ed cd ) 
(• cycle (• cd (aax 0 (- pd ad) ) ) ) ) 

(CYCLE:DELAYS :CONSTRAINING-CYCLE CYCLE PD SD CD) 

(defun cycle:delaya:conatralnlng-cycla ( cycle pd ad cd ) 
(- cycle (• cd (aax 0 (- pd ad) ) ) ) ) 
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*•* Copyright (C) 1888 John R. Ellla. This file nay be uaed for •*»•»»*» 
»*» educational and reeearch purposes only, by the faculty, studente, •»»»*»•* 
*•* and ataff of Yale University only. ******** 

Thia file should be Included at conplle tine by all nodules of 
LIST-SCHEDULER. 

(declare (special 
»hash-table.not-found* 

;**• MACHINE-MODEL 
;•»* 

•Is.ne-universe* 
»ls.reglater-bank-nes* 
•ls.constant-gonerator-aes* 
•ls.functional-unlt-nea* 

;»•• VN 
;••• 

•la.vn-unlverse* 
*vn-set.enpty-eet* 

;••• DAG 
;*•• 

•Is.entry-vna* 
•le.exlt-vne* 
»la.new-defa-allowed?» 
•ls.loop-trace?* 

;••• SCHEDULER 
;•»• 

»ls.aax-achedule-aize» 
»Is.schedule* 
•ls.last-cycle* 
•la.cycle* 

;*** Options 
;»•• 

»Is.lsnedlate-constant-actlon* 
•1B.Boaory-eonatant-action» 
•Is.trace-lnforaation?» 
»la.tined-functlona» 
) ) 

(eval-when (coapile) 
(build '( 

utilities : visible-fields 
utilltlee: sharp-sharp 
utilities:bit-set 
utilities :obj ect-universe 
utilities:array 
utilltlee:loop-nln-nax 

Interpreter :naddr 

list-scheduler:nachlne-nodel 
list-scheduler:vn 
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PS :<C.S.BULLDOG.LIST-SCHEDULER.TEST>DECLARATIONS.LSP.18 


