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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.-) ) ) ) ) ) 

http://LSP.fi


(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) 

5 
PS :<C.S.BULLDOG.LIST-SCHEDULER.TEST>BUG.LSP.€ 

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) ) ) ) ) ) 

8 



'1 

*** _____ _•—__—_ __ ______ ******** 
«** 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) 
;**• 
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;**» 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) ) ) ) 

13 
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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) ) ) ) ) 

14 
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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 

1 2 
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—**** * *»» 
*** Copyright (C) 1083 John R. EJïia. Thia fila nay be need for *••**••» 
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•**- -••*»**•• 

The ELI nodel used by Rutt'a CO experiments. 

(alias ' " 'atoaconcat) 

(defnacro def-bua ( ael ae2 nuaber-of-values ) 
(let ( (reaource-naae (atoaconcat eel '<-> ne2) ) ) 

'(eval-when (eval load) 
(def-connection .eel ,ae2 ( (.reaource-naae) ) ) 
(def-connectlon ,ae2 ,ael ( (,reaource-naae) ) ) 
(def-reaource-claaa .reaource-naae ,nunber-of-valuea) ) ) ) 

(defun en.cluster ( 1 (unlque-nane unlque-fleide) ) 
(let ( (cl (atoaconcat 'c 1) ) 

(cl-3 (atonconcat 'c (aod (- 1 8) 8) ) ) 
(cl-l (atoaconcat *c (nod (- 1 1) 8) ) ) 
(cl-t-l (atoaconcat 'c (aod («• 1 1) 8) ) ) 
(cl+8 (atoaconcat *c (aod (• 1 3) 8) ) ) ) 

'( 

;*** Reglater bank C1R 
;••» 

(def-ne (naae 
(type 
(size 
(lnputa ( 

. (— ci T) ) 
reglater-bank) 
64) 

Cl-8 T) 
ci-1 
cl 
cl+1 
cH-S 
cl 
cl 
cl 
cl 

•r) 
•r) 
T) 
•r) 
•c) 
•a) 
"•) 
=) 

(read-ports 
(wrlte-porta 
(read-resources 
(wrlte-resourees 

(def-reeource-class ,("~ 
(def-reeource-class ,(~* 

.(If unique-naae 
•(,(** cl unlque-nane) ) 
0 ) ) ) 

B) 
8) 
( (.(— cl T-read) ) ) ) 
( (.(— cl T-vrlte) ) ) ) ) 
Cl T-read) 6) 
cl T-write) 8) 

;*»* Integer adder ci* 
;••• 

(def-ne (aane .(•— cl '•) ) 
(type functional-unit) 
(delay 0) 
(inputs (.(•"* cl 'r) 

, ( ~ cl -c) ) ) 
(reeourcea ( (,(*** cl '•) ) ) ) 
(operators (float fix lnot ldlv lanb leg lnax lain 

iadd meg lor Ige lit He lne lexp inul Igt 
land labs bltrev Hand llor) ) ) 

(def-reaource-claaa .(— cl '*•) 1) 

;**• Integer teeter Cl= 
;••• 

(def-ne (nane 
(type 
(delay 
(lnputa 

,<~ cl '=) ) 
functional-unit) 
0) 
(.(~ cl T) 
.(— cl -c) ) ) 

(resourcea ( (.("" cl '=)))) 
(operatora (lf-true if-falae lf-llt lf-lgt if-leq lf-lne 

lf-lle lf-lge lf-ieq lf-lne lf-ile lf-lge))) 
(def-reeource-claas .("" cl '=) 1) 

;••* Meaory C1M 
:*•• 

(def-ne (naae ,(~ cl 'n) ) 
(type functional-unit) 
(delay 8) 
(lnputa (.(— cl T) 

.(~ ci -c) ) ) 
(resources ( (,(— cl *a) ) ) ) 
(operatora (vbase lvload fvload lpload fpload lvatore 

fvatore ipatore fpstore) ) ) 
(def-reaource-claaa ,(— cl 'n) 1) 

;*•* Conatant generator C1C 
;••• 

(def-ne (naae ,(~* cl *c) ) 
(type constant-generator) 
(resources ( (,(~* Cl *c) ) ) ) 
(constraint-function en.lnnedlate-conatant?) ) 

(def-reaource-claaa .("" cl *c) 1) 

;*** Unique functional-unit 
;«»* 

., (lf unlque-nane (then 
*( (def-ne (naae ,(*- cl unlque-nane) ) 

(type functional-unit) 
(Inputs (.(~ cl T) 

.(- cl 'c) ) ) 
(resources ( (,("" cl unlque-nane) ) ) ) 
,,unique-fields) 

(def-resource-clasa .(— cl unlque-nane) 1) ) ) 
(elae 
0 ) ) 

;*«* Bua connectlone 
;••• 

(def-bus , ( — cl-S T ) . ( — cl T ) 1) 
(def-bus ,(*"* cl-l T ) ,<*-* cl 'r) 1) 
) ) ) 

(:= ei.floating-test 
'(f= 
( (delay 0) 

(operators (if-flt lf-fgt if-feq lf-fne lf-fle lf-fge 
fit fgt feq fne fie fge) ) ) ) ) 

1 2 
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1 
(:= ea.floatlng-aultiply 

'(f* 
( (delay S) 

(operators (faul laul) ) ) ) ) 

(:= ea.floatlng-add 
'(f 
( (delay 2) 
(operators (fsub fadd fneg fain faax fabs fdlv cos sin sqrt fit fgt 

feq fne fie fge freclp fraqrt) ) ) ) ) 

(defun en.lnnedlate-conatant? ( constant ) 
(?( (inunp constant) 

(ftft (< conatant 2047) 
(> conatant -2048) ) ) 

( (- 0 conatant) 
t) 

( (consp constant) 
(=s 'addrees (car conatant) ) ) 

( t 
0 ) ) ) 

(defun load-constant? ( constant ) 
(lf (en.lnnediate-conßtant? constant) (then 

(!== 'load »la.iBBediate-conatant-actlon») 
(else 

t) ) ) 

(eval '(def-nachlne-nodel 

,.(en.cluster 0 
.,(en.cluster 1 
.,(en.cluster 2 
,,(en.cluster 8 
,, (en.cluster 4 
,,(en.cluster 6 
,.(en.cluster 6 
,,(en.cluster 7 

) ) 

en.floating-add) 
en.floating-add) 
en.floatlng-aultiply) 
en.floating-add) 
en.floating-add) 
0 > 
en.floatlng-aultiply) 
ea.floatlng-add) 
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******** 
»*•*»*** »** Copyright (C) 1088 John R. Ellia. This file nay be uaad for 

**• educational and reaearch purpoaes only, by the faculty, students. »*•»»»»* 
»»• and staff of Yale University only. ******** 
» * » — ~ ~ _ — ___—___ .„-.* ******* 

GENERATE CODE BOOK 

This nodule provides a hook to save a snapshot of a trace and the 
disanbiguator infornation ln a file, ao that ve can excerclae the code 
generator without needing to run the whole conpiler. 

Load this file Into the conpiler running the Ideal code generator. 
The *TR.GENERATE-CODE-HOOK* will autoaatlcally be set. A breakpoint 
will occur during each trace. To save that trace in a file do: 

(SAVE-TRACE naae) 

A snapshot of the trace will be saved ln the file naae-n.TRACE, where "n" 
la the nunber of the trace. 

The file written looks like: 

(:= naae-n 
ayabol-table 
live-before 
source-record-list 
live-after 
predeceaflora-reaulta) 

where "live-before", "aource-record-llst". and "live-after" are the 
arguaenta to GENERATE-CODE, and "predecessors-results" la a list of 
the results of PREDECESSORS called on each of the operations in the 
trace ln turn (not including any DEFs or USEa); the datua handed to 
PREDECESSORS ls the Integer position of the operation ln the trace. 
"ayabol-table" la a Hat of tuplea of the fora: 

(aane datatype rank) 

This file can then be used later on with TEST-BED to ainulate the 
conpiler interface without needing the whole conpiler present. 

By setting the global •GCH.AUTOMATIC?« to sone nane XXX, then SAVE-TRACE 
vlll autoaatlcally be called with arguaent 'XXX on each trace. 

S=2_S3SS33SSS=====S=========S==S========33S3================3S333=====S= 

(declare (special 
«geh.live-before* 
•geh. source-record-Hst* 
•geh.live-after* 
•gch.autoaatlc?* 
) ) 

(:= »tr.generate-code-hook» 'Is.generate-code-hook) 

(:= »gch.traee-nuaber* 0) 
(:= •gch.autoaatlc?* 0 ) 

(defun ls.generate-code-hook 
( »geh.live-before» «geh.source-record-Hst* »geh.live-after» ) 

(lf (! »geh.source-record-Hst») (then 
(:= »gch.trace-nunber* 0) ) 

(else 
(:= »gch.traee-nuaber* (+ ftftft 1) ) 
(lf »gch.autoaatlc?» (then 

(8ave-trace »gch.autoaatlc?») ) 
(else 

(break-point la.generate-code-hook) ) ) ) ) 
0 ) 

(defun save-trace ( naae ) 
(let ( (trace-naae (atonconcat nane •-• »gch.trace-nunber») ) ) 

(lota ( (file (atconcat trace-naae ".trace") '(out newveralon) ) ) 
(let ( (new-Bource-record-llat () ) 

(predecessors-list () ) 
(firat-op 

(oper:operator (car (car »gch.aource-record-llat*)))) 
(last-op 

(oper:operator 
(car (last-elt »geh.source-record-Hst») ) ) ) ) 

(if (!== 'def flr8t-op) (then 
(push »geh.source-record-Hst» '( (def) ( ) ( ) ( ) ) ) ) ) 

(lf (l== 'use last-op) (then 
(:= *gch. source-record-Hst* 

(appendl ftftft '( (uae) ( ) ( ) ( ) ) ) ) ) ) 

(start-trace) 
(loop (for (oper trace-direction datun off-live) 

in *gch. source-record-Hst*) 
(incr 1 fron 0) 

(do 
(push new-source-record-list 

'(.oper .trace-direction .1 .off-live) ) 
(push predecessors-list 

(if (oper:property? oper 'pseudo-op) 

(predecessors oper trace-direction 1) ) ) ) 
(reault 

(:= new-source-record-list (dreverse ftftft) ) 
(:= predeceasora-list (dreverse ftftft) ) ) ) 

(fnsg file 
"(:s • trace-naae • '(" t t 
"(• t 
(e (loop (for-each-aane nane) (do 

(nag " (• 
nana " " 
(naae:datatype nane) " " 
(nana:rank naae) " ) " t) ) ) ) 

" ) " t t 

(h »geh.live-before* 10000 10000) t t 
(h new-source-record-llst 10000 10000) t t 
(h »geh.live-after* 10000 10000) t t 
(h predecessors-list 10000 10000) t t 
") )" t) 

(fllenane file) ) ) ) ) 
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1 1 

»»»»**•* 
»•***•»» •** Copyright (C) 1083 John R. Ellis. Thia file aay be uaed for 

*»* educational and research purposea only, by the faculty, students. »*»»••»» 
*»» and staff of Yale University only. •**•*•** 
»•• — — — — — »*»»•»»» 

(HEIGHTS-DEPTHS.ASSIGN) 

Seta the :DEPTH of each VN to be the nininun eatlnated t ine that the 
VN's operation can be scheduled, ualng the :DELAY of operators to 
nake the eatlnate (and asaualng Infinite resources). 

Seta :HEIGHT to be the nininun t ine fron an exit of the DAG. 

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

(defun heights-depths.assign () 
(loop (for vn ln »la.exit-vns») (do 

(hd.vn:aasign-dopth vn) ) ) 

(loop (for vn ln »ls.entry-vns») (do 
(hd.vn:as8lgn-helght vn) ) ) 

0 ) 

(defun hd.vn:assign-depth ( vn ) 
( l f (vn:depth va) (then 

(vn:depth vn) ) 

(elae 
( le t ( (delay (hd.vn:eatiaated-delay vn) ) ) 

(:s (vn:depth vn) 
(loop (for operand-vn ln (vn:operand-vns vn) ) 

(reduce nan 0 (• (hd.vn:estinated-delay operand-vn) 
(hd.vn:aaalgn-depth operand-vn))))) 

(;s (vn:depth vn) 
(loop (for conatralnlng-vn ln (vn:conatralnlng-vna vn) ) 

(for constralnlng-delay ln (vn:conetralnlng-delays vn) ) 
(reduce nax 

(vn:depth vn) 
(cycle : delays : constrained-cycle 

(hd.vn: assign-depth constraining-vn) 
(hd.vn:eatlaated-delay constralnlng-vn) 
delay 
constralnlng-delay) ) ) ) 

(vn:depth vn) ) ) ) ) 

(defun hd.vn:assign-height ( vn ) 
(lf (vn:height vn) (then 

(vn.-height vn) ) 

(else 
( le t ( (delay (hd.vn:eatlaated-delay vn) ) ) 

(:= (vn:helght vn) 
(loop (for readlng-vn ln (vn:readlng-vns vn) ) 

(reduce aax 0 (• delay 
(hd.vn:assign-height readlng-vn))))) 

(:= (vn:helght vn) 
(loop (for constralned-vn ln (vn:constrained-vna vn) ) 

(reduce aax 
(vn:height vn) 
(cycle:delays:constralnlng-cycle 

(hd.vn:a88lgn-height constrained-vn) 
delay 
(hd.vn:eatlnated-delay conatraîne d-vn) 
(vn:constralned-vn:delay vn constralned-vn) 
) ) ) ) 

(vn:helght vn) ) ) ) ) 

(defun hd.vn:eatlaated-delay ( vn ) 
(caseq (vn:type vn) 

( (def defl uae uael copy pseudo-op) 
0) 

( operation 
(• 1 (operator:Bin-delay (vn:operator vn) ) ) ) 

( t 
(error (list vn "HD.VN:ESTIMATED-DELAY: Case error.") ) ) ) ) 

1 2 
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Top level driver for invoking the list-scheduling conpiler. 

(eval-when (coapile load) 
(Include Het-Bcheduler:declaratlons) ) 

(declare (special 
»lsex.code* 
•lsex.actual-paraas• 
•lsex.unoptiaized-naddr« 
•lsex.optlnlzed-naddr* 
*lsex.coapacted-prograa* 

»gch.autoaatlc?* 
) ) 

;*•• The noat recent TinyLlap code. 
;••• The aost recent actual paraaeters. 
;•*• The NADDR straight out of TinyLlap. 
;**• The flow-analysls-optlnlzed NADDR. 
;••* The coapacted ELI prograa. 

;*** Hack debugging 

(declare 
(lexpr tlae-functlona) 
(lexpr options.print) 
(lexpr prlnt-functlona-tlaes) 

(options.aet 'tlaed-functlona '( 
coaplle-tlny-llsp 
fa.analyzeftoptlalze 
coapact 

generate-code 
bug.a88lgn-nea 
ach.schedule 

alaulate 
) ) 

(defun lsex ( «optional (code »lsex.code») 
(actual-parana «laex.actual-paraaa*) ) 

(laex.Initialize () ) 

(:= »laex.code* code) 
(:= »lsex.actual-paraas* actual-paraas) 
(nag 0 t (a (options.print) ) 0 t) 

(unwind-protect 
(let () 

(If »lB.tiaed-functions* (then 
(apply 'tlae-functions •ls.tlaed-functloneO ) ) 

(lf (aton «lsex.code«) (then 
(:= *laex.unoptlaized-naddr* 

(akex.filenaae:read-naddr «lsex.code«) ) 
(:= «lsex.optlnlzed-naddr« 

(fa.analyzeftoptlalze «lsex.unoptiaized-naddr* 0 ) ) ) 
(else 

(:s «lsex.unoptiaized-naddr* 
(conplle-tlny-llap »lsex.code*) ) 

(:= *laex.optlaized-naddr* 
(fa.analyzeftoptlalze »laex.unoptlnized-naddr» t) ) ) ) 

(:= «laex.coapacted-prograa* 
(nla-to-ell (coapact *l8ex.optlalzed-naddr*) ) ) 

(asg 0 t) 
(alaulate *lsex.coapacted-prograa* actual-paraaa) 
(alaulator.prlnt-exe cutlon-atatlstlcs) 

(lf »Is.tlaed-functlona* (then 
(nag 0 t (e (prlnt-functlon-tiaea) ) t) ) ) 

0 ) 
(lf »la.tiaed-functions» (than 

(apply 'untlne-functions »Is.tlned-functions») ) ) 
(:= »gch.autoaatlc?* () ) ) 

0 ) 

(defun laex.re-cg () 
(laex.initialize t) 
(unwind-protect 

(let () 
(lf »la.tlned-functions* (then 

(apply 'tlae-functlona »la.tlned-functions«) ) ) 

(:s «lsex.conpacted-prograa« 
(ala-to-ell (conpact »leex.optlnlzed-naddr«) ) ) 

(nag 0 t) 
(sinulate »laex.coapacted-prograa» »laex.actual-paraaa») 
(alaulator.print-executlon-statlstlcs) 

(lf »le.tlaed-functlona* (then 
(nsg 0 t (a (prlnt-functlon-tines) ) t) ) ) ) 

(lf »Is.tlned-functions* (then 
(apply 'untlne-functions »Is.tlned-functions«) ) ) 

(:- «gch.autoaatlc?« () ) ) 
0 ) 

(defun leex.Initialize ( re-cg? ) 
(tr.Initialize) 
(lnltiallze-code-generator) 
(lf (I re-cg?) (then 

(fa.initialize) 
(de.Initialize) 

(:= «lsex.code* 0 ) 
(:= «leex.actual-parans* 0 ) 
(:= «laex.unoptlalzed-naddr* 0 ) 
(:- «laex.optlalzed-naddr« () ) ) ) 

(let ( (old (gcgag t) ) ) 
(gc) 
(gcgag old) ) 
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; LIST-SCHEDULER OPTIONS 

; S 3 = 3 = S 3 S 3 = = 3 = = = = = = = 3 3 = = = = _ = = = = S = = 

(eval-when (coaplle) 
(build • (utilities:optiona) ) ) 

(def-optlon »la.lnnedlate-constant-actlon* 'retalned-reglster list-scheduler: " 
Deteralnes the strategy for handling innedlate constants. One of: 

LOAD 
The conatant ia always taken froa the nearest conatant generator. 

REGISTER 
The conatant ls assigned one or aore registers at the beginning of 
the trace. 

RETAINED-REGISTER 
The constant is assigned one or nore registers which are kept live 
for the entire trace. Approxlaatee loop-Invariant aotlon on constants. 

") 

(def-optlon »ls.aenory-constant-actlon* 'retalned-reglster list-scheduler: " 
Deteralnes the strategy for handling non-laaedlate constants that nust 
be loaded froa aeaory. One of: 

LOAD 
The constant ls always loaded froa neaory on the current trace. 

REGISTER 
The conatant la assigned one or aore registers at the beginning of 
the trace. 

RETAINED-REGISTER 
The conatant le assigned one or nore registers which are kept live 
for the entire trace. Approxlaatee loop-invariant aotlon on constante. 

") 

(def-optlon »la.trace-inforaatlon?« t list-scheduler: " 
If true, then various narkera are left laying around in conpacted code 
giving the origins of the code. 
") 

(def-optlon *la.tlned-functions* () list-scheduler: • 
If non-(), then thia la the l i s t of functions that will be tiaed during 
each LSEX run. 
") 

1 
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MACHINE MODEL 

This nodule Inplenenta the baalc aachlna nodal uaed for the Hat achednler. 
A nachlne consista of several nachlne eleaents (MEs) foralng a connected 
graph. 

ME 

(def-atruct ne 

nane 

nunber 

type 

inputs 
outputs 

operatora 

delay 

constraint-function 

reaourcea 

read-resources 
vrlte-reaourcea 

size 

read-ports 
wrlte-ports 

regieters-left 

values 

cycles-free 

value-nanes 

The prlnt-naae of thia eleaent. 

A unique nunber for bit-seta and vector 
aanlpulatlon. 

One or REGISTER-BANK. FUNCTIONAL-UNIT. 
CONSTANT-GENERATOR. 

The MEa connected to the lnputa and outputa 
of thia ME. 

FUNCTIONAL-UNIT: List of NADDR operatora 
Inplenented by thle ME. 

FUNCTIONAL-UNIT: The tine it takes for the fu 
to coaplete, nlnue 1. I.e. a l-cycle integer 
adder has 0 delay. 

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

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

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

REGISTER-BANK: The nunber of registers ln the 
bank. 

REGISTER-BANK: The nuabers of read and write 
ports. 

REGISTER-BANK: The nunber of unallocated registers. 

REGISTER-BANK: A vector of the current contents 
of the reglatora. 

REGISTER-BANK: A vector giving the first cycle that 
an unuaed reglater ls available. 

REGISTER-BANK: A vector of the current nanes 
of the register contents. 

avoid? 

) 

REGISTER-BANK: A vector of booleana; Ith elenent 
la true lf register I should be avoided lf possible 
during allocation. 

.) ...) 

Undocunented. 

(DEF-MACHINE-MODEL 
(DEF-ME (NAME ...) (TYPE 
(DEF-ME ...) 
(DEF-ME ...) 
(DEF-CONNECTION ...) 
) 

Deflnea a nachlne aodel. 

(MACHINE-MODEL.INITIALIZE) 
Initializes thia aodule. 

(NAME:ME NAME) 
Returns the ME that has a given nane, raising an error lf not found. 

(NAME-LIST:ME-LIST NAME-LIST) 
Maps a list of ME naaea onto a corraapondlng Hat of MEa. 

(ME-LIST:NAME-LIST ME-LIST) 
Returns the Hat of naaea corresponding to a list of MEs. 

MME nane 
Interactive syntax for referencing an ME by naae. 

(ME:ME:RESOURCES ME1 ME2) 
ME2 ehould be one of the outputs of ME1; returns the resource request 
needed to sove a value froa the output of ME1 to the input of ME2. 

(ME:DATUM:OK? ME DATUM) 
True lf DATUM satisfies the : CONSTRAINT-FUNCTION of ME. If ME ls 
a constant generator, DATUM is a constant; otherwise DATUM ls a VN. 

•LS.REGISTER-BANK-MES* 
•LS.FUNCTIONAL-UNIT-MES* 
•LS.CONSTANT-GENERATOR-MES* 

Lists of the various types of MEa. 

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

(OPERATOR:MIN-DELAY OPERATOR) 
Returns the nininun delay (over all functional units) needed to conpute 
a NADDR operator. 

(CONSTANT:CONSTANT-GENERATOR-MES CONSTANT) 
Returns the constant generators capable of generating CONSTANT ; 
returns () lf no generator generates the constant. Usee a hash 
table that lives for the life of the nachlne aodel to renenber 
previous results. 

(visible-fields ne naae) 

(eval-when (coaplle load) 
(Include Hst-8Cheduler:declarations) ) 
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(declare (special 
•aa.naae:ne* 
•aa.ae:ae:reaourcea* 
•aa.connections* 
*aa.operator :nea* 
•aa.operator:Bin-delay* 
*BB.conatant:aea* 
) ) 

(eval-when (eval coaplle load) 
(def-object-unlverse »ls.ne-unlverae* 

(object-naae ne) 
(napplng-type nunbered-objecta) 
(ob J ect-nunber-function 

(laabda ( object ) 
(ae:nunber object) ) ) 

(aet-obJect-nunber-function 
(laabda ( object nunber ) 

(:= (ne:nunber object) nunber) ) ) 
(initial-size 100) ) ) 

(defun aachine-aodel.initialize () 
(resource.initialize) 
(8horteat-path.initialize) 
(ae-unlverse :Initialize) 

(:= *na.naae:ae* (haah-table:create () ()())) 
(:= *an.operator:aea* (haah-table:create () ()())) 
(:= *BB.constant:aea* (haah-table:create 'equalt () ) ) 
(:= »aa.operator : Bin-delay* (haah-table:create () () 100000) ) 

(:= *an. ne:ne:resources* 
(:= *na.connections* 
(:= «lB.register-bank-Bea* 
(:= »la.conatant-generator-aos* 
(:= »ls.functlonal-unit-aea* 
0 ) 

(defun nane:ne ( nane ) 
(II ([]h *nn.nane:ae* naae) 

(error (list nane "NAME:ME: Invalid ME naae.") ) ) ) 

(defun naaa-ll8t:ae-H8t ( nane-llst ) 
(loop (for naae ln nane-llst) (save 

(naae:ne naae) ) ) ) 

(defun ne-llat:nane-llst ( ne-llst ) 
(loop (for ne in ne-llst) (save 

(ne:naae ne) ) ) ) 

(defun ne:ae:resources ( eel ue2 ) 
(?( (I nel) 

0 ) 
( (! ae2) 
0 ) 

( t 
(Qn *Ba.Be:Be:resoarces* (ae:nunber ael) (ne:nuaber ae2) ) ) ) ) 

(defun ae:create ( ae ) 
(Be-unlversa:add ne) 
(:= (C]h *nn.nane:ne* (ne:nane ne) ) ne) ) 

(defun nachlne-BOdel.finalize () 

;*** Construct the lists of the different type MEs. 
;*•• 

(loop (for-each-ne ae) (do 
(caseq (ne:type ne) 

(register-bank (puah «la.reglater-bank-nes« ne) ) 
(constant-generator (push *ls.constant-generator-aes* ae) ) 
(functional-unit (push *la.functional-unit-Bes* ae) ) 
(t 

(error (list ae "Case error.*) ) ) ) ) ) 

;*** Intiallze the register bank MEs. 
:*** 

(loop (for ae ln *ls.regl8ter-bank-ae8*) (do 
(:= (ae:values ae) (aakevector (ne:size ne) ) ) 
(:= (ne:cycles-free ne) (aakevector (ne:size ne) ) ) 
(:= (ne :value-naaea ae) (nakevector (ae:aize ae) ) ) 
(:= (ae:avold? ae) (aakevector (ae:8lze ae) ) ) 
(:= (ae:registers-left ae) (ae:slze ae) ) ) ) 

;**• Replace ME naaea by the actual MEs, and conatruct 
;**• ME:OUTPUTS froa :INPUTS. 
;*«* 

(loop (for-each-ne ne) (do 
(:= (ne:lnputa ae) (naao-list:ae-llat ftftft) ) 
(:= (ae:outputa ne) (nine-Hat:ae-llst ftftft) ) ) ) 

(loop (for-each-ne ae) (do 
(loop (for lnput-ae ln (ne:inputs ae) ) (do 

(:= (ae:outputs lnput-ae) (unlonql ftftft ne) ) ) ) ) ) 

(loop (for-each-ne ne) (do 
(:= (ne:inputs ae) (dreverse ftftft) ) 
(:= (ae:output8 ae) (dreverse ftftft) ) ) ) 

(loop (for-each-ne ae) (do 
(loop (for lnput-ae ln (ne:Inputs ne) ) (do 

(aasert (nenq ne (ae:outputs lnput-ae) ) ) ) ) 
(loop (for output-ne ln (ne:outputs ne) ) (do 

(assert (nenq ne (ae:Inputs output-ae) ) ) ) ) ) ) 

;•** Instantiate the naaes of resource classes within resource 
;*** requests. 
:**« 

(loop (for-each-ne ne) (do 
(:= (ae:resources Be) (resource-request:instantiate ftftft) ) 
(:= (ae:read-resources ne) (resource-request:instantiate ftftft) ) 
(:= (ne:wrlte-resourcea ae) (resource-request:instantiate ftftft) ) ) ) 

;«** Construct the ME->ME connection-resource table. 
;*** 

(:= *nn.ne:ne:resourceB* 
(array:new •(,(ae-unlverse:size) ,(ae-unlverae:alze) ) ) ) 
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(loop (for (naael naae2 reaource-requeat) ln »aa.connections») 
(bind nel (nane:ne naael) 

ue2 (naae:ae naae2) ) 
(do 

(aaeert (nenq ae2 (ae:outputa nel) ) ) 
(:= (Cla *aa.ne:ae:reBOurcea* (ae:nuaber ael) (ae:nuaber ae2) ) 

(resource-request:instantiate resource-request) ) ) ) 

;*** Construct the operator tables. 
;•*• 

(loop (for-each-ne ne) (do 
(loop (for operator in (ae:operatora ae) ) (do 

(push ([]h »aa.operator:aea* operator) ae) 
(:~ ([]h *aa.operator:Bin-delay« operator) 

(aln ftftft (ae:delay ae) ) ) ) ) ) ) 

;*** Coapute the ahorteat path table. 
;••• 

(ahorteat-path.coapute) 
0 ) 

(defaacro def-ne clausea 
'(ae:create (ne:nev 

..(loop (for (clause-naae clause-body) ln clausea) (append 
'(.clause-naae '.clause-body) ) ) ) ) ) 

(defaacro def-aachlne-nodel ne-defs 
'(eval-when (eval load) 

(aachlne-nodel.Initialize) 
,.ae-defe 
(aachlne-nodel.finalize) ) ) 

(defnacro def-connectlon ( ael ae2 reaource-requeat ) 
'(puah »aa.connectiona* '(,ael ,ae2 .resource-request) ) ) 

(def-sharp-sharp ne 
'(nane:ne '.(read) ) ) 

(defun ne:datua:ok? ( ae datun ) 
(II (I (ae: constraint-function ae) ) 

(funcall (ne:conatraint-function ae) datun) ) ) 

(defun operator:aln-delay ( operator ) 
([]h «an.operator :Bin-delay* operator) ) 

(defun operator:functional-unit-aea ( operator ) 
([]b *BB.operator:aea* operator) ) 

(defun constant:conatant-generator-aea ( constant ) 
(let ( (aea ([]h *BB.conatant:aea* constant) ) ) 

(lf (== nea «hash-table.not-found«) (then 
(:= ([]h «nn.conatant:nes* constant) 

(loop (for ae ln «lB.conatant-generator-Bes«) 
(when (ne:datua:ok? ae conatant) ) 

(aave ne) ) ) ) 

5 
PS : <C. S. BULLDOG. LI ST-SCHEDULER. TEST>MACHINE-ÏV 

(elae 
aea) ) ) ) 

6 
2L.LSP.54 



^ 

** ******** 
** Copyright (C) 1088 John R. Ellie. This file aay be uaed for ******** 
»* educational and research purposes only, by the faculty, studenta. »**»**•* 
*» and staff of Yale University only. ******** 
** _ ******** 
= = = = = = 3 = = 3 = = = = = = S = = 3 3 = = = = = = = = = = = = = = = = = 3 = = = = — _ = = = = = = = = 3 S 3 = = S = = = = = = = = 3 3 

Thia aodule convert conpacted nlcrolnatructlona Into ELI code. 

To convert a Hat of MI'a (auch aa returned by the coapacter) Into 
ELI code: 

(MIS-TO-ELI MI-LIST) 

The converaIon la very aiaple nlnded— preorder traveraal of the flow 
graph, Btarting at the one node that hae the (START) eource. Each node 
la visited only once (using the MI:TRANSLATED-T0-80URCE flag to reaeaber 
visits). 

(eval-when (coapile load) 
(Include trace:declaratlona) ) 

(declare (apeclal 
*ate.Bl8-to-do* ;**• stack of al's possibly not yet proceased 

= = = = = = = = 3 

(MIS-TO-ELI MI-LIST) 

(defun aia-to-ell ( al-llat ) 
(assert (llstp al- l lst) ) 
(:- »ate.ala-to-do* 0 ) 

(let ( (inatr-etreaa () ) 
(lnatr () ) ) 

;*** Clear the "tranalatad" flag of every al . and lf It haa 
;»»* no predecessors, puah i t on our to-do stack. 
;•** 

(loop (for al ln al-llat) (do 
(:= (al:tranalated-to-Bource nl) () ) 
(lf (I (al:preda al) ) (then 

(push »Bte.aia-to-do* nl) ) ) ) ) 

;**• While there are untranslated nl's. do 
;**« convert each one to lnstr 
;••• 

(loop (while «nte.nis-to-do*) 
(bind nl (pop «nte.nis-to-do«) ) 
(when (! (nl:translated-to-source nl) ) ) 
(bind instr (ate.ni:lnatr nl) ) 
(when instr) 

(do 
(puah lnatr-atreaa lnstr) ) ) 

(dreverae Instr-Btrean) ) ) 

1 
PS :<C.S.BULLDOG.LIST-SCHEDULER.TEST>MIS-TO-EL 

• »«33333 ================3==S==_==_=3===========_=3333=333 
• •• 
>•• (MTE.MI:INSTR MI) 
•*• 
••• Translatée the single al MI Into an ELI instruction. As a side 
•*• effect. It pushes on «MTE.MIS-TO-DO« the aucceasora of thia MI. Only 
»*• the labela of juaps are changed. The new lnatructlon is alao placed 
>*• ln the tranalated-to-sourco field of the al. It le possible that 
>*• Mia won't have any source (they are a reault of bookkeeping) and 
«** they are totally Ignored here. 
>** 
> » » = = = = = = = = = = = = 3 S = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = 3 3 S = = = = = = = = = = = = = = 3 

(defun nte.nl:lnatr ( al ) 
(:= (al:translated-to-source al) t) 

(let ( (popera () ) 
(cond-oper () ) 
(trace-dlr (al:trace-direction nl) ) 
(succs (nl:succs ni) ) ) 

;**• Generate a label for this MI lf this Isn't the first MI. 
;*•• 

(If (nl:preds nl) (then 
(push popera '(() label .(ate.al:lnatr-label al) ) ) ) ) 

;*** Tranelate each of the nachlne operations: 
;••* 

(loop (for oper ln (nl:eource nl) ) 
(bind (fu operator . opérande) oper) 

(do 
(lf (== fu 'stop) (then ;*•* Groaa... 

(push popera '( 0 atop) ) ) 
(else 

(caseq operator 
( ( () trace copy noop) 

(push popera oper) ) 
(t 

(caseq (operator:group operator) 
(goto) 

( (lf-coapare lf-boolean) 
(puah popera 

'(.fu 
.operator 
,,operands 
.(If (== (car trace-dlr) 'right) (then 

(ate.al:lnetr-label 
(car succs)))) 

.(If (== (car trace-dlr) 'left) (then 
(nte.nl :lnetr-label 

(car succs)))))) 
(pop aucca) 
(pop trace-dlr) ) 

(t 
(push popera oper) ) ) ) ) ) ) ) ) 

;»** Pueh the auccessora on the atack. 
:••• 

(loop (for eucc ln (nl:auces nl) ) 
(when (I (nl:tranalated-to-aource succ) ) ) 
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(do 
(push »nte.nlB-to-do* aucc) ) ) 

;*** At this point, SUCCS contalna one MI, the fall-through. 
;*** If It's not the first thing on the to-do stack, then 
;*•* ve need to do an explicit GOTO, becauae the next label 
;*** generated (the top of the atack) isn't the one we want 
;•** for the fall-through. 
;•*• 

(lf (! succs) (then 
(assert (! (al:succs al) ) ) ) ;*** This aust be the last MI. 

(elae 
(aaaert ( = l (length succs) ) ) 
(lf (II (I »ate.Bls-to-do») 

(!== (car succs) (car »ate.Bla-to-do») ) ) 
(then 

(push popera 
'(() goto ,(ate.al:lnetr-label (car succs) ) ) ) ) ) ) ) 

(:= (al:tranalated-to-source nl) (dreverse popera) ) ) ) 

;•»* (ate.MI:INSTR-LABEL MI) 

;•** Returna the label of an MI. 

; « * * = = 3 2 = S S S S S 3 S S S S = = = = = = = S S S 5 = = = = 

(defun nte.nl:lnetr-label ( al ) 
(atoaconcat '1 (al.-nunber nl) ) ) 

3 
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* * * ______ _____ ______ —-..-» ******* 
••* Copyright (C) 1083 John R. Ellis. This file nay be need for ******** 
•*• educational and research purposes only, by the faculty, atudenta, *»•*»»*• 
•*• and ataff of Yale University only. ****•••• 
*** ******** 
=============S=============_====3==33========3====== ========================= 

The ELI aodel used by Rutt's CO experlaents. nodifled to have 
aultlple reglater banks per cluster with a partial crossbar. 

(alias 'atoaconcat) 

(defaacro def-bus ( ne-listl ne-li8t2 nuaber-of-values ) 
(let ( (resource-naae (atoaconcat (car ae-llst1) '<-> (car ae-list2) ) ) ) 

'(eval-when (eval load) 
(def-resource-claaa .reaource-naae .nuaber-of-valuea) 
,.(loop (for ael ln ne-lletl) (splice 

(loop (for ae2 ln ne-list2) (splice 
'( (def-connectlon ,ael ,ae2 ( (.reaource-naae) ) ) 

(def-connectlon ,ae2 .ael ( (.reaource-naae))))))))))) 

(defun ea.cluster ( 1 (unlque-nane unlque-fleide) ) 
(let ( (cl (atoaconcat 'c 1) ) 

(cl-8 (atoaconcat "c (aod (- 1 8) 8) ) ) 
(cl-l (atoaconcat 'c (aod (- i l) 8) ) ) 
(ci+i (atoaconcat 'c (aod (+ l l) 8) ) ) 
(clt-8 (atoaconcat 'c (aod (+ l 8) 8) ) ) ) 

;*** Register bank C1R1 
;*•• 

(def-ne (naae 
(type 
(size 
(inputs 

(read-ports 
(wrlte-porta 
(read-resourcea 
(wrlte-resources 

(def-reeource-class , ( — 
(def-resource-cla8B , ( — 

;*** Register bank C1R2 
;*•* 

(def-ne (nane , ( — cl *r2) ) 

. [" cl Tl) ) 
register-bank) 
18) 
(.(•-* Cl-3 
(— cl-3 
(— cl-8 
(*~ Cl-l 
(— cl-l 
(~- cl-l 
(~* cl 
(— ci 
(— ci 
(— Ci+i 
(-* cifl 
(** cl+1 
("** Ci+8 
(~* ci+8 
(— ci+8 
(*" ci 

2) 
1) 
( (.(— Cl 
( (.(— Cl 

Tl) 
•r2) 
T3) 
Tl) 
T2) 
•r3) 
Tl) 
T2) 
T3) 
Tl) 
T2) 
T3) 
Tl) 
T2) 
T8) 
•B) ) ) 

Tl-read) ) ) ) 
•rl-write) ) ) ) 

cl 'rl-read) 2) 

a L 'rl-wrlte) l) 
) 
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(type 
(size 
(lnputa 

(read-ports 
(wrlte-porta 
(read-resources 
(wTlte-reaourcea 

(def-reaource-claaa . (** 
(def-reaource-clase . ( — 

reglater-bank) 
16) 
(.(— Ci-3 
(— cl-3 
(~* Cl-3 
(— Cl-l 
(— Cl-l 
("* Cl-l 
(— ci 
(~* ci 
(~* ci 
<*" cl*l 
(— ci*l 
("- el*l 
(** cH-3 
(•— cl*8 
(— cl*-8 
(** cl 
(~* cl 

2) 
1) 
( (.(— Cl 
( (.(— cl 

Tl) 
T2) 
T8) 
Tl) 
•r2) 
TS) 
Tl) 
T2) 
T3) 
Tl) 
T2) 
T8) 
Tl) 
T2) 
T8) 
'•) 
•O ) ) 

T2-read) ) ) ) 
T2-wrlte) ) ) ) ) 

cl *r2-read) 2) 
cl T2-wrlta) 1) 

;*•* Reglater bank C1R8 
;••• 

(def-ne (naae 
(type 
(site 
(lnpute 

(read-porta 
(wrlte-porta 
(read-resources 
(wrlte-resources 

(def-reaource-class .("" 
(def-reaource-claaa . ("*" 

,<— cl 'r8) ) 
register-bank) 
16) 
(.("" ei-8 
(*-* ci-3 
,(*- cl-3 
,(~* ci-1 
(*-* ci-i 
(*-* ci-1 
(~* cl 
(~* cl 
.(** ci 
,(** ci+1 
,("" cl+1 
,f— cl+1 
(— cl-*8 
, ( — Cl*3 
, ( — ci*3 

Tl) 
T2) 
T8) 
Tl) 
T2) 
T8) 
Tl) 
T2) 
T8) 
Tl) 
T2) 
T8) 
Tl) 
T2) 
T8) 

,.(if unlque-naae 
'(.(* 

0 ) 
2) 
1) 
( (.(~ cl 
( (.(- cl 

•" cl unlque-naae) ) 
) ) 

T8-read) ) ) ) 
T8-wrlte) ) ) ) ) 

cl T8-read) 2) 
cl 'r8-vrlte) 1) 

;**« Integer adder Ci+ 
;•»• 

(def-ne (naae ,("" el '•) ) 
(type functional-unit) 
(delay 0) 
(inputs (.("" 

.<— 
cl T2) 
cl T3) 

2 
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'1 
.(— cl "c) ) ) 

(reaourcea ( (,(— ci '«•)))) 
(operatora (float fix lnot ldlv isub leq laax lain 

iadd lor ige Ht He ine lexp inul igt 
land labs bltrev) ) ) 

(def-reeource-claaa .(""* cl ••) l) 

;*** Integer tester Ci= 
;•*• 

(def-ae (nane .(**- ci *s) ) 
(type functional-unit) 
(delay 0) 
(lnputa (,(~* cl *r2) 

.(— cl T3) 

.(- cl -c) ) ) 
(reaourcea ( (.(— cl '=) ) ) ) 
(operatora (lf-trua if-falae lf-llt lf-lgt lf-ieq lf-lne 

lf-ile lf-ige lf-ieq lf-lne if-lle lf-lge))) 
(def-reaource-claaa ,(— cl '=) 1) 

;•** Meaory C1M 
;•»• 

(def-ae (naae ,(~* ci *a) ) 
(type functional-unit) 
(delay 8) 
(lnputa (.(*"" cl 'rl) 

.(— cl T2) 
,(~* cl "c) ) ) 

(reaourcea ( (.("" cl "n) ) ) ) 
(operatora (vbase lvload fvload lpload fpload lvatore 

fvatore lpetore fpatore) ) ) 
(def-reaource-claaa ,(— cl 'a) 1) 

;*** Conatant generator C1C 
;••» 

(def-ne (naae ,(— ci 'c) ) 
(type constant-generator) 
(resources ( (,(— cl *c) ) ) ) 
(constraint-function ea.lnnedlate-constant?) ) 

(def-reeource-clasa ,(— cl *c) 1) 

;*** Unique functional-unit 
;**• 

.,(lf unlque-naae (then 
'( (def-ae (naae ,(***" cl unlque-naae) ) 

(type functional-unit) 
(lnputa (,("* cl T3) ;««» Order lnportantl 

.(— ci T O 

. ( " ci 'c) ) ) 
(reaourcea ( (,(— cl unlque-naae) ) ) ) 
..unique-fields) 

(def-resource-class ,(~* cl unlque-naae) 1) ) ) 
(elae 
0 ) ) 

;*»* Bus connections 
;••• 

(def-bus (,(— ci-3 T O .("* ci-3 T2) ,<~* cl-S T8) ) 
(,(" cl T O .(~ ei T2) .(~* cl T8) ) 
O 

(def-bua (,(— ci-1 Tl) ,(~ cl-l T2) .(-* ci-1 T3) ) 
(.(— cl T O .(*•* cl T2) ,<~* cl T8) ) 
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O 

) ) ) 

(:= en.floating-test 
*(f= 
( (delay 0) 
(operatora (if-flt lf-fgt lf-feq lf-fne lf-fle lf-fge 

fit fgt feq fne fie fge) ) ) ) ) 

(:= ea.floatlng-aultiply 
'(f* 
( (delay 3) 
(operatora (fnul laul) ) ) ) ) 

(:= ea.floatlng-add 
'(f+ 
( (delay 2) 
(operatora (faub fadd fain fnax fabe fdlv cos sin sqrt) ) ) ) ) 

(defun en.lnnedlate-conatant? ( constant ) 
(?( (lnunp constant) 

(ftft (< constant 2047) 
(> constant -2048) ) ) 

( (= 0 conatant) 
t) 

( (consp conatant) 
(ss 'addraas (car conatant) ) ) 

( t 
0 ) ) ) 

(defun load-constant? ( constant ) 
(lf (ea.lnnedlate-constant? conatant) (then 

(!== 'load *ls.lnnedlate-conatant-actlon*) ) 
(alee 

t) ) ) 

(eval '(def-nachlne-nodel 

..(ea.cluater 0 ea.floating-teat) 

..(ea.cluater 1 ea.floatlng-add) 

..(ea.cluater 2 ea.floatlng-nultiply) 

.,(ea.cluster 8 ea.floatlng-add) 

..(ea.cluater 4 ea.floating-teat) 

..(ea.cluater 5 0 ) 
,,(ea.cluater 8 ea.floatlng-aultiply) 
..(en.cluster 7 en.floating-add) 

) ) 
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*»» Copyright (C) 1088 John R. Ellla. Thia file nay be need for »»**»•** 
**« educational and research purposes only, by the faculty, studente. *•*•*»»* 
*** and staff of Yale University only. »*•*•*•• 

REGISTERS 

This nodule handles the allocation and deallocaton of registers fron 
a register bank. 

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

(CYCLE:ME:REGISTER:OCCUPIED? CYCLE ME REGISTER) 
Returna the VN occuppylng a register If it le not free. () otherwise. 

(CYCLE:ME:VN:FREE-REaiSTER? CYCLE ME VN) 
Returns true lf a ME haa at least one register free at CYCLE or later. 
Eventually, we'll want to account for the opérande of VN that will 
be freed up thia cycle once It le echeduled; but now it'a ignored. 

(CYCLE :ME:VN:ALLOCATE-REGISTER CYCLE ME VN REQUIRED-REGISTER) 
Allocatee and returns a free reglater froa ME for the given CYCLE. 
The regieter is Barked aa holding VN. If non-(). REQUIRED-REGISTER 
la a apeelfic reglater that auat be allocated for VN. An error le 
raised lf there are no free registers or lf REQUIRED-REGISTER ls 
specified but not free. 

When chooslg a free regieter, ve first look to see lf VN is of the 
fora X := f ( X ) and lf X ls currently residing in ME. If so. ve 
nae X'e current reglater (constraining délaye guarrantee that the 
register will be free). 

Then ve look ln the preferred locatlona of the nane of VN (see belov) 
to aee lf there's a preferred regieter ln bank ME. Then ve look for 
a free register that hasn't been narked as "avoid" (see belov). 
Finally, ve look for any register. 

(CYCLE:MB:REGISTER:DEALLOCATE CYCLE ME REGISTER) 
Deallocates REGISTER ln ME, narking It as free at tlae CYCLE and later. 

(VN:RECCRD-I>REFERRED-LOCATION VN) 
VN ehould be already have an assigned location. Its location la 
recorded keyed under the nane of VN; when we need to allocate a 
reglater for another VN of the saae naae, we'll prefer registers 
ao recorded. 

Also, the location of VN Is narked as "avoid", so that ve won't 
allocate it for another VN unless ve have to. 

Iaplenentatlon notes: 

The field ME:VALUES la a vector aapping registers onto VNs occuppylng 
the regleters. ME:CYCLES-FREE gives the first cycle ln which the 
regieter can be allocated; it la a very large nunber lf the register 
ls not free. 

Because CYCLE:MB:VN:FREE-REGISTER? and CYCLE:MR:VN:ALLOCATE are alvaya 
called with the current cycle during Hat-scheduling, we know that the 

1 
PS :<C.S.BULLDOG.LIST-SCHEDULER.TEST>REGISTERS 

1 1 
CYCLE argunent is aonotonlcally increasing. The ME:REGISTERS-LEFT glvea 
only a hint about how aany registers left ln the current cycle (It 18 
<3 the actual nunber left ln the current cycle). So when we're checking 
to aee lf there are any free registers, lf ME:REGISTERS-LEFT telle ua 
there are registers left, we can believe it. If ME:REGISTERS-LEFT la 
0, then we'll have to recoapute it. Gross but relatively slaple and 
efficient. 

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

(declare (special 
•reg.naae:locatlons* ;**• Hash table napping naaes to pairs 

;*** (ME REGISTER) that are to be preferred 
;»** by the register allocator. 

) ) 

(defvar »reg.nax-lnteger» 100000) 

(defun registers.Initialize () 
(:= »reg.nane:locatlona* (hash-table : create "equalt ( ) ( ) ) ) 

(loop (for ae ln »lo.reglster-bank-aea*) (do 
(:= (ne:reglstera-left ne) (ne:size ae) ) 
(vector:initialize (ne:valuea ae) () ) 
(vector:Initialize (ne:cyclea-free ae) 0) 
(vectorunitialize (ne:value-naaes ae) () ) 
(vector:initialize (ne:avoid? ae) () ) ) ) 

0 ) 

(defun cycle:ne:reglater:occupled? ( cycle Be register ) 
(lf (< cycle ([] (ne:cyclea-free ae) regieter) ) (then 

([] (ne:values ae) register) ) 
(else 

0 ) ) ) 

(defun cycle:ne:vn:free-register? ( cycle ae vn ) 
(lf (> (ne:reglstere-left ne) 0) (then 

t) 
(else 

;*»* Reconpute the : REGISTERS-LEFT for this cycle. See notes 
;*»* above. 
;•*• 

(:= (ne:regl8ters-left ne) 
(loop (Incr 1 fron 0 to (- (ne:nlze ae) 1) ) 

(when (>= cycle ([] (ne:cycles-free ae) 1) ) ) 
(reduce + 0 1) ) ) 

(> (ae:reglatere-left ne) 0) ) ) ) 

(defun cycle:ne:vn:allocate-register ( cycle ae vn required-register ) 
(let*( (values (ne:values ne) ) 

(avoid? (ne:avoid? ne) ) 
(cycles-free (ae:cycles-free ae) ) 

(free-regleter 
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(II required-register 

;*•* If VN le of the fora X :- X op Y and X ls 
;*•• currently residing ln ME. use lta register. 
;**• 

(lf (|ss 'operation (vn:type vn) ) (then 
0 ) 

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

(when (ftft (ss (vn:nane vn) (vn:nane operand-vn)) 
(s= ne (vn:reglater-bank-ne operand-vn)) 

(do 
(let ( (register (vn:register operand-vn) ) ) 

(:= (tl cycles-free register) cycle);•*• Hack, 
(return register) ) ) 

(result ( ) ) ) ) ) 

;**• Try for a preferred location for the VN. 
:*•• 

(loop (for (uae-ne use-register) 
in ([]h »reg.naae:locatlona* (vn:naae vn) ) ) 

(when (ftft (== ne uee-ne) 
(>= cycle ([] cycles-free use-register)))) 

(do 
(return use-register) ) 

(result () ) ) 

;**• Try for any free register, avoiding ones narked 
;**• aa "avoid" lf possible. 
;**• 

(loop (Incr 1 froa 0 to (- (ae:slze ae) 1) ) 
(when (>= cycle ([] cycles-free 1) ) ) 
(initial avold-reglster () ) 

(do 
(if (I ([] avoid? 1) ) (then 

(return 1) ) ) 
(lf (I avold-reglster) (then 

(:= avold-reglster 1) ) ) ) 
(result avold-reglster) ) 

0) ) ) 

(lf (< cycle ([] cycles-free free-register) ) (then 
(error (Hat ae "No available register.") ) ) ) 

(:= ([] values free-register) vn) 
(:= (ÎÏ cycles-free free-register) »reg.nax-lnteger») 
(:= (ne:registers-left ne) (- ftftft l) ) 

free-register) ) 

(defun cycle:ne:regleter:deallocate ( cycle ne register ) 
(:= ([] (ae:cycles-free ae) register) cycle) 

;••• 
;*** Sic — we don't touch :REGISTERS-FREE, alnce we could be 
;**• freeing up a reglater "in the future". See above. 

0 ) 

(defun vn:record-preferred-location ( vn ) 
(assert (vn:regl8ter vn) ) 

(let ( (ne (vn:reglater-bank-ae vn) ) 
(register (vn:reglater vn) ) ) 

(:= (CI (ne:avoid? ae) reglater) t) 
(puah ([]h *reg.naae:locations* (vn:naae vu) ) '(.ne .regieter) ) 
0 ) ) 
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*** Copyright (C) 1088 John R. Ellis. This file aay be uaed for ******** 
*** educational and reeearch purposes only, by the faculty, students, ******** 
*** and staff of Yale University only. ******** 
*** ******** 

; RESOURCES 

; This aodnle laplenents the operations on resources used ln the aachlna 
; nodel. It also lapleaents a single (global) schedule of resources. 

; A RESOURCE-CLASS defines a set of resources that are all Identical ae 
; far aa the aachine aodel le concerned. Any reaource ln the aet can 
; be uaed ln place of any other. 

; A RESOURCE-SET la a set of unused resources ln the aachine (for one 
; cycle). RESOURCE-SETa are represented as bit-seta. 

; A RESOURCE-REQUEST la a request for particular reaourcea across 
; successive cycles. It la represented aa a list of lists of 
; RESOURCE-CLASSes, each subllst representing the resources requested 
; for a cycle (the first subllst is for the first cycle, the second subllst 
; for the second cycle...) 

; (RESOURCE.INITIALIZE) 
Initializes this aodule. 

; (RESOURCE.INITIALIZE-SCHEDULE) 
Re-initlallzes the echedule of used resources to be all available. 

; (RESOURCE-CLASS:CREATE NAME SIZE) 
Creates a reaource claae with synbollc NAME and SIZE reaourcea. 

; (DEF-RESOURCE-CLASS 'NAME 'SIZE) 
Saae as above, except the arguaenta aren't evaluated. 

; (NAME:RESOURCE-CLASS NAME) 
Maps a synbollc naae onto the corresponding RESOURCE-CLASS, raising an 

; error lf there le no auch clasa. 

; (RESOURCE-REQUEST INSTANTIATE RESOURCE-REQUEST) 
; Takea a resource requeat conalating of eyabollc naaea of 

RESOURCE-CLASSaa and returns a nev proper requeat vlth the naaea 
; replaced by the corresponding RESOURCE-CLASSea. 

; (CYCLE:RESOURCE-REQUEST AVAILABLE? CYCLE RESOURCE-REQUEST) 
; True lf 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) ln which the resource 
; request can be scheduled. 

; (CYCLE:RESOURCE-REQUEST:SCHEDULE? CYCLE RESOURCE-REQUEST) 
Tries to achedule the resources of RESOURCE-REQUEST beginning at 

; CYCLE, returning true lf successful, false o.v. If false, the 
schedule is left ln garbaged state; use traneactiona below to reetore 

; the state correctly. 

; (CYCLE: RESOURCE-REQUEST SCHEDULE CYCLE RESOURCE-REQUEST) 
Sane aa above, but raises an error lf the requeat can't be scheduled. 

; (RESOURCE.START-TRANSACTION) 
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(RESOURCE.COMMIT-TRANSACTION) 
(RESOURCE.ABORT-TRANSCATION) 

These three procedures let the client tentatively echedule resource 
requests, but then undo thea lf he wanta. Such a tentative atteapt 
la called a "transaction"; only one transaction aay be ln progreaa 
at a tine. After calling RESOURCE.START-TRANSACTION, all calls 
to CYCLE:RESOURCE-REQUEST:SCHEDULE? and 
CYCLE:RESOURCE-REQUEST:SCHEDULE will "aave away" the old valuea of 
the acheduled reaourcea. Calling RESOURCE.ABORT-TRANSACTION will 
reatore the resource schedule back to its state at the tine of the 
call to RESOURCE.START-TRANSACTION. Calling 
RESOURCE.COMMIT-TRANCTION algnlflee that all the resources scheduled 
are "ok" and to forget the "saved away" old schedule. 

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

RESOURCE-CLASS 

==================== ;*** 
-struct resource-claaa ;*** 
naae ;*** The printed naae of the class. 
alze ;•** The nunber of reeourcee ln the clasa. 
poaltlon ;*** Position ln the bytevector. 
le-falluree ;**• 
bug-fallurea ;*** The eua of the alzea of requeeta for 
) ;*** unavailable reeources froa thia clasa; 

;*** separate totale for list-scheduling and 
;••* BUG. 

; • • • = = = = = = = = = s s = = = = ; ••• 
; » a « _ _ B B _ S B B S B = = = 3 = = = S S = = = = = = = = = = = = = = = = = = = = = = = = = = -

(vlslble-flelde reeource-claes naaa alze) 

(eval-when (conplle load) 
(Include llat-acheduler:declaratlona) ) 

(eval-when (conplle) 
(build '(llat-acheduler:byte-vector) ) ) 

(declare (apeelal 
»res.all-resouree-classes* 
•res.naae: resource-class» 
»res.total-classes* 
»refl.aax-claes-size» 
»res. cycle :resource-set* 
•res.tranaactlon-ln-progreesf* 
•res.transaction-size* 
•res.saved-bytee* 
»res.aaved-posltlons» 
•res.saved-cycles* 
•res.failure-type* 
) ) 

(defun resource.Initialize () 
(:= •res.all-resource-classes* 0 ) 
(:= »ree.total-classes» 0) 
(:= »rea.aax-claas-Blze» o) 
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(:= »res.naae: resource-class* 
(:= *res.cycle:resource-set* 
(:= »res.tranaaction-ln-progreaB?» 
(:= »rea.transaction-alze* 
(:= *reB.8aved-byteB» 
(:= »res.saved-poBltlonB* 
(:= »rea.aaved-cyclea* 
(:s »res.failure-type» 
0 ) 

(hash-table:create () ( ) ( ) ) ) 
O 
0 
o) 
O 
O 
0 
•la) 

(defun resource.lnltialize-achedule ( fallure-type ) 
(:= *res.cycle:resource-set* (aakevector »la.Bax-achedule-alze») ) 
(let ( (byte-eize (celling (// (log (• 1 «res.aax-class-slze*) ) 

(log 2) ) ) ) ) 
(loop (incr 1 froa 0 to (- *l8.eax-Bchedule-alze* 1) ) (do 

(:= ([] *re8.cycle : resource-set* 1) 
(byte-vector:create »res.total-classes* byte-eize))))) 

•ree.tranaactlon-ln-progreea?» () ) 
»res.transactlon-Blze* 0) 
•reB.saved-bytea* (nakevector 100) ) ;*** Big enough? 
«res.saved-poaltlona* (nakevector 100) ) ;*** Big enough? 
»ree.saved-cycles* (aakevector 100) ) ;*** Big enough? 

assert (aeaq failure-type '(Is bug) ) ) 
:= «res.failure-type* failure-type) 
) ) 

(defun resource-class:create ( naae alze ) 
(let ( (resource-class 

(resource-claes:nev 
nane 
elze 
position 
la-failurea 
bug-failures 

nana 
elze 
•rea.total-claaaea* 
0 
0) ) ) 

(:= *rea.total-classes* (• ftftft 0 ) 
(:= •res.aax-class-slze* (aax ftftft alze) ) 

(:= »ree.ell-resource-cleeaee* (appendl ftftft resource-clasa) ) 
(:= ((]h *reB.naae:reaource-cla88* naae) reaource-claaa) 

resource-class) ) 

(defaacro def-reeource-class ( naae size ) 
'(resource-clasa:create '.naae '.alze) ) 

(dafun naae:resource-class ( naae ) 
(II ([]h »ree.nane:reaource-claaa* naae) 

(error (list naae * Isn't a RESOURCE-CLASS.") ) ) ) 

(defun resource-request : instantiate ( resource-request ) 
(loop (for cycle-requeat ln resource-request) (save 

(loop (for itea ln cycle-request) (save 
(lf (consp ltea) 

'(.(naae:resource-class (car ltea) ) .(cadr ltea) ) 
'(.(naae:reBource-claaB lten) 1) ) ) ) ) ) ) 

(defun resource.start-transaction () 
(asaert (1 »res-transaction-ln-progress?*) ) 
(:= •reB.transactloa-ln-progreee?* t) 
(:- •rea.tranaactlon-alze* 0) 
0 ) 

(defun resource.coralt-tranaaction () 
(assert *re8.tran8action-in-progress?*) 
(:~ *reB.tr_nsaction-in-progresa?* () ) 
(:= «rea.tranaactlon-alze* 0) 
0 ) 

(defun resource.abort-transaction () 
(asaert *re8.traneactlon-ln-progreee?*) 
(loop (deer 1 froa (- *reB.tranaactlon-8lze* 1) to 0) (do 

(:= (C]b ([] *rea.cycle:reaource-aet* ([] »ree.eaved-cyclee* 1) ) 
([] *re8.aaved-poBitiona* 1) ) 

([] «rea.aaved-bytea* 1) ) ) ) 

(:= *rea.tranaaction-ln-progrea8?* () ) 
(:= »rea.tranaactlon-slze* 0) 
0 ) 

(defun cycle:reeource-requeat:available? ( cycle reeource-requeat ) 
(loop (Incr 1 fron cycle) 

(for cycle-requeat ln reeource-requeat) 
(whan (I (resource-set:cycle-request:available? 

(D *ree. cycle :reeource-set* 1) 
cycle-requeet) ) ) 

(do 
(return () 

(reault t) ) ) 
) ) 

(defun cycle :reeource-requeat:flrat-available-cycle 
( flrat-cycle resource-request ) 

(loop (Incr cycle froa first-cycle) 
(until (cycle:resource-request:available? 

cycle 
resource-request) ) 

(reault cycle) ) ) 

(defun cycle:reaource-requeat:achedule? ( cycle resource-requeet ) 
(loop (incr 1 fron cycle) 

(for cycle-request ln resource-request) 
(when (! (cycle:cycle-requeat:schedule? 

1 
cycle-requeet) ) ) 

(do 
(return () ) ) 

(reeult t) ) ) 

(defun cycle:reaource-requeat:achedule ( cycle reaource-requeat ) 
(lf (! (cycle:reaource-requeat:schedule? cycle reaource-requeat) ) (then 

(error (Hat cycle reaource-requeat 
•CYCLE:RESOURCE-REQUEST:SCHEDULE: Couldn't achedule.")))) 
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(dafun resource-set :cycle-requeat:available? ( reaource-aet cycle-request ) 
(loop (for (reaource-class request-size) ln cycle-requeat) 

(when (> request-size 
(- (resource-clasa:size resource-class) 

([]b resource-set 
(resource-class : position resource-clasa))))) 

(do 
(lf (=s 'ia *rea.failure-type*) (then 

(:= (re8ource-class:ls-fallures resource-class) (+ ftftft 1) ) ) 
(else 

(:= (reaource-claaa:bug-failures reaource-class) (+ ftftft 0 ) ) ) 
(return 0 ) ) 

(result t) ) ) 

(defun cycle:cycle-request:schedule? ( cycle cycle-request ) 

(let ( (resource-eet ([] *rea.cycle:reaource-aet* cycle) ) ) 

(loop (for (reaource-class request-size) In cycle-requeat) 
(bind old-reaources 

([Jb raaource-set 
(resource-clasa:position reaource-claaa) ) 

new-re80urces 
(• request-size old-resources) ) 

(do 
(lf (> new-resources (reaource-claaa:size reaource-elaaa) ) (than 

(if (== 'la »rea.failure-type*) (then 
(:= (reaource-class:la-failures reeource-claaa) (• ftftft 1) ) ) 

(elae 
(:= (reaource-class:bug-failures resource-class) (• ftftft 0))) 

(return 0 ) ) ) 

(lf *rea.transactlon-in-progresa?* (then 
(:= ([] *re8.aaved-cycles* *rea.tranaactlon-Blze*) 

cycle) 
(:= (11 *rea.8aved-bytee* *res.transaction-size«) 

old-resources) 
(:- ([] *res.saved-posltlons* •rea.tranaactlon-Blze*) 

(reaource-claaa:position resource-class) ) 
(:- *res.transaction-size* (• ftftft 1) ) ) ) 

(:= (C]b resource-set (resource-class:position resource-clasa) ) 
new-resourcee) ) 

(reeult t) ) ) ) 

(defun resource.print-schedule () 
(nsg 0) 
(loop (initial flrat-1 0) 

(while (< first-1 »ls.aax-schedule-alze*) ) 
(bind first-set ([] *rea.cycle:reaource-aet* flrst-1) ) 

(do 
(loop (Incr last-1 froa (• flrst-1 1) to (- »le.aax-achedule-Blze» O ) 

(while (resource-set:equal first-set 
([] *res.cycle:resource-set* last-1))) 

(result 
(:= last-1 (- last-1 1) ) 
(lf (> laat-1 flrst-1) (then 

(nsg (j flrst-1 8) •:" (j laat-1 8) • ") ) 

0 ) 

(elee 
(nsg (j flrat-1 3) " •) ) ) 

(resource-set:print first-set) 
(aag t) 
(:= flrat-1 (• laat-l 1) ) ) ) ) ) 

(defun reaource-aet:equal ( resource-set1 resource-aet2 ) 
(loop (incr 1 froa 0 to (- *res.total-classea* 1) ) 

(when (!== ([]b resource-aetl 1) 
([]b resource-set2 1) ) ) 

(do 
(return 0 ) ) 

(reault t) ) ) 

(defun reaource-aet:print ( reeource-aet ) 
(sprlnl 

• (»hprint.atructure-narker* (resource-set 
..(loop (for reaource-clees ln •res.ail-reaource-claeses*) 

(bind resources 
([]b reaource-aet 

(reaource-claaa:poaltlon resource-clasa))) 
(splice 
(?( (ss o resources) 

0 ) 
( (ss i (resouree-class:elze resource-class) ) 
(assert (ss i resources) ) 
•(.(reaource-class:naae reaource-claaa) ) ) 

( t 
*( (.(reaource-claaa:nana resource-clasa) 

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

(defun reaource.print-failures 0 
(nag 0 t "Resource failuree:" (t 20) (je "LS" 5) (t 80) (je "BUS* 6) t) 
(loop (for resource-clasa 

ln (aort »rea.all-reaource-clasees* 
(f:l ( rl r2 ) 

(> (resource-class:ls-fallures rl) 
(reaource-claaa:ls-falluree r2) ) ) ) ) 

(when (|| (< 0 (reaource-claaa:la-failures resource-class) ) 
(< 0 (reaource-claaa:bug-fallures reaource-claaa) ) ) ) 

(do 
(asg (resource-class:naae resource-class) 

(t 20) (j (resource-class:la-fallures reaource-class) 6) 
(t 80) (j (reaource-claaa:bug-failures resource-class) 5) t))) 

0 ) 
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**—_ _ _ ——******** 
** Copyright (C) 1083 John R. Ellis. Thia file aay be used for ••****•• 
** educational and research purposes only, by the faculty, studente. ••««**•• 
** and etaff of Yale University only. **»«*»** 
** __ _______________ ******** 

(aval-when (coapile load) 
(Include llat-achedulerdeclarations) ) 

* S S S 3 = = = = _ = 3 = 3 3 = = 3 = = = = = = = = = = = = = = = = = _ = = = = = = = = = = = = = = = = = = = = = = 

* 
* (SCH.COPY-VN:SCHEDULE VN) 
* 
* Attenpts to schedule VN, a COPY, requeuelng it lf It can't be echeduled 
* becauae of resource conflict. 
• 
* If the copy haa no readera left, that neana lta only uae vas an 
* off-live uae at a apllt which haa already been scheduled above the 
* copy; the copy is now useless and can be echeduled aa a HOOP. 
* 

(defun ach.copy-vn:schedule ( vn ) 
(if (== 0 (vn:readers-left vn) ) (then 

(sch.noop-vn:schedule vn) ) 
(else 

(resource.start-transaction) 
(caseq (ach.copy-vn:achedule? vn) 

(success 
(resource.connlt-tranaaetlon) ) 

(requeue 
(reaource.abort-transaction) 
(sch.vn:cycle:enqueue vn (• *la.cycle* 1) ) ) 

(abort 
(resource.abort-transaction) ) 

(t 
(error "Caae error.") ) ) 

0 ) ) ) 

(defun ach. copy-vn schedule? ( vn ) (prog () 

(let*( (operand-vn (car (vn:operand-vns vn) ) ) 
(operand-no (ach.vn:locatlon-ne operand-vn) ) 
(deat-aa () ) 
(dest-reglater () ) 
(readlng-vn (ach.vninax-height-readlng-vn vn) ) 
(readlng-ne (ftft readlng-vn 

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

;*** Try achedullng the resources needed to read the operand. 
;••• 

(lf (I (cycle:reeource-requeat:schedule? 
•ls.cycle* 
(lf (s= 'constant-generator (ne:type operand-ne) ) 

(ae:resources operand-ne) 
(ne:read-reaources operand-ne) ) ) ) 

(then 
(return 'requeue) ) ) 

;*** Find a good destination register bank, and try scheduling 
;*** the write into it. 
:*»• 

1 
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(:= dest-ne (ech.source-ne:de8t-ne:vn:plck-regiater-bank? 
operand-ee 
readlng-ne 
vn) ) 

(lf (! deat-aa) (then 
(return 'requeue) ) ) 

;*** At thia point, all the reaourcea of the copy have been 
;**• scheduled. 
:••• 
;•** If the aax height reader ls a USEl that wants a particular 
;•** register, and that reglater la occupied, we'll have to eplice 
;*•• a COPY between the occupant of that reglater and the readera 
;**• of the occupant, naking thia VN dependent on conpletlon of 
;*** that newly apllced COPY. Hopefully, after that COPY la 
;*»* acheduled. ve'll have a free register to do this COPY. 
;••• 

(lf (ftft readlng-vn 
(ss 'usel (vn:typo readlng-vn) ) 
(ss dest-ne (vn:reglster-bank-ne readlng-vn) ) ) 

(then 
(lf-let ( (occupaat-vn (cycle:ne:register:occupied? 

»Is.cycle* 
dest-ne 
(vn:reglater readlng-vn) ) ) ) 

(then 
(return (ach.copy-vn:blocking-vn:nake-dependent vn oecupant-vn)))) 

(:= deet-reglater 
(cycle : ne :vn: allocate-reglater 

•ls.cycle* deat-ae vn (vn:regiater readlng-vn) ) ) ) 
(elae 

(:= deat-reglster 
(cycle:ae:vn:allocate-reglster »Is.cycle» deat-ae vn () ) ) ) ) 

(:= (vn:echeduled-cycle vn) »Is.cycle») 

;»»• Mark the operand as having been rend this cycle. 
;*•• 

(:= (vn:read-cycle operand-vn) «Is.cycle*) 

;••* Assign the register location to this VN. inserting 
;**• copy VNs as neceaary, and dacreaentlng the predecessor 
;**• counts of readera and conatralned VNa; decreaent the 
;**• read connte of the operand juat read. 
:••* 

(sch.vn:ae: register : cycle : assign-location 
vn 
dest-ne 
dest-reglater 
(• »Is.cycle* I) ) 

(sch.vn:relense-operands vn) 
(sch.vn:release-successors vn) 
(sch.vn:release-off-llve vn) 

;••* Schedule the aachine operation for the COPY. 
;••• 

(ach.copy-vn:schedule-nnchlne-operatlon vn) 

(return 'success) ) ) ) 
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;•** 
;*** (SCH.COPY-VN:SCHEDULE-MACHINE-OPERATION VN) 
:*** 
;*** Makes a aachine operation for VN, a COPY, and placée it on the 
;*** schedule. 
;*** 

(defun sch.copy-vn:achedule-nachine-operatlon ( vn ) 
(let*( (operand-vn (car (vn:operand-vns vn) ) ) 

(source-ne (sch.vn:locatlon-ne operand-vn) ) ) 

(push ([] *la.schedule* »Is.cycle*) 
'(.vn 
.(ae:naae (vn:regleter-bank-ne vn) ) 
copy 
(,(ne:naae (vn:register-bank-ae vn) ) 
,(vn:regleter vn) 
,(vn:naae vn) ) 
.(if (ss 'constant-generator (ne:type eource-ae) ) 

*(.(ne:nane source-ae) 
,(vn:naae operand-vn) ) 

'(.(ne:nane eource-ae) 
,(vn:register operand-vn) 
,(vn:nane operand-vn) ) ) ) ) 

(:= «la.laat-cycle* (aax ftftft »Is.cycle*) ) 
0 ) ) 

*•* 
*** (SCH.COPY-VN:BLOCKIN0-VN:MAKE-DEPENDENT VN BLOCKING-VN) 
*** 
*** VN 18 a COPY that, due to a USEl. vanta to put lta result ln a 
*** register currently occupied by BLOCKING-VN; VN can't be acheduled 
*** until the BLOCKING-VN'a value ie aoved aoaewhere else. This procedure 
*** adde ln constraint edgee, and poaalbly nev COPYe, to lnaure that 
**• BLOCKING-VN'a value will be aoved before achedullng of VN ls atteapted 
*** again. 
*** 
*** If all of BLOCKING-VN's unscheduled readera do not have VN as an 
*** ancestor, then we can just wait until all of those readers are 
*** acheduled, at vhlch tiae the regieter needed by VN vill be free. 
*** Thia ls accoapllahed by adding a nev constraint edge between VN and 
*** the readers. 
*** 
*** But lf one of BLOCKING-VN's readers has VN as an anceetor. then adding 
*** a constraint edge will produce deadlock (the reader can't be scheduled 
*** until VN ls, vhlch can't be scheduled until the reader Is). So ve 
*** splice a nev COPY between BLOCKING-VN and all of Its unscheduled 
*** readere, constraining VN to be scheduled after the nev COPY (vhlch 
*** vill have freed up the desired register). The nev COPY ls enqueued 
*** for the current cycle. 
*** 
*** This procedure returns 'ABORT or 'REQUEUE depending on whether VN 
*** should be requeued for the next cycle (usually it shouldn't — see 
*** below). 

(defun sch.copy-vn:blocking-vn:nake-dependent ( vn blocking-vn ) 

3 
PS :<C.S.BULLDOG.LIST-SCHEDULER.TEST>SCH-COPY, 

(let*( (unscheduled-reading-vna 
(loop (for readlng-vn in (vn:reading-vna blocklng-vn) ) 

(when (t (vn:scheduled-cycle readlng-vn) ) ) 
(save readlng-vn) ) ) 

(unecheduled-off-live-readlng-vna 
(loop (for readlng-vn ln (vn:off-llve-readlng-vna blocklng-vn) ) 

(when (! (vn:scheduled-cycle readlng-vn) ) ) 
(save readlng-vn) ) ) 

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

(lf (for-every (readlng-vn ln all-unscheduled-readlng-vna) 
(I (sch.vn:vn:descendant? vn readlng-vn) ) ) 

(then 
;••• 
;»»* The unscheduled readers of BLOCKING-VN don't have VN 
;*»* as an ancestor. Ve sake VN dependent on coupletlon of 
;*** all these readers. 

(loop (for readlng-vn in all-unscheduled-readlng-vna) 
(when (|| (== 'copy (vn:type readlng-vn) ) 

(== 'operation (vn:type readlng-vn) ) ) ) 
(Initial found-one? 0 ) 

(do 
(pueh (vn:constraining-vns vn) readlng-vn) 
(puah (vn:conatralnlng-delaya vn) 0) 
(:= (vn:predecessors-left vn) (• ftftft l) ) 

(puah (vn:constrained-vna readlng-vn) vn) 
(:= found-one? t) ) 

(reault 
(lf found-one? 

'abort 
'requeue) ) ) ) 
;**• 
;**• If we didn't find an unscheduled COPY or OPERATION 
;*** reader, that neans they have been all scheduled and 
;*** that one of then ls a conditional juap scheduled 
;*** this cycle. If we just requeue for another cycle 
;*** until the junp finiahes, the deeired regieter will 
;*** becoae free. 

(else ;»»* 
;»»* The unscheduled readere are dependent on VN. We've got 
;»»* to epllce a nev COPY between BLOCKING-VN and the readera. 
;*** naking VN dependent on the COPY. 

(let ( (nev-copy-vn 
(vn:create (vn:nev 

type 'copy 
naae (vn:naae blocklng-vn) 
height (vn:height blocklng-vn) 
cycle (vn:reglater-cycle blocking-vn) 
readers-left (length all-unscheduled-readlng-vna))))) 

(vn:apllce-vn blocklng-vn 
nev-eopy-vn 
unecheduled-readlng-vna 
unacheduled-off-llve-readlng-vna) 

(:= (vn:readers-left blocklng-vn) 
(+ 1 (- ftftft (vn:readere-left nev-copy-vn) ) ) ) 



o 
(loop (for readlng-vn in unscheduled-reading-vna) (do 

;*•* * (ale) 
(lf (!=s readlng-vn vn) (then 

(ach.vn:dequeue readlng-vn) ) ) 
(:= (vn:predecessors-left readlng-vn) (+ ftftft 1) ) ) ) 

(push (vn:constraining-vns vn) nev-copy-vn) 
(push (vn:conatralnlng-dolays vn) 0) 
(:= (vn:predeceesora-left vn) (• ftftft 1) ) 

(puah (vn:constrained-vns nev-copy-vn) vn) 

(sch.vn:cycle:enqueue nev-copy-vn »is.cycle») 
•abort) ) ) ) ) 

(SCH.VN:VN:DESCENDANT? VN DESCENDANT-VN) 

Returne true lf DESCENDANT-VN really la a descendent of VN. Thia la 
Inplenented by recuraing back up through all the predeceasora of 
DESCENDANT-VN until either ve run out of predeceasora. va hit a acheduled 
VN, or ve hit VN Itself. Ve knov ve can atop recuraing when ve hit a 
acheduled predeceaaor, since VN (and all Its descendants) are unecheduled. 

We night have to change thia lapleaentatlon to uae bit sets or sonethlng 
aa ln connon aubaxpresalon ellnlnatlon to aake It linear; we'll eee 
how expensive it la. 

(defun Bch.vn:vn:descendant? ( vn deacendant-vn ) 
(?( (s= vn deacendant-vn) 

t) 
( (vn:scheduled-cycle deacendant-vn) 
0 ) 

( t 
(II (for-aoae (operand-vn ln (vn:operand-vns deacendant-vn) ) 

(ach.vn:vn:descendant? vn operand-vn) ) 
(for-aoae (conatralnlng-vn ln (vn:conatralnlng-vna deocendant-va)) 

(ach.vn:vn:descendant? vn conatraining-vn) ) ) ) ) ) 
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•*•»*•** 
******** •»* Copyright (C) 1088 John R. Ellis. Thia file nay be used for 

*** educational and research purposes only, by the faculty, studenta, »*»»*»** 
*»* and staff of Yale University only. ***•••** 
*** —----_— 
(eval-when (conplle load) 

(Include llst-acheduler:declarations) ) 

.******** 

*»* 
»** 
*»* 
**• 
»*» 
*** 
*** 
*** 
*** 
*** 
*** 
*** 
»** 

=3==33S========================33333S3======S========333333333333S3S=3SS3SS 

(SCH.OPERATION-VN:SCHEDULE VN) 

Attenpts to schedule VN, an operation, requeuelng it lf It can't 
be acheduled for any reason. 

If the operation has no readera left, that neans Its only use vas 
an off-live use at a split vhlch haa already been scheduled above 
the operation; the operation ls nov useless and can be acheduled 
aa a NOOP. 

(defun sen.operation-vn: schedule ( vn ) 
(lf (ftft (=s o (vn:readers-left vn) ) 

(vn:nane vn) ) 
(then 

(ach.noop-vn:achedule vn) ) 
(elae 

(resource.start-transaction) 
(lf (sch.operatlon-vn:schedule? vn) (then 

(resource.coaait-tranaactlon) ) 
(else 

(resource.abort-transaction) 
(sch.vn:cycle:enqueue vn (• »la.cycle* 1) ) ) ) 

0 ) ) ) 

(defun 8ch.operatlon-vn:achedule? ( vn ) (prog () 

(let ( (fu-ae (vn:ne vn) ) 
(unlque-operand-vna (nodupleaq (vn:operand-vns vn) ) ) 
(dest-ne () ) 
(deat-register () ) ) 

;*** Try scheduling the functional unit resources. 
;••• 

(lf (! (cycle:reaource-requeat:achedule? *ls.cycle* (ae:reeourcea fu-ae))) 
(then 

(return () ) ) ) 

;*** Try scheduling the resources needed to read the operands. 
;*** 

(lf (! (for-every (operand-vn ln unlque-operand-vna) 
(ach.operation-operand-vn:fu-ae:achedule-read? 

operand-vn fu-ne) ) ) 
(then 

(return () ) ) ) 

;*** Find a good destination register bank and try to achedule 
;*** the write of the result. 
;**• 

(if (vn:nane vn) (then 

(:= deat-ae (sch.Bource-ae:deBt-ae:vn:plck-reglater-ba_k? 
fu-ae 
(8Ch.vn:aax-helght-deat-ae vn) 
vn) ) 

(lf (! dest-ne) (then 
(return ( ) ) ) ) ) ) 

;**• At this point, ve knov ve can schedule the operation; all the 
;•** resources have already been scheduled. 
;*** 
;*•* Dacrenent the read counts of the operands, possibly freeing 
;*•* up their regiatera. 
;»** 

(:= (va:acheduled-cycle vn) »ls.cycle») 

(sch.vn:release-operands vn) 

;»*• Allocate a register for VN. 
;••* 

(lf deat-ae (then 
(:= deet-reglster 

(cycle:ne:vn:allocate-regleter »la.cycle» dest-ne vn () ) ) ) ) 

;*** Mark the operands as having been read this cycle. 
;•*» 

(loop (for operand-vn ln unlque-operand-vna) (do 
(:= (vn:read-cycle operand-vn) »la.cycle») ) ) 

;*** Assign the reglater location to thia VN, inserting 
;*** copy VNa as necesary, and decrenentlng the predecessor 
;•*• counts of readers and constrained VNs. 
;•** 

(If dest-ne (then 
(sch.vn:ne : register : cycle : assign-location 

vn 
dest-ne 
dest-reglater 
(+ *la.cycle« (• (ne:delay fu-ae) 1) ) ) ) ) 

(ach.vn:releaae-8ucce88ora vn) 
(sch.vn:release-off-live vn) 

;**• Place a aachine operation for VN on the schedule. 
;••• 

(ech.operation-va:scbedule-aachlne-operatlon vn) 

(return t) ) ) ) 

» = = = S S S S S S S S S S S S S S S 3 = = = S S S S S = = S S S S S S S S S S S = S = = = = = = = S S = S S S S 3 = = = = £ 

* (SCH.CPERATI0N-OPERAND-VN:FU-ME:SCHEDULE-READ? VN FU-ME) 
* 
* VN is an operand of an operation, and FU-ME ls the functional unit 
* where that operation vill be conputed. Thia procedure attenpte to 
* schedule the resources necessary to read the value of VN and deliver 
* It to the Input of FU-ME. There are two Independent considerations: 
• 

1. The value of VN say be ln either a register bank or a conatant 
generator. 

2. The value of VN aay have already been read this cycle, eo 
we don't need to schedule the reaourcea for the register bank 
or conatant generator. 

1 2 
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1 
;*»» 
»*• Returns true lf VN can be read thia cycle, false otherwise. As a 
:••* aide effect, the reaourcea for reading VN and aovlng It to FU-ME 
:••• are scheduled. 
;*«* 
• ••3=333====S3S3333=====3SSS=S3S========33333SS3S33S=33S333=====3=33: 

(defun sch.operation-operand-vn:fu-ne:schedule-read? ( vn fu-ae ) (prog () 
(let ( (ne (ach.vn:locatlon-ne vn) ) ) 

(lf (ftft (!s= «is.cycle* (vn:read-cycle vn) ) 
(I (cycle :reeource-requeat: schedule? 

«ls.cycle* 
(lf (ss 'constant-generator (ne:type ne) ) 

(ae:resources ne) 
(ne:read-reaourcea ae) ) ) ) ) 

(than 
(return 0 ) ) ) 

(lf (! (cycle:resource-request:achedule? 
•Is.cycle* 
(ae:ae:resources ae fu-ae) ) ) 

(then 
(return 0 ) ) ) 

(return t) ) ) ) 

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

* (SCH.SOURCE-ME:DEST-ME:VN:PICK-REGISTER-BANK? SOURCE-ME DEST-ME VN) 
* 
« Attenpts to find a "good" register bank connected to the outputs 
* of SOURCE-ME to which we can nova a value froa SOURCE-ME. The 
* register-bank ME la returned lf found, otherwise () la returned. 
* As a aide effect, the reaourcea needed to write the reeult into the 
* register bank are acheduled. 
* 
* DEST-ME la the next destination of the value after it la stored ln 
* the register bank, and VN la the COPY or OPERATION VN vhlch needs 
* the register bank. 
• 
* To find a good register bank, ve look at ones that: 
* 
* - are connected to the output of the SOURCE-ME; 
* - are on the ahorteat path to DEST-ME; 
* - have a free reglater; 
* - can have the result aoved to thea froa the functional unit and 
* written (i.e. there are free reaourcea); 
* 
* Of theae regieter banks, ve find the ones that will cause alnlnun 
* conflicts for the readera of VN. If we still have a choice, we'd 
* prefer a register bank that ls DEST-ME Itself (ln case DEST-ME is 
* a reglater bank, e.g. for a USEl). 
* 
• ==============SS333==================3====33=SS3SS=S3S33==: 

(defun sch.source-ae:dest-ne:vn:plck-reglater-bank? 
( aource-ne deat-ae vn ) 

(let«( (wrlte-cycle (• »la.cycle* 
(lf (=s 'functional-unit (ne:type source-ae)) 

(ne:delay source-ae) 

3 
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0) ) ) 
(eourco-dest-delay (ae:ae:delay source-ae deat-ae) ) 

(avallable-aea 
(loop (for ae ln (ne:outputs aource-ne) ) 

(when (ss Teglater-bank (na:type aa) ) ) 
(when (|| (! deat-ae) 

(ss ae deat-ae) 
(< (ae:ae:delay ae deat-ae) 

source-dest-delay) 
(ftft (== 0 source-dest-delay) 

(== 0 (ae:ae:delay ae deat-ae) ) 
(== 'functional-unit 

(ao:type deat-ae) ) ) ) ) 
;*•* 
;••* We allow a "sideways" aove — 
;*** a aove that gets us no closer 
;**• to the dest — only lf the dest 
;**• ls a FU and the the value lo 
;•** already ln a register connected 
;••• to the FU. 

(when (cycle:ne:vn:free-register? *1B.cycle« ae vn) ) 
(when (cycle:resource-request avai lable? 

wrlte-cycle 
(ae:ae:resources aource-ne aa) ) ) 

(when (cycle : re source-request : available? 
vrl te-cycle 
(ae:vrlte-reeourcea ae) ) ) 

(eave-alnlnuna ae (sch.vn:ne:reading-vn-confllcte vn ae) ) ) ) 

(reglater-bank-ne 
( lf (nenq deat-aa avallable-aea) 

deat-ae 
(car avallable-aea) ) ) ) 

( l f (I reglater-bank-ne) (then 
0 ) 

(else 
(cycle :resource-request : schedule 

vrlte-cycle 
(ne:ne:reaourceB eource-ae reglater-bank-ae) ) 

(cycle:reaource-requeat:echedule 
wrlte-cycle 
(ne:wrlte-resourcee raglatar-bank-ne) ) 

reglater-bank-ae) ) ) ) 

(SCH.OPERATION-VN:SCHEDULE-MACHINE-OPERATION VN) 

Places the aachlna operation for VN. an operation, on the schedule. 

(defun Bch.operatlon-vn:achedule-aachlne-operatloa ( vn ) 
(let ( (last-cycle 

(• »la.cycle* (ae:delay (vn:ne vn) ) ) ) 
(operands 

(loop (for operand-vn ln (vn:operand-vns vn) ) 
(bind operand-ne (sch.vn:locatlon-ae operand-vn) ) 

(save 

4 
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(lf (s= "constant-generator (ae:type operand-ne) ) (then 

' (.(ne :naae operand-ne) 
,(vn:naae operand-vn) ) ) 

(alee 
' (,(ne :naae operand-ne) 
. (vn:register operand-vn) 
, (vn:naae operand-vn) ) ) ) ) ) ) ) 

(if (vn:register-bank-ae vn) (then 
(push operands 

'(.(ne:nane (vn:reglater-bank-ae vn) ) 
,(vn:reglater vn) 
,(vn:naae vn) ) ) ) ) 

(puah ([] »la.schedule* »Is.cycle*) 
'(.vn ,(ne:nane (vn:ne vn) ) ,(vn:operator vn) ..operands) ) 

(loop (Incr cycle fron (+ *ls.cycle* 1) to laat-cycle) (do 
(puah ([] *ls.schedule* cycle) 

'(.vn ,(ne:naae (vn:ne vn) ) ) ) ) ) 

(:= »la.last-cycle* (nax ftftft laat-cycle) ) 
0 ) ) 
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*** Copyright (C) 1083 John R. Ellis. This file aay be used for ******** 
*** educational and research purpoaes only, by the faculty, students. ******** 
*** and staff of Yale University only. ******** 

SPLITS AND JOINS 

Thia aodule inplenents the part of the Hat-scheduler dealing with splits 
and joins, doing the work of SCHEDULE:SPLIT and SCHEDULE:JOIN. 

To generate the proper DEFs and USEa at splits and joins, ve conpute 
of the extents (llfetlaea) of VNa. That ia, for each VN, ve record 
the first cycle in vhlch lta value becoaea available and the last cycle 
lta value ls used. We keep a vector that gives, for each cycle, the 
set of VNs that are live on entry to that cycle (whose extents Include 
that cycle). 

Partial schedules add coaplicatlons. When ve ask for the aet of live 
VNa at a join, what ve're really lntereated ls the aet of live VNa on 
entry to the partial achedule that vill be generated to preceded the 
join. Slallarly, when ve aak for the aet of live VNa at a apllt. we're 
really lntereated in the VNs that are live on exit froa the partial 
achedule that will inserted ln the split. So we actually coapute two 
different extent vectors, one for joins and one for splits. 

For joins, a VN doesn't becone live until the cycle after the cycle 
that wrote the value (the cycle after the end of the operation); the 
VN's value becoaes dead at the end of the aaxlaua of: 

1. The aaxlaua. over all readers, of the last cycle of the reader. 
2. The aaxlaua. over all off-live readera (which are juapa), of 

the last cycle of the junp. 

For epllta, a VN becoaea live on entry to the cycle after the cycle 
ln which the VN la acheduled (the cycle lta operation started) ; the 
VN'a value becoaea dead at the end of the cycle which ls the aaxlaua 
of: 

1. The aaxlaua. over all readers, of the first cycle of the reader. 
2. The aaxlaua. over all off-live readere (which ara juapa). of 

the cycle after the end of the junp. 

The second conputatlon accounts for the fact that a value that ls 
off-live at a apllt reaalna alive until after the juap has executed, 
and ehould be reported alive at the split. 

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

To efficiently coapute the live extents of VNa, ve uae two auxiliary 
vectora: GEN gives for each cycle the set of VNs whose values first 
becoae live at the beginning of the cycle; and KILL gives for each cycle 
the aet of VNs whose values becone dead after the end of the cycle. 
The LIVE vector ls coaputed as: 

LIVEt I ] :s (UVE[ 1-1 ] - KILLt 1-1 ] ) • GEN[ I ] 

(eval-when (coaplle load) 
(Include Hat-scheduler:declaratlona) ) 

1 
PS : <C. S. BULLDOG. LIST-SCHEDULER. TEST>SCH-SPLn 

}--» 

;•*• For debugging only. 
(declare (epeclal 

•tr.trace-nunber* 

•ach.cycle : split-live* 
•ach.cycle : join-live* 
) ) 

l»*==S3=33==S3=33=3=3333=3=SS3S3================S33S3==333=333S33====S=S= 

•*• 
'•• (SCH.COMPUTE-LIVE-DEAD) 
>** 
>** Coaputea the live-dead infornation for splits and joins as described 
>** above. Thia procedure ahould be called after all the VNa have been 
•** scheduled. 
•** 
l * * S S 3 = S = = = = = = = = = = = S 3 = = = S = = = S = S = = = = = S = S S 3 S 3 S S = = = = = = = = 3 = = = = . 

(defun Bch.conpute-live-dead 0 
(:= •sch.cycle:split-live* 

(sch.gen-function :kill-function :conpute-llve-vector 
•ach.vn:apllt-gen-cycle 
•ech.vn:8pHt-klll-cycle) ) 

(:= *8ch.cycle:Join-live* 
(sch.gen-function:klll-function:coapute-live-vector 

•sch.vn: Joln-gen-cycla 
•ee_.vn:Joi_-kill-cycle) ) 

0 ) 

>••====== =======3S3333============S3====3333===3==_ 
I * * 
• •• (SCH. GEN-FUNCTION : KILL-FUNCTION : COMPUTE-LIVE-VECTOR 
>*• LIVE GEN-FUNCTION KILL-FUNCTION) 
>** 
>** This function conpntes the LIVE vector, as described above. 
>** GEN-FUNCTION and KILL-FUNCTION take a aingla arguaent, a VN, and 
>** return the first cycle that VN la live or the laat cycle It la live. 
>** The nev live vector ls returned. The GEN-FUNCTION returns () lf 
>** the VN doesn't produce a value. 
>** 
> * * = = = = = = = = = = = = = = = = S 3 S 3 = = = = = = = = = = = = = = = = = = = 3 = 3 = = = 3 S = = 

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

(let ( (live (nakevector (+ *ls.last-cycle* 8) ) ) 
(gen (aakevector (+ *la.last-cycle* 3) ) ) 
(kill (nakevector (+ »la.last-cycle* 8) ) ) ) 

(vector:Initialize live »vn-set.enpty-eet*) 
(vector:initialize gen *vn-aet.enpty-aet*) 
(vector:initialize kill •vn-aet.enpty-aet») 

;*** Set GEN and KILL for each VN. 
;••• 

(loop (for-each-vn vn) 
(bind gen-cycle (funcall gen-functlon vn) ) 
(vhen gen-cycle) 
(bind kill-cycle (funcall kill-function vn) ) 

(do 
(:= ([] gen gen-cycle) (vn-set:unlonl ftftft vn) ) 
(:= ([] kill kill-cycle) (vn-set:unlonl ftftft vn) ) ) ) 
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»«»: 
*** 
»»* 
*** 
*»» 
»** 
• »* 
• ** 
*** 
*** 
»** 
• •*: 

;•** Coapute LIVE froa GEN and KILL 
;••• 

(:= ([] live 0) (• gen 0) ) 
(loop (Incr 1 froa 1 to (+ 2 «la.laat-cycle«) ) (do 

(:= ([] live 1) 
(vn-aet:unlon 

(vn-aetdifference ([] live (-11)) 
([] kill ( - 1 1 ) ) ) 

([] gen 1) ) ) ) ) 

live) ) 

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

Theee functlona return the first and laat cyclee that a VN ia live, for 
splits and joins. The -GEN- functlone return () lf the VN doeen't produce 
a value. 

(defun Bch.vn:spllt-gen-cycle ( vn ) 
(ftft (vn:reglater-bank-ne vn) 

(caseq (vn:type vn) 
(defl 

0) 
(operation 

(• (vn:acheduled-cycle vn) 1) ) 
(copy 

(• (vn:echeduled-cycle vn) 1) ) 
(t 

())))) 

(defun Bch.vn:joln-gen-cycle ( vn ) 
(ftft (vn:reglater-bank-ae vn) 

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

(defl 
0) 

(operation 
(+ (vn:acheduled-cycle vn) 

(• 1 (ne:delay (vn:ne vn) ) ) ) ) 
(copy 

(+ (vn:echeduled-cycle vn) 1) ) 
(t 

())))) 
(If (ftft (I (vn:readlng-vna vn) ) 

(> cycle (sch.vn:Join-kill-cycle vn) ) ) 
(then 

0 ) 
(else 

cycle) ) ) ) ) 
;•*• Hairiness here: If a VN haa no readere but Just off-live 

;«*• readera, and all those off-live readera are echeduled in 
;*«* the saae cycle ln vhlch VN'a value is produced, then for 
;*«* the purposes of join-live the value of VN la never generated 
;•«• (ve don't want to report lta locatlona). 

(defun 8ch.vn:spllt-klll-cycle ( vn ) 
(aax 

(loop (for readlng-vn ln (vn:readlng-vns vn) ) 
(reduce nax 0 

(caaeq (vn:type readlng-vn) 
(operation (vn:scheduled-cycle readlng-vn) ) 
(copy (vn:acheduled-cycle readlng-vn) ) 
(usai (+ 2 «la.last-cycle«) ) 
(t 

(error (list readlng-vn "Caee error."}))))) 

(loop (for off-llve-readlng-vn ln (vn:off-llve-reading-vne vn) ) 
(reduce nax 0 

(+ (vn:acheduled-cycle off-llve-readlng-vn) 
(• 1 

(ne:delay (vn:ne off-llve-readlng-vn)))))))) 

(defun ach.vn:Joln-klll-cycle ( vn ) 
(nax 

(loop (for readlng-vn ln (vn:readlng-vns vn) ) 
(reduce aax 0 

(caseq (vn:type readlng-vn) 
(operation (+ (vn:acheduled-cycle readlng-vn) 

(ae:delay (vn:ae readlng-vn) ) ) ) 
(copy (vn:scheduled-cycle reading-vn) ) 
(ueel (+ 2 «Is.last-cycle«) ) 
(t 

(error (list readlng-vn "Case error.")))))) 

(loop (for off-live-reading-vn in (vn:off-llve-readlng-vna vn) ) 
(reduce nax 0 

(• (vn:8cheduled-cycle off-llve-readlng-vn) 
(ne:delay (vn:ae off-llve-readlng-vn))))))) 

(SCH.CYCLE:SPLIT-DEF CYCLE) 

Constructs a DEF for a aplit at CYCLE (the last cycle of the Juap 
la acheduled for CYCLE). 

-===3333==========s=====333=====333==333333======= 

(defun sch.cycle:apllt-def ( cycle ) 
'(def 

,,(lf «ls.traca-lnfornatlon?« 
'( (Strace ,*tr.trace-nunber* JJcycle ,(• cycle 1) ) ) 

..(loop (for-each-vn-set-eleeent ([] *sch.cycle:split-live* 
1) ) 

(save *(,(vn:nane vn) 
vn) 

(••• cycle 

PS : <C. S.BULLDOG.LIST-SCHEDULER.TEST>SCH-SPLITS-JOINS.LSP.59 



1 
,(ne:naae (vn:reglater-bank-ae vn) ) 
.(vn:reglater vn) ) ) ) ) ) 

; » * ^ = = = = = = S = = S = = = = = = = = = = = = = = = = 3 M = = = = = = = = 3 = = = = S = : 

;•«• 
;•*« (SCH.CYCLE:JOIN-USE CYCLE) 
;•** 
;««* Constructs a USE for a Join to the beginning of CYCLE. 
;*** 
; * * * 3 S = = = = = = = S = = = = = = = 3 S = = = = = = = = = = = 3 = = 3 = 3 S 3 3 3 = = 3 = S S = 3 3 = 3 = = S 3 = = = = = 3 = 3 3 3 3 

(defun ach.cycle:Joln-uae ( cycle ) 
'(use 

..(If «ls.trace-lnfornatlon?« 
'( („trace .«tr.trace-nuaber» „cycle .(• cycle 1) ) ) 
0 ) 

..(loop (for-each-vn-aet-eleaent ([] *ach.cycle:Joln-llve* cycle) vn) 
(save *(,(vn:nane vn) 

.(ne:naae (vn:reglater-bank-ne vn) ) 
,(vn:register vn) ) ) ) ) ) 

; * * » = = = = = = = = = = = = = = = = = = = = = = = = S S S 3 = = = = = = = = = = S 3 =====33=33333======= 3S3S3S3: 

;*«* (SCH.CYCLE:SPLIT-PARTIAL-SCHEDULE SPLIT-CYCLE) 
;••• 
;*** Returna the partial achedule for a apllt at SPLIT-CYCLE. The partial 
;*•* schedule conelsts of those operations spanning the boundary between 
;*** SPLIT-CYCLE and the eucceedlng cycle. 
:*•• 
; * * * = = = = = = = = = = = = = = = = = = S S = S 3 3 = 3 3 3 3 3 = S = S 3 = = = = = = = : 

(defun sch.cycle:split-partlal-schedule ( split-cycle ) 
(loop (Incr cycle fron (• split-cycle 1) to »la.aax-achedule-slze«) 

(bind partial-cycle 
(loop (for vnftoper in ([] *la.schedule* cycle) ) 

(bind (vn . oper) vnftoper) 
(when (ftft (=s 'operation (vn:type vn) ) 

(<= (vn:scheduled-cycle vn) split-cycle) ) ) 
(save vnftoper) ) ) 

(while partial-cycle) 
(save 

(if *l8.trace-lnforaatlon?* (than 
*( (0 . (0 trace ,*tr.trace-nunber« epllt ,(• 1 split-cycle))) 

..partial-cycle) ) 
(else 

partial-cycle) ) ) ) ) 

; * * * = 3 = = _ = S 3 S = = = = = = = = = _ - = = 3 3 = = = = = = = = = = = = = = = = = = = = : 

;••• 
;••* (SCH.CYCLE:JOIN-PARTIAL-SCHEDULE JOIN-CYCLE) 
;••• 
;•** Returns the partial schedule for a Join at JOIN-CYCLE. The partial 
;**• echedule consists of those operations spanning the boundary between 
;•*• JOIN-CYCLE and the previous cycle. 

• * * * = = = = = = S S _ = = = = = = = 3 S = S 3 S S 3 S = 3 = = S 3 S = — = = S = = = = = = = = = = = = = = = = = = S = = = = = 3 3 : 

(defun ech.cycle:Joln-partlal-echedule ( join-cycle ) 
(dreverse 

5 
PS :<C.S.BULLDOG.LIST-SCHEDULER.TEST>SCH-

1 "I 
(loop (deer cycle froa (- Join-cycle 1) to 0) 

(bind partial-cycle 
(loop (for vnftoper ln (0 *la.schedule* cycle) ) 

(bind (vn . oper) vnftoper) 
(when (ftft (== 'operation (vn:type vn) ) 

(<= Join-cycle 
(• (vn:acheduled-cycle vn) 

(ne:delay (vn.ae vn) ) ) ) ) ) 
(aave vnftoper) ) ) 

(vhile partial-cycle) 
(aave 

(lf *ls.trace-lnforaatlon?* (then 
'( (() . (() trace ,*tr.trace-nunber* Join ,(+ 1 join-cycle))) 

.,partial-cycle) ) 
(elae 

partial-cycle) ) ) ) ) ) 

6 
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* * • • • ****** 
••* Copyright (C) 1083 John R. Ellis. This file aay be used for ******** 
•** educational and research purposes only, by the faculty, studenta, •**•***• 
*»* and ataff of Yale University only. ******** 
*** __ _ __——******** 

LIST SCHEDULER 

This aodule lapleaenta the aaln part of the Hat scheduler and lta 
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) 

Theae procedures are all docunented ln 
DOCUMENATION:CODE-GEN-INTERFACE.DOC. 

For the inplenentatlon details, start with the body of GENERATE-CODE. 
The list achednler proper starts with SCH.SCHEDULE below. 

(eval-when (coapile load) 
(include llat-achedulerdeclarations) ) 

(eval-when (coapile) 
(build '(llat-acheduler:heap) ) ) 

(declare (special 
•tr.trace-nuaber* ;*** For debugging only. 

(defvar •ls.nax-achedule-slze* 400) 

(dafun lnltlallze-code-generator () 
(vn.initialize) 
(dag.initialize) 
(ach.initialize) ) 

(defun generate-code ( live-before source-record-Hst live-after ) 
(vn.initialize) 
(dag.nake live-before aource-record-llst live-after) 
(bug.asalgn-nes) 

(nsg 0 t "Last BUG cycle - • 
(loop (for-each-vn vn) 

(when (vn:bug-cycle vn) ) 
(naxlalze 
(• (vn:bug-cycle vn) 

(caaeq (vn:type vn) 
(operation (ne:delay (vn:ae vn) ) ) 
(t 0) ) ) ) ) 

t) 

(sch.schedule) 

•Is.schedule») 

1 
PS :<C.S.BULLDOG.LIST-SCHEDULER. 

«-""""US». 

(defun echedule:length ( achedule ) 
(lf (s= schedule •la.achedule«) 

(• *la.laat-cycle* 1) 
(length schedule) ) ) 

(defun echedule:[] ( schedule 1 ) 
(let*( (vnftoper-llst 

(lf (ss schedule *ls.schedule*) 
([] »Is.schedule* ( - 1 1 ) ) 
(nth-elt schedule 1) ) ) 

(result 
(loop (for (vn . oper) ln vnftoper-llst) (save 

'(.oper .(ftft vn (vn:datua vn) ) ) ) ) ) ) 

(lf (ftft •la.trace-lnfornatlon?» 
(ss schedule »le.echedule*) ) 

(then 
'( ( (() trace .•tr.trace-nuaber*) 0 ) 

..result) ) 
(else 

reault) ) ) ) 

(dafun achedule:Join ( echedule 1 ) 
(asaert (== schedule «Is.achedule*) ) 
(let ( (cycle ( - 1 1 ) ) ) 

*(.(Bch.cycle:joln-uae cycle) 
.(ach.cycle:joln-partlal-schedule cycle) ) ) ) 

(defun echedule:split ( schedule 1 junp-nunber ) 
(assert (== schedule «la.achedule*) ) 
(let ( (cycle ( - 1 1 ) ) ) 

'(,(ach.cycle:apllt-def cycle) 
,(ach.cycle:split-partlal-ochedule cycle) ) ) ) 

(SCH.SCHEDULE) 

This procedue is the top-level list-scheduler that actually echedules 
VNs on the schedule. 

(declare (special 
»sch.data-ready-heap* 

;*•• 
;*«* This ls the llet-echeduler's data-ready queue, lapleaented 
;*«* aa a HEAP. Whan a VN ls scheduled, the scheduling 
;«*« procedure adds any newly-data-ready VNa to the HEAP. 
;•*• VNa are kept aorted by VN:CYCLE, the earliest cycle that 
;••• the VN could be scheduled; within the saae cycle, VNs 
;**• of larger height will take priority. 

•sch.split-live« 
•sen.Join-live* 

;*•• 
;•*• Froa SCH-SPLITS-JOINS. 

2 
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•sch.vna-to-releaee-off-llve* 
;*•• 
;*»• VNs that are "off-live read" by a conditional junp cannot 
;*** have their readera-left count deallocated until the start 
;*** of the cycle AFTER the cycle containing the conditional 
;*** Junp. Thia variable holds the list of the off-live VNs 
;*** of Junps scheduled ln the current cycle; after the cycle 
;•*• ia acheduled we'll go over the Hat. releasing the 
;••• off-live VNs. 

) ) 

(defun sch.Initialize () 
•is.schedule* 0 ) 
•la.laat-cycle* () ) 
•la.cycle* 0 ) 
»sch.data-ready-heap* () ) 

s »sch.vn8-to-release-off-live* () ) 

(:s *sch.split-live* 0 ) 
(:= *sch.Join-live* 0 ) 

;*** Initialize aupport nodules. 
;**• 

(registers.initialize) 
(resource.initiallze-achedule 'ls) 
0 ) 

(defun ach.schedule () 

(sch.initialize) 

;*** Initialize data structures. 
;*** 

(:= »Is.schedule* (aakevector *ls.nax-schedule-size») ) 
(:= *l8.1a8t-cycle* -1) 
(:= »la.cycle* 0) 
(:= *ach.data-ready-heap* (heap:create 'ach.vn:vn:heap-coapare) ) 

;*** In i t ia l i ze fialda ln the DAG. 
;*** 

(dag.aet-eounta) 
(loop (for-each-vn vn) (do 

(:= (vn:cycle vn) 0) ) ) 

;*** Mark USEl-ed registers as "avoid lf possible." 
;«*« 

(Bch.aark-used-reglsterB) 

;*** Schedule all the VNs ln the DAG with no predecessors (DEFs and 
;*** pseudo-ops). This will fill the data-ready queue with "real" 
;**• VNa. 
;••• 

(loop (for vn ln *ls.entry-vns*) (do 
(sch.vn:schedule vn) ) ) 

;*•* While there are aore VNa to achedule, pick one out of the 
;*** data-ready queue and try to schedule it. 
;*** 

(loop (while (> (heap:slze *ach.data-ready-heap*) 0) ) 
(bind vn (heap:delete *3ch.data-ready-heap*) ) 

3 
PS :<C.S.BULLDOG.LIST-SCHEDULER.TEST>SCHEDULEF 

(do 
(asaert (! (vn:scheduled-cycle vn) ) 

(h vn) t "SCHEDULER: VN already echeduled.") 

(If (!s= «la.cycle* (vn:cycle vn) ) (then 
(sch.release-off-live) ) ) 

(;s »is.cycle* (vn:cycle vn) ) 

(sch.vn:schedule vn) ) 
(result 

(sch.release-off-live) ) ) 

;•** Run various debugging conalatency checks. 
;**• 

(sch.check-consistency) 

;»»* Conpute the live-dead Infornation. 
:•** 

(sch.coapute-11ve-dead) 

;*** Sort the operations on the echedule by source order (using 
;*** VN-.NUMBER — groan). Thia overkill le only to keep Junpe 
;*** acheduled ln the aaae cycle ln eource order. 
;**• 

(loop (incr cycle fron 0 to *la.last-cycle*) (do « 
(:= ([] »is.achedule* cycle) 

0 ) 

(sort ftftft ( f : l ( vnftoper1 vnftoper2 ) 
(< (vn:nunber (car vnftoparl) ) 

(vn:nunber (car vnftopert) ) ) ) ) ) ) ) 

** 
** (SCH.MARK-USED-REGISTERS) 
** 
*• Marke every reglater aentioned ln a USEl aa "avoid lf poaalbla*. 
** The register allocator will avoid these regiatare lf possible, thua 
** reducing the aaount of copying we need to do. 
** 
• *3 3 3 3 S S S 3 3 S S S S S S = S 3 S 3 S 3 3 = = = = = = = = 3 3 S S 3 3 = 2 = S = = = = = = = = = 

(defun ach.nark-used-reglsters () 
(loop (for vn ln »ls.exit-vns») 

(when (== 'uae (vn:type vn) ) ) 
(do 

(loop (for usel-vn in (vn:operand-vna vn) ) 
(when (vn:reglater ueel-vn) ) 

(do 
(vn:record-preferred-location usel-vn) ) ) ) ) 

(SCH.CHECK-CONSISTENCY) 

Perfores varloua debugging and consistency checks after fornlng a 
schedule. 

(defnn ach.check-conalatency () 
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;*** Make eure all the VNa vere scheduled. 
;*•• 

(loop (for-each-vn vn) 
(vhen (I (neaq (vn:type vn) '(def use) ) ) ) 

(do 
(asaert (vn:acheduled-cycle vn) 

(h vn) t "SCHEDULER: VN vasn't acheduled.") ) ) 

;•** Make sure registers were freed up properly. 
;••» 

(loop (for ae ln »la.register-bank-nes») (do 
(loop (Incr 1 fron 0 to (- (ne:size ne) l) ) 

(bind vn (cycle:ae:register:occupied? 
(+ 1 *la.last-cycle») ae 1) ) 

(when vn) 
(do 

(assert (for-sone (readlng-vn ln (vn:readlng-vns vn) ) 
(== 'usel (vn:type readlng-vn) ) ) 

"Register * 1 " ln bank * (ne:nane ne) " containing: " t 
(h vn) t 
"wasn't freed up.") ) ) ) ) 

0 ) 

(SCH.VN:CYCLE:ENQUEUE VN CYCLE) 

Placée VN on the data ready queue to be echeduled no earlier than 
CYCLE. 

(defun sch.vn:cycle:enqueue ( vn cycle ) 
(:= (vn:cycle vn) (nax ftftft cycle) ) 
(heap:insert *sch.data-ready-heap* vn) 
0 ) 

** 
** (SCH.VN:DEQUEUE VN) 
** 
** Rénoves VN froa the data ready queue "preaaturely" if It la ln the 
** queue. If It isn't, nothing ls done. It win get requeued eventually 
** later on. 
*• 
* * = = = = = = S = = = = = 3 S S S = = = S S = S S = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = S = = = = = 

(defun sch.vn:dequeue ( vn ) 
(lf (== 0 (vn:predecessors-left vn) ) (then 

(heap:rénove *Bch.data-ready-heap* vn) ) ) 
0 ) 

**= 
** *• (SCH.VN:VN:HEAP-COMPARE VNI VN2) 
** 
** Conparlson function used by the list-scheduler priority queue. VNI 
** takes priority over VN2 lf either its :CYCLE 1B earlier or. lf the 

5 
PS :<C.S.BULLDOG.LIST-SCHEDULER.TEST>SCHEDULEF 

" > 

;*** :CYCLEs are the saae. lf lta :HEIGBT la larger; or lf the :HEIGHTa 
;*** are the sane, lf :BUG-CYCLE la earlier. 
:•** 
:***=== 

(defun 8ch.vn:vn:heap-coapare ( vni vn2 ) 
(?( (< (vn:cycle vni) (vn:cycle vn2) ) 

t) 

( (ss (vn:cycle vni) (vn:cycle vn2) ) 
(?( (> (vn:helght vni) (va:helght vn2) ) 

t) 
( (ss (vn:helght vni) (vn:helght vn2) ) 
(lf (ftft (vn:bug-cycle vni) 

(vn:bug-cycle vn2) ) 
(then 

(< (vn:bug-cycle vni) (vn:bug-cycle vn2) ) ) 
(else 

t) ) ) 
( t 
0 ) ) ) 

( t 
0 ) ) ) 

*• 
** (SCH.VN:SCHEDULE VN) 
** 
*• Thle procedure tries to schedule VN by dispatching to the appropriate 
** procedure according to VN's type. Each auch procedure trlee to echedule 
*• VN ln the current cycle. If it succeeds, any nev data-ready successor 
** VNa are enqueued in the data-ready heap. If It falls. It enqueues VN 
** back ln the heap for a later cycle. 
** 
• • 3 3 S S S 3 = = = = = = = = = = = = = = = = = = = = = = 3 = = = = 3 = = = = = = = 3 3 = . 

(defun sch.vn:schedule ( vn ) 
(caseq (vn:type vn) 

(pseudo-op (sch.pseudo-op-vn:schedule vn) ) 
(def (sch.def-vn:schedule vn) ) 
(operation (sch.operatlon-vn:schedule vn) ) 
(copy (sch.copy-vn:schedule vn) ) 
(uael (sch.usel-vn:echedule vn) ) 
(t 

(error (list vn "Case error.") ) ) ) ) 

(SCH.PSEUDO-OP-VN: SCHEDULE VN) 

Schedules a pseudo-op VN by placing Its pseudo-operation on the 
schedule. 

(defun sch.pseudo-op-vn:schedule ( vn ) 
(:= (vn:scheduled-cycle vn) »Is.cycle*) 

(push ([] *ls.schedule* «Is.cycle*) 
'(.vn () ,.(vn:oper vn) ) ) 
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"1 1 

(:s »la.last-cycle* (aax 
0 ) 

»la.cycle*) ) 

(SCH.DEF-VN:SCHEDULE VN) 

Schedules a DEF VN nerely by scheduling all of it readera vhlch are 
DEFI VNa. 

(dafun Bch.def-vn:achedule ( vn ) 
(:= (vn:scheduled-cycle vn) *ls.cycle») 

(loop (for readlng-vn ln (vn:reading-vna vn) ) (do 
(ach.defl-vn:schedule readlng-vn) ) ) 

0 ) 

• •SS3===SS===SSSSSSSSS===============3S=SSSS3S3SS3==S=S=S========= 
• • 
** (SCH.DEFI-VN:SCHEDULE VN) 
** 
** VN la a DEFI. If VN la a conatant DEF, then all of its successors 
•* are released into the scheduling queue. 
*» 
•* If VN la a reglater bank, then a register la allocated and assigned 
** to to it, and all the successors are released Into the scheduling 
** queue. If this la a loop trace and VN's naae la written on thia 
** trace, then we assuae the naae la an induction variable; we aet the 
** locatlona of all the USEla of the aane nane that don't currently 
»* have a register location to be the register just allocated to thia 
*» DEF VN. Thia will reduce copying of the induction variables, and 
** any copying that nust be done will be integrated into the body of 
** the loop (presunably filling "holes* ln the schedule). 
»* 
• *: 

(defun sch.defl-vn:schedule ( vn ) 
(let ( (dest-ne (vn:ne vn) ) 

(dest-register () ) ) 

(:= (vn:scheduled-cycle vn) »Is.cycle») 

(lf (ss 'constant-generator (ne:type dest-ne) ) (then 
(sch.vn:splice-copies vn) ) 

(else 
(:= dest-register 

(cycle :ae:vn:allocate-reglster 
0 deat-Be vn (vn:register vn) ) ) 

(lf (ftft »la.loop-trace?» 
(< 0 (dag.nane:trace-wrlte-count (vn:nane vn) ) ) ) 

(then 
(if-let ( (U8a-vn (dag.nane:uae-vn (vn:nane vn) ) ) ) (then 

(loop (for usel-vn ln (vn:operand-vna use-vn) ) 
(when (! (vn:reglster usel-vn) ) ) 

(do 
(:= (vn:reglater-bank-ne usel-vn) deat-ne) 
(:= (vn:oa usel-vn) deat-ne) 

(:= (vn:llkely-aea ueel-vn) '(.dest-ne) ) 
(:= (vn:register usel-vn) dest-register) 
(vn:record-preferred-location usei-vn))))))) 

(sch.vn:ne:reglater:cycle:assign-location 
vn 
dest-ne 
dest-reglater 
0) ) ) 

(ach.vn:release-sueceeaora vn) 
0 ) ) 

(SCH.USEl-VN:SCHEDULE VN) 

VN Is a USEl. It ls "scheduled" Juet by insuring that if it requires 
a specific location then the value ls actually there. 

(defun ach.usel-vn:8chedule ( vn ) 
(:= (vn:acheduled-cycle vn) »la.cycle») 
(lf (vn:reglater-bank-ae vn) (then 

(let ( (operand-vn (car (vn:operand-vna vn) ) ) ) 
(asaert (ftft (ss (vn:reglater-bank-ae vn) 

(vn:reglater-bank-ae operand-vn) ) 
(== (vn:regieter vn) 

(vn:regieter operand-vn) ) ) 
(h vn) t 
•A value didn't end up ln lta USE location.") ) ) 

•* (SCH.NOOP-VN:SCHEDULE VN) 
** 
** VN ls either a COPY or an OPERATION vhlch we've decided shouldn't 
** produce any nachlne opertlons. But becauae the bookkeeper Interface 
•• needs a representative for each eource operation on the schedule, ve 
** need to echedule a NOOP aachine operation. 
•• 
** Currently the only NOQPe arise froa sone operation that produces 
•* a value whose only use ls as an off-live variable at a split. If 
•• the operation ls scheduled belov the split. It can ba acheduled as 
•* NOOP that doesn't consune any resources. 
•• 
**nggggg=ggggggggggggggggggg_T?g_______________ •__•••.___---—_______—___. 

(defun ach.noop-vn:schedule ( vn ) 
(:= (vn:acheduled-cycle vn) els.cycle*) 

(sch.vn:release-operands vn) 
(sch.vn:release-8ucce8sor8 vn) 
(sch.vn:releaae-off-llve vn) 

(push ([] *ls.schedule* »la.cycle*) 
'(.vn 
0 
noop 
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,,(vn:oper vn) ) ) 
(:= »18.laat-cycle* (aax ftftft *le.cycle») ) 
0 ) 

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

;*«• 
;*** (SCH.VN:RELEASE-OPERANDS VN) 
;««* 
;*** For each operand of VN, thia procedure decreaenta the readers-left 
;•** count. If the count reaches 0, the VN'a register ls deallocated. 
;*** 
; M * = = = = = s s s s = = = = s = = = = = = = = = = = = 3 S 3 = = = = = = = = = = = = s s s 3 = s s = = : 

(defun sch.vn:release-operands ( vn ) 
(loop (for operand-vn in (vn:operand-vns vn) ) (do 

(ach.vn:read-release operand-vn) ) ) 
0 ) 

;»«*=== ===S===============SS========33S===s=======333333=333===: 
;•** 
;**• (SCH.VN:RELEASE-OFF-LIVE VN) 
;*** (SCH.RELEASE-OFF-LIVE) 
;*** 
;**• SCH.VN:RELEASE-OFF-LIVE perforée a function sinllar to 
;*** SCH.VN:RELEASE-OPERANDS. But the readers-left count of the off-live 
;*** VNa can't be decrenented until after the end of the current cycle 
;*** (becauae an off-live VN'a value aust stay alive until after the juap 
;*** coapletes). So ve Just renenber this VN. and at the end of thia 
;*** cycle SCH.RELEASE-QFF-LIVE will be called to do the actual release. 
;*** 
;**»S3SSS3SSSS3====3=3==33333S=======3333SSSSS======3S3=SS======3=333333=: 

(defun ach.vn:release-off-live ( vn ) 
(if (vn:off-live-vns vn) (then 

(push »sch.vns-to-release-off-llve* vn) ) ) 
0 ) 

(defun ach.release-off-live () 
(loop (for vn ln »sch.vns-to-release-off-llve*) (do 

(loop (for off-llve-vn in (vn:off-Hve-vns vn) ) (do 
(8Ch.vn:read-release off-llve-vn) ) ) ) ) 

(:= »Bch.vn8-to-relea8e-off-llve» () ) 
0 ) 

;***S=S33SS=SSSS3SS=====S33S====S=SSSSSSS===S=====SSSSSS=============_s: 

;*** 
;*** (SCH.VN:READ-RELEASE VN) 
;*** 
;*** Decrenents the readers-left count of VN, and if it reaches 0, then 
;*** lt8 register ls deallocated. 
;*** 
;*** A VN's register cannot be reused by sonebody else until the naxlaua, 
;*** over all the readers, of the laat cycle of the reader, and the 
;*** aaxlaua, over all the off-live readera. of the cycle following the 
;*** end of the off-live reader. Thia guarrantees that the a read register 
;*** ls "alive" for the duration of all the operations that read it. 
;*** 
; * * •===S=======3SS=33=3==SS==33S====S=3=SS==3===3S33S=========S=====3S3====: 
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(defun ach.vn:read-release ( vn ) 

(:= (vn:readers-left vn) (- ftftft 1) ) 
(lf (ftft (<s (vn:readers-left vn) 0) 

(vn:reglster-bank-ne vn) ) 
(then 

(let ( (cycle-free 
(aax 

(loop (for readlng-vn in (vn:reading-vna vn) ) 
(reduce nax 0 

(caseq (vn:type readlng-vn) 
(operation 

(• (vn:echsduled-cycle readlng-vn) 
(ne:delay (vn:ae readlng-vn) ) ) ) 

(copy 
(vn:acheduled-cycle readlng-vn) ) 

(t 
(error (list readlng-vn "Case error.")))))) 

(loop (for off-llve-readlng-vn 
in (vn:off-llve-readlng-vna vn) ) 

(reduce aax 0 
(• (vn:echeduled-cycle off-llve-readlng-vn) 

(• 1 
(ne:delay (vn:ne off-llve-readlng-vn))))))))) 

(cycle : ne : regiater : deallocate cycle-free 
(vn:reglater-bank-ae vn) 
(vn:regieter vn) ) ) ) ) 

* * = = = S = = = = 3 = = 3 S S 3 = = = = = = = s = = = S S S = = = = = 3 = = = S = = 3 = = = = = = = S S = S = 3 3 
** 
** (SCH.VN:RELEASE-SUCCESSORS VN) 
** 
*• Decrenents the predeceaBora-left count of each successor of VN. Zf 
** it reaches 0, the eucceeaor la enqueued for scheduling. A reading 
** successor la enqueued for the cycle that the value of VN becoaea 
** available; a constrained successor ls enqueued for the current cycle 
** plue the delay of the constraint. 
•• 
* * 3 S = = = = S S = = S = = = = = = = = = = = = = = = = S S S = S = = = = = = = S = S S S = = = S = 

(defun sch.vn:release-successors ( vn ) 
(let ( (available-cycle 

(caseq (vn:type vn) 
( (operation copy) 

(vn:register-cycle vn) ) 
( t 
•Is.cycle«) ) ) ) 

(loop (for readlng-vn ln (vn:reading-vna vn) ) (do 
(:= (vn:cycle readlng-vn) (nax ftftft available-cycle) ) 
(lf (>s o (:s (vn:predecee8ora-left readlng-vn) (- ftftft 1) ) ) 
(then 

(sch.vn:cycle:enqueue readlng-vn (vn:cycle readlng-vn) ) ) ) ) ) 

(loop (for constralned-vn ln (vn:constrained-vna vn) ) (do 
(:= (vn:cycle constralned-vn) 

(aax ftftft 
(cycle :delays : constrained-cycle 

*ls.cycle» 
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(vn:delay vn) 
(vn:delay constralned-vn) 
(vniconatralned-vn:delay vn constralned-vn)))) 

( l f (>= 0 (:= (vn:predecessors-left constralned-vn) (- ftftft 1) ) ) 
(then 

(ech.vn: cycle :enqueue constralned-vn 
(vn:cycle constralned-vn)))))) 

0 ) ) 

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

;**• 
;•** (SCH.VN:ME:REGIST-R:CYCLE:ASSIGN-LOCATION VN ME REGISTER CYCLE) 
;*** 
;•** Assigns a regieter location to VN that la available at tine CYCLE 
;•** and later. Updatea the live-dead table to signify a nev live VN 
;**• starting at CYCLE. Copies are spliced betveen VN and all the readers 
;**• of VN that can't read lta value directly. 
;•*• 
; * * * = = = = S S = S S S S S 3 S = = = = = S 3 3 3 3 3 3 3 = = = = = = = = 3 S 3 3 3 = = = = = = 3 3 = = i 

(defun sch.vn:ae:reglater:cycle:assign-location ( vn ne reglater cycle ) 
(:= (vn:register-b_nk-ae vn) Be) 
(:s (vn:register vn) reglater) 
(:= (vn:register-cycle vn) cycle) 

(sen.vn:splice-copies vn) 
0 ) 

;***=SSSS3SSS===========33=3=========333S3S3SS=======333S3SSS3S3=============33 

;*** 
;*** (SCH.VN:SPLICE-COPIES VN) 
;**• 
;*** Splices one or nore copies betveen VN and thoae readera that can't 
;*** read the current location of VN directly. Each reader la exaalned 
;*** ln turn to aee lf it can read the current location of VN. All the 
;*** readera that can't are grouped according to the first ME on the path 
;*** froa the location of VN to the desired destination of the reader 
;**• (a functional unit or reglater bank). Between VN and each euch group 
;*** la spliced a new COPY VN. 
;*** 
; * * * = = = = S S S S S S = S S S S S = = = = = S = = = = = = = = S S S 3 3 3 S 3 S S = = = = = = = = = = S S = = = = = = 

(defun Bch.vn:apHce-coplea ( vn ) 
( l e t ( (flrat-on-pathftreadlng-vna-table () ) ) 

(loop (for readlng-vn ln (vn:readlng-vns vn) ) 
(bind flrat-on-path (ach.vn:readlng-vn:needa-copy? 

vn readlng-vn) ) 
(when flret-on-path) 

(do 
( l f - l e t ( (neftreadlng-vna (assoc flrst-on-path 

flrst-on-pathftreadlng-vns-table))) 
(then 

(push (cdr neftreadlng-vns) readlng-vn) ) 
(else 

(push flrst-on-pathftreadlng-vns-table 
'(.flrat-on-path ,readlng-vn) ) ) ) ) ) 

(loop (for (() . readlng-vns) in f1rst-on-pathftrending-vns-table) 
(bind copy-vn (vn:create (vn:new 

type 'copy 
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1 
naae (vn:naae vn) 
height (vn:height vn) 
cycle »la.cycle* 
readers-left (length readlng-vna) 
predeceaaora-left 1) ) ) 

(do 
(vn:apllce-vn vn copy-vn readlng-vna () ) 
(:= (vn:readere-left vn) (*> 1 (- ftftft (length reading-vna) ) ) ) ) ) 

0 ) ) 

» * * = = = = = = = = = = = = = = = = = = _ _ _ _ _ = = = = S = = = = = = = = = = = = = _ = = = = = = 

>** 
»»» (SCH.VN:READING-VN:NEEDS-COPY? VN READING-VN) 
>»* 
>«» Returns non-() lf READING-VN can't read the value of VN froa Its current 
>** location, false o.v. The non-() value returned Is usually the first ME 
>•* on the path froa the location of VN to wherever READING-VN vanta lt. 
k * * 
» • * = = = = = = = = = = = = = = 3 = S S S S S = = = = = = = = = = = = = S S S = S = = = = S S = = = = = 3 

(defun sch.vn:readlng-vn: needs-copy? ( vn readlng-vn ) 
(let ( (source-ae (ach.vn:location-ne vn) ) ) 

(? ;*** READING-VN la an operation. A COPY la needed if the 
;*»• location of VN ls not one of the direct Inputs of 
;**• the functional unit assigned READING-VN, or lf 
;*** the current location of VN conflicts with the other 
;*»* operands of READING-VN. 
;*•• 

( (ftft (== 'operation (vn:type readlng-vn) ) 
(II (! (nenq eourca-ne (ne:lnputa (vn:ne readlng-vn) ) ) ) 

(ech.vn:ne :readlng-vn: conflict? 
vn aource-ne readlng-vn) ) ) 

(ne:ne:flrat-on-path aource-ne (vn:ne readlng-vn) ) ) 

;*** READING-VN le a USEl. A COPY Is needed lf VN'a 
;**• location ls a constant generator, or lf VN'e register 
;*** location ls not the sane as that required by the 
;*** USEl. 
;•*• 

( ( = 'usel (vn:type readlng-vn) ) 
(?( (s= 'constant-generator (no:type source-ae) ) 

(lf (! (vn:regleter-bank-ne vn) ) (then 
t) 

(elee 
(ne :ne :flret-on-path eource-ne 

(vn:reglater-bank-ae readlng-vn))))) 

( (ftft (vn:reglater-bank-ae readlng-vn) 
(II (!ss source-ae (vn:reglater-bank-ne readlng-vn) ) 

(|ss (vn:regieter vn) (vn:regieter readlng-vn)))) 
(ne:ne:flret-on-path eource-ne 

(vn:reglster-bank-ae readlng-vn) ) ) 

( t 
0 ) ) ) 

( t 
())))) 
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»** 
•*» (SCH.VN:ME:READING-VN-CONFLICTS VN ME) 
**» 
*»» Returns the nuaber of readere of VN that conflict with using ME 
*»* for the result of VN. ME ls either the destination register bank 
*•* to be used for VN or elae the conatant generator assigned to VN. 
**» 
**» A reader of VN, RVN conflicts with the choice of ME for storing VN 
*** lf it isn't poaalbla for RVN to read out all of lta operands ln the 
*** sane cycle (e.g. becauae there aren't enough ports). 
•** 
»** Currently, we assuae that the only possible resource that could cauae 
»** conflict ls the nuaber of available ports (I.e. all porta of of a 
**» regieter bank are connected to the identical aet of destinations). 
»** So checking to see lf ME conflicts with previously assigned operands 
*** is nerely a satter of counting the nunber of ME ports required by 
**• all the operands. 
»•* 
»**===3=3==3=3333=33333=33=33SS=3====33============ ==============333333=3= 

(defun 8ch.vn:ne:readlng-vn-confllcta ( vn ne ) 
(loop (for readlng-vn ln (vn:readlng-vna vn) ) 

(when (sch.vn:me:readlng-vn:conflict? vn ne readlng-vn) ) 
(reduce « 0 1 ) ) ) 

(defun 8ch.vn:ne:readlng-vn:conflict? ( vn ae readlng-vn ) 
(lf (s= 'constant-generator (ae:type ae) ) (then 

(loop (for operand-vn ln (vn:operand-vns readlng-vn) ) 
(when (!== vn operand-vn) ) 
(when (=s ae (vn:ae operand-vn) ) ) 

(do 
(return t) ) 

(reeult () ) ) ) 

(elae 
(let ( (read-ports (ne:read-ports ae) ) ) ;»** Coapiler bug. 

(> (8ch.vn:ae:readlng-vn:requlred-porta vn ne readlng-vn) 
read-porta) ) ) ) ) 

(defun sch.vn:ne:readlng-vn:requlred-porta ( vn ne readlng-vn ) 
(loop (for operand-vn ln (vn:operand-vna readlng-vn) ) 

(when (!== vn operand-vn) ) 
(when (== ne (vn:reglater-bank-ae operand-vn) ) ) 

(reduce • 1 1) ) ) 

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

;••• 
;*•* (SCH.VN:MAX-HEIGHT-READING-VN VN) 
;*** 
;*** Returns the reader of VN of aaxlaun height. 
;••• 
; * * * = S S S S = S = = = S S = 3 S S S 3 = = = = = = = = = = = = = = = 

(defun BCh.vn:nax-helght-readlng-vn ( vn ) 
(loop (for readlng-vn ln (vn:readlng-vna vn) ) 

(aaxlnlze readlng-vn (vn:height readlng-vn) ) ) ) 
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1 •1 
* 
* 
* 
* 
* 
* 
» 
* 
* 
* 
* 
» 
* Returning () neans that ve don't have any particular preference for 
* a a deatinatlon ME; thia should only occur lf VN Is a USEl and doeen't 
* have a required location. 
* 
» GROAN: We uee an unexported function froa BUG. 
» 

(SCH.VN:MAX-HEIGHT-DEST-ME VN) 

Finds the reader of VN that haa aaxlaua height, and then returns 
the deatinatlon ME that VN auat deliver lta reault to for It to be 
used by the reader. The ME returned depends on the type of 
READING-VN: 

OPERATION: the functional unit aaslged to the VN. 
COPY: wherever the aax height reader of VN vanta lta value. 
USEl: any reglater bank assigned to the use. 

(defun ach.vn:eax-helght-deat-B» ( vn ) 
(bug.vn:dest-ne 

(loop (for readlng-vn ln (vn:readlng-vns vn) ) 
(naxlalze readlng-vn (vn:height readlng-vn) ) ) ) ) 

• * * = = S 3 = = = = = = = = = = = = = = = = = = = 

• • • 

•*« (SCH.VN:LOCATI0N-ME VN) 
•«« 
»•* 
• ** 
• ** 
»** 
>•« 
•»» 

Returne the current ME location of the value of VN vhlch auat be 
read to get tha value of VN. Noraally. this ls the reglater bank 
ME. unless VN la a DEFI assigned a constant generator, ln which case 
the e.g. ME la returned. 

(defun Bch.vn:location-ne ( vn ) 
(lf (ftft (vn:ne vn) 

( = 'constant-generator (ae:type (vn:ne vn) ) ) ) 
(vn:ne vn) 
(vn:reglater-bank-ae vn) ) ) 

(defun ach.print-schedule () 
(nsg 0 t "Schedule:" t) 
(loop (Incr 1 fron 0 to «Is.last-cycle*) 

(asg (j I S ) " : » 
(h (loop (for (vn . oper) in ([] 

oper) ) ) 
t) ) ) 

0 ) 

(do 

•Is.schedule* 1) ) (eave 
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•••***»• 
*•*»»*** ** Copyright (C) 1088 John R. Ellla. This file say be uaed for 

** educational and reeearch purposes only, by the faculty, etudenta. »»»•»•** 
** and ataff of Yale University only. ******** 
* * — _ ______ _—___ ____________** ****** 

A pipelined sequential aodel used for coaparlng with ELI-MODEL.LSP. 

One operation can be Initiated every cycle, and the reglater port can 
read and write a value every cycle. 

(def-aachlno-Bodel 

;•** Reglater bank R 
;••* 

(def-ae (naae 
(type 
(alze 
(lnputa 
(raad-porta 
(wrlte-porta 
(raad-reaourcea 
(wrlte-reaourcea 

(def-reaource-claaa r-read 8) 
(def-resource-class r-wrlte 1) 

r) 
register-bank) 
•.(• 8 84) ) 
(ful fu3 fu4 r c) ) 
8) 

O 
( (r-read) ) ) 
( (r-wrlte) ) ) ) 

;*** Conatant generator C 
;••* 

(def-ae (naae c) 
(type constant-generator) 
(resources ( (conatant) ) ) 
(conatralnt-function sn.inaedlate-constant?) ) 

(def-reaource-claaa constant 1) 

;*** 1-cycle functional unit FUI 
;«•• 

(def-ne (nane ful) 
(type functional-unit) 
(delay 0) 
(lnputa ( r e ) ) 
(resources ( (cycle) ) ) 
(operators (float fix lnot ldlv Isub leq lnax lain Iadd lneg lor 

ige lit H e lne lexp Inul Igt land labe bltrev 
lf-true lf-false lf-llt lf-lgt lf-ieq lf-lne lf-lle 
lf-lge lf-ieq lf-lne lf-lle lf-lge) ) ) 

;*** 8-cycle functional unit FUS 
;••• 

(def-ne (naae 
(type 
(delay 
(lnputa 

fu3) 
functional-unit) 
2) 
(re)) 

(resources ( (cycle) ) ) 
(operatora (fsub fadd fneg fain fnax faba fdlv cos sin sqrt fit 

fgt feq fne fie fge) ) ) 

;*** 4-cycle functional unit FU4 
:••• 

(def-ne (nane fu4) 

(type functional-unit) 
(delay 3) 
(lnputa (r c) ) 
(resources ( (cycle) ) ) 
(operators (vbase lvload fvload lpload fpload lvstora fvatore 

lpstore fpstore faul laul) ) ) 

(def-resource-claaa cycle 1) ) 

(defun BB.lnaedlate-conatant? ( constant ) 
(?( (lnunp constant) 

(ft* (< constant 2047) 
(> constant -2048) ) ) 

( (s o constant) 
t) 

( (consp constant) 
(=s "address (car conatant) ) ) 

( t 

0 ) ) ) 

(defun load-constant? ( constant ) 
(lf (sa.lBaadlate-conatant? conatant) (then 

(!== 'load *la.laaedlate-con8tant-actlon*) ) 
(elae 

t) ) ) 

1 2 
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1 D 
- _ , „ _______ _ 

;•** Copyright (C) 1888 John R. Ellis. This file aay be uaed 
;*** educational and reeearch purpoaea only, by the faculty. 
;*** and ataff of Yale University only. 

; The ELI aodel need by Rutt's CG experlaente. 

(allaa """ 'atoaconcat) 

(defun en.cluster ( 1 (unlque-naae unique-fields) ) 
(let ( (cl (atonconcat 'cl) ) 

(cl-3 (atoaconcat 'c (aod 
(cl-l (atoaconcat *c (aod 
(ei+1 (atoaconcat 'c (aod 
(d+8 (atoaconcat "c (aod 

'( 

(- 1 3) 8) ) ) 
(- 1 O 8) ) ) 
(• 1 1) 8) ) ) 
<*- 1 8) 8) ) ) ) 

;*•* Reglater bank C1R 
;*•* 

(def-ae (naae 
(type 
(size 
(inputs 

(read-ports 
(wrlta-porta 
(read-resources 
(vrlte-reeourcee 

(def-reeource-class .(— 
(def-reeource-class .(— 

. ( - cl -r) ) 
register-bank) 
64) 
(.(" cl-8 T) 
,(~* cl-l T) 
.<— cl T) 
,(** cH-1 *r) 
.(— cl-t-3 *r) 
, (— ci *c) 
. (— ci 'n) 
. ( - ci '•) 
,(~ cl '=) 
,(— cl unlque-naae) 
8) 
8) 
( (,(— cl T-read) 
( (,(~~ cl 'r-write) 
cl T-read) 8) 
cl T-wrlte) 8) 

;*** Integer adder Cl« 
;*•• 

(def-ae (naae ,(— :l '•) ) 
(type functional-unit) 
(delay 0) 
(lnputa (.(--

.(— 
(resources ( (,( 

Cl T) 
cl «c) ) ) 
- cl 'O ) ) ) 

(operators (float fix lnot ldlv isub 
Iadd 
land 

(def-reaource-class ,(~* 

lor ige lit He lne 
laba bltrev) ) ) 
ci '•) 0 

;*** Integer tester Ci= 
;••• 

(def-ae (nana ,(— :l •=) ) 
(type functional-unit) 
(delay 0) 
(lnput8 (.(~* cl T) 

) ) 
) ) 

leq 
lexp 

for 
studenta, 

) ) 

) 
) ) 

inax lain 
laul igt 

******** 
******** 
******** 

.(— cl 'c) ) ) 
(reaources ( (,(~~ ci 's) ) ) ) 
(operators (lf-true lf-false if-llt lf-lgt lf-ieq lf-lne 

lf-lle if-ige lf-ieq lf-lne lf-lle lf-lge))) 
(def-reeource-clasB ,(""* cl '=) 1) 

;*** Meaory C1M 
;••• 

(def-ae (naae .(— cl *a) ) 
(type functional-unit) 
(delay 2) 
(inputa (.("" ci T) 

. { — cl 'c) ) ) 
(reaourcee ( (.(— ci 'a) ) ) ) 
(operatora (vbase ivload fvload lpload fpload ivatore 

fvstore lpstore fpetore) ) ) 
(def-resource-class .(**" cl 'a) 0 

;*** Constant generator C1C 
;••* 

(def-ae (naae ,<"-* ci *c) ) 
(type constant-generator) 
(reaources ( (.(""" ci 'c) ) ) ) 
(constraint-function 

(laabda ( constant ) 
(?( (lnunp constant) 

(ftft (< constant 2047) 
(> constant -2048) ) ) 

( (s 0 constant) 
t) 

( (consp constant) 
(== 'addreaa (car conatant) ) ) 

( t 
()))))) 

(def-reaource-claaa .(** ci 'c) 1) 

;*** Unique functional-unit 
:••• 

(def-ne (naae 
(type 
(inputs 

,(~" ci unlque-naae) ) 
functional-unit) 
(.(— cl T) 
.(— cl -c) ) ) 

(reaourcea ( (,(~~ ci unlque-naae) ) 
,,unique-fleide) 

(def-reaource-claaa , (*"* cl unlque-naae) 1) 

) ) 

;*** BUB connectlona 
;••• 

(def-bus .(*-* cl-8 T) .(— 
(def-bua ,(— cl*3 T) .(— 
(def-bus ,(*— cl-l T) ,(*-
(def-bus .(•-* cl*l T) ,(** 

cl 
cl 
cl 
cl 

T) 
T) 
T) 
T) 

0 
0 
0 
0 

) ) ) 

(:= ea.floating-teat 
'(f= 
( (delay 0) 
(operators (lf-flt lf-fgt lf-feq lf-fae lf-fle lf-fge) ) ) ) ) 

(:= en.table-lookup 
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•(t 
( (delay 0) 
(operatora (fdlv ldlv cos sin sqrt) ) ) ) ) 

(:= ea.floatlng-nultiply 
'(f* 
( (delay 3) 
(operatora (faul laul) ) ) ) ) 

(:~ ea.floatlng-add 
•(-• 
( (delay 2) 
(operatora (faub fadd fain faax faba) ) ) ) ) 

(eval '(def-aachlne-aodel 

..(ea.cluater 0 ea.floating-test) 

..(ea.cluater 1 ea.table-lookup) 

..(ea.cluater 2 ea.floatlng-aultiply) 

..(ea.cluater 3 ea.floatlng-add) 

..(ea.cluater 4 ea.floating-teat) 

..(ea.cluater 6 ea.table-lookup) 
,.(ea.cluater 8 ea.floatlng-nultiply) 

. ..(ea.cluater 7 ea.floatlng-add) 

3 
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*** Copyright (C) 1888 John R. Ellis. This file aay be uaed for ******** 
*** educational and reaaarch purposes only, by the faculty, students, *****••* 
»** and ataff of Yale University only. ******** 
* * * ** ****** 

SHORTEST PATH 

This aodule provides functions for constructing and accessing the 
shorteet paths between aachine eleaents. 

(SHORTEST-PATH.INITIALIZE) 
Initializes this aodule. 

(SHORTEST-PATH.COMPUTE) 
Constructs the shortest-path tables using a transitive closure 
algoritha. 

(SHORTEST-PATH.PRINT) 
Prints out the table of ehorteat-path délaye between all MEa. 

(ME:ME:DELAY ME1 ME2) 
Returne the delay ln getting a value froa the outputs of ME1 to 
the lnputa of ME2. The delay ia the nunber of cyclea required for 
the aove and 1B currently equivalent to the nuaber of regieter banka 
along the path between the outputs of MEl and the lnputa of ME2. 
Either MEl or ME2 aay be (), ln which case the result la 0. 

(ME:ME:FIRST-ON-PATH MEl ME2) 
Returne the list of of MEs that are first on the shortest path froa 
MEl to ME2; () lf MEl s HE2. 

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

(déclara (apeclal 
•ap.ae:ae:path» 
•ep.ee:ee:delay* 

(defun shortest-path.initialize () 
(:= *Bp.ae:ae:path* () ) 
(:- *sp.ae:ae:delay* () ) 
0 ) 

(dafun ehorteat-path.coapute () 
(let*( (size (ae-unlverse:size) ) 

(path (array:new '(.size .size) ) ) 
(delay (array:new '(.elze .size) ) ) ) 

(:- *sp.ne:ne:path* path) 
(:~ *ap.ne:ne:delay* delay) 

(loop (for-each-ee ne) (do 
(loop (for output-ae ln (ae:outpute ne) ) (do 

(:= ([]a delay (ae:nunber ne) (ne:nunber output-ne) ) 
0) 

(push ([]a path (ne:nunber ne) (ne:nuaber output-ae) ) 

output-ae) ) ) ) ) 

(asg 0) 
(loop (incr k froa 0 to (- size 1) ) 

(bind ae-k (ae-unlverse:nuaber:ae k) ) 
(when (== Teglater-bank (ae:type ae-k) ) ) 

(do 
(aag " " k) 

(loop (Incr 1 froa 0 to (- alze 1) ) 
(when (!== 1 k) ) 
(bind i-k-delay ([]a delay 1 k) ) 
(when i-k-delay) 

(do 
(loop (incr J froa 0 to (- alze 1) ) 

(when (!s= j k) ) 
(bind 1-j-delay ([]a delay 1 j) 

k-j-delay ([]a delay k j) ) 
(when k-j-delay) 
(bind i-k-J-delay (• 1 (• 1-k-delay k-J-delay) ) ) 

(do 
(T( (II (! 1-J-delay) 

(< 1-k-J-delay 1-J-delay) ) 
(:= ([]a delay 1 J) 1-k-J-delay) 
(:= ([]a path 1 j) ([]a path I k ) ) ) 

( (s= i-k-J-delay 1-j-delay) 
(:s ([]a path i J) 

(unionq ftftft ([]a path 1 k))))))))))) 

0 ) ) 

(defun ae:ae:delay ( ael ae2 ) 
(?( (! ael) 

0) 
( (! ae2) 
0) 

( t 
([]a *ap.ae:ae:delay* (ae:nuaber nel) (ue:nu_ber ne2) ) ) ) ) 

(defun ne:ae:flret-on-path (ael ae2 ) 
(?( (I ael) 

0 ) 
( (! ne2) 
0 ) 

( t 
([]» *ap.ae:ae:path* (ae:nuaber nel) (ne:nuuber ne2) ) ) ) ) 

(defun shortest-path.print 0 

(let ( (elze (ne-unlveraa.-elze) ) ) 

(loop (incr flrat-j froa 0 to (- size 1) by 13) 
(bind laat-J (nln (• flrst-j 12) (- size 1) ) ) 

(do 
(nsg 0 t) 
(let ( (naaea 

(loop (Incr j fron first-J to laat-J) (save 
(sp.nane:apllt (ae:nane (ae-unlverae:nuBber:ae J) ) 

t) ) ) ) ) 
(nag 0 8) 
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(loop (for (top-naae bottoa-naae) ln naaea) (do 
(nag "|" (jc top-naae -4) ) ) ) 

(aag 0 0) 
(loop (for (top-naae bottoa-naae) ln naaea) (do 

(aeg "|" (jc bottoa-naae -4) ) ) ) ) 

(aag 0) 
(loop (Incr 1 froa 0 to (- size 1) ) 

(bind ae-l (ae-unlverae:nunber:ae 1) 
(left-naae rlght-naae) (ap.naae:split (ne:naae ae-l) ())) 

(do 
(lf (eqstr •* rlght-naae) (then 

(asg (c left-naae) (t 11) ) ) 
(elae 

(aag (c left-naae) •//• (c rlght-naae) (t 11) ) ) ) 

(loop (Incr J froa flrat-j to laat-J) 
(bind ae-j (ae-unlverae:nuaber:aa J) 

val (ae:ae:delay ae-l ae-J) ) 
(do 

(lf val (then 
(lf (lnunp val) (then 

(asg (j val -4) " •) ) 
(else 

(asg (f val 4 2) " ") ) ) ) 
(else 

(•Bg (Jc "_" -5) ) ) ) ) ) 

(Bflg t) ) ) ) ) 

0 ) ) 

(SP.NAME:SPLIT NAME SPLIT-<=8?) 

Auxiliary function used by LS.DELAY-TABLE:PRINT to produce pretty 
truncated labels for the aarglna. 

(defun ap.naae:apllt ( nana spllt-<=8? ) 
(?( (<= (stlength naae) 4) 

'(.naae ••) ) 

( (<= (stlength naae) 8) 
(lf Bpllt-<=8? 

*(,(substring nana 1 4) 
.(substring naae 6) ) 

'(,naae "•) ) ) 

( t 
'(.(substring naae l 4) 
,(aubatring naae -4) ) ) ) ) 

3 
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;*»» Copyright (C) 1083 John R. Ellis. This file aay be used for 
;»•» educational and reeearch purposes only, by the faculty, studente 
;**• and staff of Yale University only. 

; ELI MACHINE-MODEL 

; A alnple-Blnded, unrealistic ELI with 4 aaaory clusters. 4 floating 
; clusters, alaost all paraaetera hardwired. 

(alias •""• 'atoaconcat) 

(defun ea.Bake-Beaory-cluster 
(let ( (al 

(Bl-1 
(nl*l 
(fl 
(fi-1 

'( 
(def-

(def-
(def-

(def-

(def-

(def-

(atoaconcat 
(atoaconcat 
(atoaconcat 
(atoaconcat 
(atonconcat 

-ae (naae 
(type 
(size 
(lnputa 

( i n ) 
n 1) ) 
n (nod (- 1 1) n) ) ) 
n (nod (• 1 1) n) ) ) 
f 1) ) 
f (nod (- 1 1) n) ) ) ) 

. (— ni T) ) 
register-bank) 
82) 
(.(-al '*•) 
. (- al 'a) 
. (~* ai 'c) 
. (— Bi T) 
. (— al-1 T) 
. ("- BH-1 T) 
.(— fl-l T) 
.(- fl T) ) ) 

(read-ports 6) 
(write-porte 4) 
(read-reaourcee ( (,(~* al T-read) ) ) ) 
(wrlte-reeourcea ( (,(*" al T-wrlte) ) ) ) ) 

•reaource-class , ("-* al 'r-read) 6) 
-resource-class . (*"* al 'r-wrlte) 4) 

-ae (naae 
(type 
(delay 
(Inputs 

(reeourcei 
(operatorl 

.(— al '•) ) 
functional-unit) 
0) 
(.(— ni T) 
.(— al 'c) ) ) 

. ( (,(— nl '•)))) 
i (lf-ieq lf-lne lf-lgt lf-lge lf-lle If-

if-ieOaod lf-true lf-false labs Iadd 1 
ldlv leq lexp leOaod Ige Igt He Ht j 

******** 
, »••••••* 
******** 

—•••»»»»» 

-lit 
Land 
Laax 

lain laul lne lneg lnot lor isub bltrav) ) ) 

-resource-class ,("" •! '+) 0 

•ae (naae 
(type 
(delay 
(lnputa 
(reeourcei 

.(— al 'a) ) 
functional-unit) 
2) 
(.(- 11 T) ) ) 
( (.(«- ni 'n) ) ) ) 

(operatora (vbaae lvload fvload lpload fpload Ivatore 
fvatore lpatore fpatore) ) ) 

(def-reaource-claaa . ( — al *a) 1) 

(def-ae (naae . ( — al *c) ) 
(type constant-generator) 
(resources ( (.(— al *c) ) ) ) 
(conatraint-function 

(laabda ( conatant ) 
(I I (conap constant) 

(lnunp constant) ) ) ) ) 

(def-reeource-class . ( — al *c) 1) 

(def-bus . (— al-1 T) . (— al T) 1) 
(def-bus , (~ al+1 T) . ("~* al T) 1) 
(def-bua . ( — fl-l T) .(*-* al T) 1) 
(def-bue .(-- fl T) .(— nl T) 0 
) ) ) 

(defun ea.aake-floatlng-cluater ( i n ) 
(let ( (nl (atonconcat 'n l) ) 

(ni+1 (atonconcat 'a (aod (+ 1 1) n) 
(fl (atoaconcat 'f 1) ) ) 

'( 
(def-ae (nana ,(~~ fl T ) ) 

(type reglater-bank) 
(alze 82) 
(lnpute (,(~~ fl '•) 

. ( — fl '=) 
, ( - fi '•) 
. ( - fi T ) 
,(-Bl T) 
.(— Bl+1 T) ) 

(read-ports 4) 
(write-porte 8) 
(read-re8ourcea ( (,("" fl 
(wrlte-reaourcea ( (,(— fi 

(def-reaource-claes ,("~ fl T-read) 

) ) 

) 

T-read) ) ) ) 
T-vrite) ) ) ) ) 

4) 
(def-reaource-class .(** fl T-wrlte) 8) 

(def-ae (nane ,(~* fl '•) ) 
(type functional-unit) 
(delay 1) 
(lnpute (.(— fl T ) ) ) 
(reaourcea ( (.{— fl ' • ) ) ) ) 
(operatora (fabs fadd feq fge fgt fix fie float fit 

faax fain fna fneg faub) ) ) 

(def-ne (naae ,("* fl '=) ) 
(type functional-unit) 
(delay 0) 
(lnpute (.(— fl T ) ) ) 
(reaourcee ( (.("- fl '*) ) ) ) 
(operatora (lf-feq lf-fne lf-fgt lf-fge lf-fle lf-flt) ) ) 

(def-reeource-class ,(~~ fl '•) 1) 

(def-ne (naae ,(~" fl '•) ) 
(type functional-unit) 
(delay 2) 
(lnpute (.(— fl T ) ) ) 
(reaourcee ( (,(~* fl '*) ) ) ) 
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(operators (faul fdlv fexp coe ein eqrt tan) ) ) 

(def-reaource-class ,(•*" fl *•) 1) 

(def-buB ,(— al T) .(— fl T) 1) 
(def-buB ,(— nH-l T) .<*-* fl T) 1) 

(eval 
*(def-aachine-aodel 

..(loop (Incr 1 fron 0 to 8) (splice 
(en.aake-neBory-cluater 1 4 ) ) ) 

..(loop (Incr 1 froa 0 to 8) (splice 
(ea.aake-floatlng-cluBter 1 4 ) ) ) 
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******** 
**»•**** ** Copyright (C) 1083 John R. Ellia. This file nay be used for 

** educational and reeearch purposes only, by the faculty, studenta, **»**»•» 
** and staff of Yale Unlveralty only. ******** 

MACHINE MODEL SIMULATOR 

Thia nodule lnpleaents tha prograa alaulator for the list-scheduler aachine 
aodel. 

A prograa 1B a list of instructions. An Instruction ls a list of 
operations. An operation has the forn: 

(ae operator . opérande) 

ME la the nana of aoae aachlna elenent. OPERATOR ls the nana of the 
operator to be executed, and OPERANDS are the operand specif1ère. 

An operand has one of two forua: 

(regl8ter-bank-ae reglater naae) 

(constant-generator-ae naae) 

to acceas a reglater; 

to generate a conatant; 

NAME la the naae of the value ln the regieter or being generated. For 
registers, it la Just a hint about vhat tha synbollc contenta of tha 
reglater should be (the alaulator reneabera and checks those hints). 
For conatant generators, NAME la the value that should be generated. 

A value naae can be: 

a alnplo variable, e.g. X 

a nuaber, e.g. 8.0 

a VBASE expreaslon, e.g. (VBASE V) 

an address expreaaion of the forn (ADDRESS x) where "x" le any of the 
above naae foras. 

A saaple operation: 

(MO* IADD (MOR 2 X) (NOR 4 (VBASE V) ) (MOC 1) ) 

A contlnution operation (a "pusher") for a aultl-cycle pipeline ls 
represented as: 

(F30 

A pseudo-operation doesn't a () ME: 

(() LABEL L33) 
(NIL DCL gFgl FLOAT 238 ((1 266)) NIL) 

(SIMULATE PROGRAM ACTUALS) 
Runs the alaulator on PROGRAM with actual paraaaters ACTUALS (specified 
the saae aa for the NADDR Interpreter). 

(SIM.PRINT-PROGRAM-VARIABLES VAR-SPEC8 LOOK-IN-REGISTERS?) 
VAR-SPEC8 le a list of prograa variables; prlnta out each variable 

ln turn. Each spec ln VAR-SPECS ls either an atoa (for a vector 
or scalar) or a triple (VAR REAL IMAG) vhere VAR la the tiny H a p 
naae of a conplex variable and REAL and IMAG are the NADDR variables 
uaed to lnplenent the real and laaglnary parte. If 
LOOK-IN-REGISTERS? is ls true, then the contents of any registers 
containing the variables are printed out aa well; otherwise only 
aeaory la exaalned. 

•SIM.OPERATION-COUNT* 
•SIM.INSTRUCTION-COUNT* 

Total nunber of operatlona and inatructlons executed, excluding 
pseudo-ops and instructions consisting only of pseudo-opa. 

(SVAR 'VARI 'VAR2 ...) 

Interactive syntax for printing out variables, equivalent to: 

(SIM.PRINT-PROGRAM-VARIABLES '(VARI VAR2 ...) T) 

vhlch vill look both ln neaory and ln registers for the variables. 

M R ME-NAME REGISTER 
Interactive syntax for getting the contents of a register. 

(eval-when (conplle load) 
(include llst-scheduler:declarationa) ) 

(eval-vhen (conplle) 
(build ' (utilitlea:options) ) ) 

(def-optlon «ala.trace-lnatructiona?* () llat-acheduler: " 
If non-(), then Instructions will ba printed out as they are executed. 
If T, tracing begins with the first cycle. If sone nunber, then tracing 
begins with that cycle. 
") 

(def-optlon *aia.8tap-in8tructionsT* () list-scheduler: " 
This ls just Ilka *SIM.TRACE-INSTRUCTIONS?*, axcept that a break-point 
la Invoked after each Instruction traced. 
") 

(def-optlon *aia.trace-values?* () list-scheduler: " 
If non-(), then values being stored ln regletere and aaaory are printed 
out after the cycle ln which the store actually occura (i.e. at the 
end of pipe execution. 
") 

(def-optlon «sin.break-label* () llat-acheduler: " 
If non-(). then the alaulator will atop with a breakpoint lf a label of 
of this naae ls reached. 
") 

(declare (special 
•sla.pc* 
•sia.running?* 
•sin.lnstr* 
•aia.oper* 
• B I B . c y c l e * 

;•*• These globale are nalnly for debugging — 
;••* when a breakpoint occura, you can look at 
;*** the current cycle, instruction, and 
;•*• operation. 
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•aia.start-pc* ;**• The pc to atart execution at (vhere the 

;*•* DEF-BLOCK is). 

•ala.significant-instruction?* 
;*** True lf the current instruction 
;•** contained a non-paeudo-op. 

*ala.operation-count* ;*** • operations initiated this cycle. 
•Bin.copy-count* ;•** » COPYa executed thia cycle. 

•sli.def-block* 
) ) 

(defun slnnlate ( prograa actuals ) 
(registers.initialize) 

(sin. lnitlallze-nenory) 
(sin.initlallze-variables) 
(ala.lnltlallze-labelB) 
(ala.lnitlallze-plpellnea) 

(:= *aln.def-block* () ) 
(ala.prograa:declare prograa) 

(lf *aia.def-block* (then 
(ala.fornale:actual8:bind (oper:part »ala.def-block* 'in-variables) 

actuala) ) ) 

(ala.prograa:execute *ela.atart-pc*) 

(ala.prlnt-prograa-varlables (oper:part «ala.def-block* 'out-variables) 
0 ) 

0 ) 

(dof-lnline sin.trace? (function ( trace-var ) 
(ftft trace-var 

(II (I (lnuap trace-var) ) 
(<s trace-var *B1B.cycle*) ) ) ) ) 

MEMORY 

The alaulator aeaory ia represented as a vector, of course, froa 
vhlch space for variables, vectors, and conatanta la allocated. 
Meaory 18 Initialized to all zeroes, so that ve can Index past the 
end of an array. 

(SIM.INITIALIZE-MEMORY) 
Inltlallzea tha aeaory to a default alza. 

(SIM.MEMORY: [] ADDR) 
Returns the contenta of the ADDRth word. 

(SIM.MEMORY:ALLOCATE LENGTH) 
Allocates a chunk of LENGTH words froa aeaory, returning the 
address of the first word. Neaory Is grown if its current size 
is too snail. 

(SIM.ADDRESS:COERCE ADDR) 
Coerces a aeaory address to be an Integer betveen 0 and the size 

3 
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of aeaory - 1. We do this becauae it'a perfectly ok for coapacted 
prograaa to generate bogus indices when they're doing nested 
vector references (A (L I) J) (aa in SOLVE). It would be better 
to detect vector-out-of-bounda and return 0. but wa don't yet 
have the hooka in generated code to do that eaaily (no vector 
naaea). 

(declare (special 
»sin.aeaory* 
*sia. next-free-address* 
) ) 

(defun sla.lnltlallze-aeaory () 
(:= *sla.aeaory* (aakevector 1000) ) 
(vector:initialize *ala.aeaory* 0) 
(:= »aia.next-free-addreaa* 0) 
0 ) 

(defnacro ala.aeaory: [] ( addr ) 
*([] *sia.aeaory* .addr) ) 

(defun ala.nenory:allocate ( length ) 
(let ( (base *slB.next-free-addresa*) 

(nax-length (vectorlength »ala.aeaory*) ) ) 

(:= «ala.next-free-addresa* (+ ftftft length) ) 
(lf (> *sln.next-free-addre88* nax-length) (then 

(:= »ala.aeaory* (vector:copy ftftft (* 2 aax-length) ) ) 
(loop (incr 1 froa aax-length to (- (vectorlength «sin.nenory*) 0 ) 
(do 

(:= ([] *sln.nenory* 1) 0) ) ) ) ) 
baae) ) 

(defun 8la.address:coerce ( addr ) 
(lf (ftft (lnunp addr) 

(>s addr 0) 
(< addr *sla.next-fres-address*) ) 

(then 
addr) 

(elea 
0) ) ) 

• •=======C==3===================3=S=S3==S333SS======S-
• • 
** VARIABLES 
•* 
•* Infornation about variable naaea and constants ls kept ln a hash 
•• table napping the naae or constant onto a record of type SIM.VD vhlch 
** deacrlbes the variable or constant. The only variables actually 
•• stored ln aeaory are Input and output variables and vectors. 
•* Constants are atorad ln nenory only lf they are contained ln an 
** (ADDRESS constant) expreaaion. 
•* 
•* (SIM.INITIALIZE-VARIABLES) 
** Forgets all prevloue variable Infornation. 
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* (SIM.VARIABLE:DECLARE NAME LENGTH DIMENSIONS INITIAL-VALUES ) 
* Declares NAME (a constant or variable), vhere LENGTH. DIMENSIONS. 
» and INITIAL-VALUES are aa apecifled on a DCL paeudo-op. Space 
* is allocated ln neaory for the variable or conatant and 
* Initialized to the Initial vaines. 
» 
* (SIM.VARIABLE:INITIALIZE VARIABLE INITIAL-LIST ) 
* VARIABLE should already have been declared. Initialized lta 
» aeaory with the values taken froa INITIAL-LIST; lf the Hat la 
» () the variable la Initialized to all zeroea. 
* 
* (SIM.VARIABLE:VD VARIABLE) 
» (SIM.VARIABLE:BASE VARIABLE) 
* (SIM.VARIABLE:LENGTH VARIABLE) 
* (SIM.VARIABLE:DIMENSIONS VARIABLE) 
* (SIM.VARIABLE:RANK VARIABLE) 
* These functions return the declared infornation about a variable. 
* An error le raised lf the variable Isn't declared. 
• 

(declare (special 
»sla.variable:vd* ;*** Hash table aapping naaea to SIM.VD records. 
) ) 

;def-atruct sla.vd ;*•* A deecrlptor for a variable, 
nane ;••* lta naae. 
base ;*** The addreaa of lta flrat word, 
length ;*** lta length. 
dlaenslona ;*** lta dlnensions list, () lf a scalar, 
rank ;*** The nunber of dlnenalona. 
) 

(defun sln.lnltlallze-varlables () 
(:= *sla.variable:vd* (hash-table:create 'eql ( ) ( ) ) ) 
0 ) 

(defun sin.variable:vd ( variable ) 
(II ([]h »sla.variable:vd* variable) 

(error (Hat variable "SIMULATOR: Variable len't declared.") ) ) ) 

(defun sla.variable:base ( variable ) 
(sla.vd:base (ala.variable:vd variable) ) ) 

(defun ala.variable:length ( variable ) 
(aln.vd:length (ala.variable:vd variable) ) ) 

(defun Bin.variable:dlnenalona ( variable ) 
(ala.vd:dlaenslona (ala.variable:vd variable) ) ) 

(defun eia.variable:rank ( variable ) 
(siB.vd:rank (ala.variable:vd variable) ) ) 

(defun ala.variable:declare ( nane length dlnenalona initial-values ) 
(lf-let ( (nd ([]h «sla.variable:vd* naae) ) ) (then 

(aaaert (ftft (== length (eia.vd:length nd) ) 
(ss dlnenalona (ain.vd:dlneneions nd) ) ) 

(h naae) • " (h length) • " (h dlnenalona) " • t 
(h nd) t 
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"SIMULATOR: Naae prevloualy declared with other attrlbutea.") ) 
(elae 

(let ( (nd (aia.vd:new 
naae nane 
length length 
dlaenslona dlnenalona 
rank (length dlnenalona) 
base (aln.nenory:allocate length) ) ) ) 

(:= ([]h «sla.variable:vd* naae) nd) 
(ala.variable:Initialize naae initial-values) ) ) ) 

0 ) 

(defun ala.variable:initialize ( variable initial-list ) 
(?( (I initial-list) 

(:= Initial-list '(0) ) ) 
( (l (consp lnltial-llat) ) 
(:= inltiel-llst (Hat lnltial-llat) ) ) ) 

(loop (Incr 1 fron (sla.variable:base variable) 
to (+ -1 (+ (ala.variable:base variable) 

(ala.variable:length variable) ) ) ) 
(Initial value 0 

reat-lnltlal-liat initial-Hat) 
(do 

(lf (I rest-lnltlal-llst) 
(:= rest-initlal-llat lnltial-llat) ) 

(:= value (pop reat-inltial-list) ) 
(:= (ala.aeaory:[] 1) value) ) ) 

0 ) 

:e==============SS3S3SSSS33S3S3SSSSSS33=3S3S33=33333============== 

* 
* LABELS 
* 
* Prograa labela are repreaented ae Llap ayabola. A haah table aapa tha 
* ayabola onto the corresponding prograa locations. A prograa location 
* ls Just sone tall of the Ha t of Inatructlona representing the prograa. 
* 
* (SIM.LABELS:INITIALIZE) 
:* Forgets all Infornation about labels. 
* 
* (SIM.LABEL:DECLARE LABEL PC) 
:* Declares LABEL to be at prograa location PC. 
• 
* (SIM.LABEL:PC LABEL) 
* Returns the prograa location of a label. 
* 

(declare (special 
•ala.label:pc* 
) ) 

(defun aln.lnitlallze-labele () 
(:- *ala.label:pc* (hash-table:create () ( ) ( ) ) ) 
0 ) 

(defnn eia.label:declare ( label pc ) 
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(asaert (I ([)h *aln.label:pc* label) ) 
(h label) t "SIMULATOR: Label already declared.") 

(:= ([]h *8la.label :pc* label) pc) 
0 ) 

(defun sla.label:pc ( label ) 
(II (üh «sla.label:pc* label) 

(error (Hat label "SIMULATOR: Label not declared.") ) ) ) 

J * * * S 3 = S = = = S S 3 S S S S S 3 = = = = = = = = = = = S = 3 = S = = = S 3 3 = = = = = = = = = = = : 
;*** 
;*** OPERANDS 
;*** 
;*•* See above for how opérande are repreaented ln the prograa. 
;*** 
;*** (SIM.OPERAND:DECLARE OPERAND) 
;*** Déclarée any conatant nentioned ln the OPERAND, allocating and 
;*** Initializing a aeaory location to contain It. Only constants 
;*** within (ADDRESS ...) expreeaiona ln the operand need be ao 
;*** allocated. 
;*** 
;*** (SIM.OPERAND:VALUE OPERAND) 
;*** Returns the value of an operand, which la the contenta of tha 
;*** apeclfied register or the conatant generated. For register 
;*** opérande, the naae nentioned ln the operand ls checked against 
;*** the aynbollc nane contained ln the register; lf they're not the 
;*•• eaae, an error ia raised. 
;*** 
;***S==SS3S33SSSSSSSSSSSSS3S= ============ ============================: 

(defun sla.operand:declare ( operand ) 
(let ( ( (eg naae) operand) ) 

(lf (ftft (ss 2 (length operand) ) 
(== 'constant-generator (ae:type (naae:ae eg) ) ) 
(consp nana) 
(s= 'address (ear naae) ) ) 

(then 
(let ( ( (address ltea) naae) ) 

(?( (lltatoa ltea) 
(sla.variable:declare ltea 1 0 0 ) ) 

( (nunberp ltea) 
(sla.variable:declare ltea 1 () ltea) ) 

( (ftft (conap ltea) 
(BB -vbaae (car ltea) ) ) 

(let ( (vd (sla.variable:vd (cadr ltea) ) ) ) 
(assert (< 0 (sla.vd:rank vd) ) 

(h ltea) t "SIMULATOR: Invalid VBASE naae.*) 
(ala.varlable:declare ltea 1 () (ela.vd:base vd)))) 

( t 
(error (list nane "SIMULATOR: Invalid operand."))))))) 

0 ) ) 

(defun Bin.operand:value ( operand ) 
(let*( ( (ne-nane . arga) operand) 

( ne (naae:ne ae-naae) ) ) 

(caaeq (ae:type ae) 
(constant-generator 

(let ( ( (conatant) arga) ) 
(lf (conap constant) (then 
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(caseq (car constant) 
( (vbase address) 

(sla.variable:base (cadr conatant) ) ) 
(t 

(error (Hat operand "Case error.") ) ) ) ) 
(else 

constant) ) ) ) 
(register-bank 

(let ( ( (register naae) args) ) 
(lf (!= nane ([] (ne:value-naaes ne) reglater) ) (than 

(nsg (h operand) t 
•SIMULATOR: Naae of value ln regieter ls different • 
"fron nana of operand.") 

(break-point slnulator) ) ) 
([] (ae :values ae) register) ) ) 

(t 
(error (Hat operand "SIMULATOR: Invalid operand.")))))) 

PIPELINES 

The reaulta froa functional unit pipelinea are not written into their 
destinations until after the cycle froa which they energe froa the 
pipe. To inplenent thia behavior, we keep two priority queues, one 
for réglatera and one for aeaory. Entrlea ln each queue are 
destination/value pairs, keyed by the cycle ln which the value le 
to be etored into the destination. When an operation la executed, 
i f a reault la entered into the appropriate priority queue with the 
cycle It ahould be etored. At the end of each instruction cycle, 
the alaulator stores away all the results queued for that cycle. 

(SIM.INITIALIZE-PIPELINES) 
Initializes the queues representing the pipelines. 

(SIM.DELAY:REGISTER-OPERAND:VALUE:STORE DELAY OPERAND VALUE) 
Reaeabers the fact that VALUE should be etored Into the register 
destination described by OPERAND (aee above) at the end of the 
cycle vhlch Is DELAY cyclee after the current cycle. 

(SIM.DELAY:ADDRESS:VALUE:STORE DELAY ADDRESS VALUE) 
Renenbera the fact that VALUE ahould be etored ln nenory location 
ADDRESS at the end of the cycle vhlch la DELAY cycles after 
the current cycle. 

(SIM.8T0RE-SAVED-RESULTS) 
Rénoves all entrlea froa the two priority queuea for the current 
cycle and stores their values ln the given deetlnatlons. 

(declare (special 
•aia.aaved-reglBter-cycle s* 
«Sla.aaved-reglater-value a* 
•sla.aaved-regi Bter-operanda* 
•sla.next-saved-reglster-Blot« 

•sla.anved-nenory-cyclea• 
•Bla.aaved-aeaory-values « 
«BlB.aaved-aeaory-addreeaee* 
* Bla.next-eaved-aeaory-elot* 
) ) 
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(defun BlB.inltialize-plpellnes () 
s «ain.8aved-regi8ter-cycleo* 
s »ala.aaved-regiater-valuea* 
s *alB.aaved-regl8ter-operand8* 
s «ala.next-eaved-reglater-elot* 0) 

(aakevector 100) ) 
(aakevector 100) ) 
(aakevector 100) ) 

s «aia.aaved-aeaory-cyclea* 
s *8la.8aved-aeBory-values* 
s *8la.8aved-aeBory-addre88e8* 
s *8ia.next-8aved-aeaory-elot* 
) ) 

(aakevector 100) ) 
(aakevector 100) ) 
(aakevector 100) ) 
0) 

(defun eia.delay:register-operand:value:store ( delay operand value ) 

•alB.next-aaved-regleter-elot*) 
(let ( (cycle (+ «sla.cycle* delay) ) ) 

(:= ([] *alB.aaved-regi8ter-cyclea* 
cycle) 
([] »alB.aaved-reglater-operandB* *Bla.next-aaved-regl8ter-alot*) 
operand) 
([] »siB.aaved-reglater-valuea* «ela.ne-t-saved-reglster-elot«) 
value) 

s *8la.next-saved-regi8tar-alot* (• ftftft 1) ) 
0 ) ) 

(defun Bla.delay:addresa:value:atore ( delay addreas value ) 
(let ( (cycle (• *sla.cycle* delay) ) ) 

(;a ([] «ala.saved-aeBory-cyclee* *ala.next-aaved-Beaory-alot*) 
cycle) 

(:= (!) «Bla.Baved-BeBory-addreaaas* *aia.next-aaved-BeBory-alot*) 
addreas) 

(:= ([] «ala.saved-aeaory-valuea* •alB.next-eaved-Beaory-elot*) 
value) 

s «ela.next-eaved-aeBory-Blot* (• ftftft l) ) ( 

0 ) ) 

(defun sla.store-eaved-reeultB () 
(loop (Initial next-Blot 0) 

(Incr 1 fron 0 to (- •sla.next-aaved-reglater-alot* 1) ) 

(do 

(bind cycle ([] 
operand ([] 
value ([] 

•sia.aaved-regiater-cycleB* 1) 
»aia.eaved-reglster-operands* 1) 
•aia.aaved-regiBter-values* 1) ) 

(lf (ss cycle »eia.cycle*) (then 
(let*( ( (ae-naae register naae) operand) 

( ne (naae:ae ae-naae) 
(:= ([] (ae:valuee ae) regieter) value) 
(:= (ÎÏ (ae:value-naaee ae) regieter) nane) 

) ) 

(lf (sla.trace? «sla.trace-valuee?*) (than 
(nsg 0 (j operand -20) • = • value t) ) ) ) ) 

(elee 
( 
( 
( 
( 

(result 
(:= •Bla.next-saved-reglater-slot* next-slot) ) ) 

([] «sln.saved-reglster-eycles* next-slot) cycle) 
([] *alB.eaved-regl8ter-operands* next-slot) operand) 
([] •sla.saved-register-values* 
next-slot (• ftftft 0 ) ) ) ) 

next-slot) value) 

(loop (Initial next-alot 0) 
(incr 1 fron 0 to (- *sln.next-saved-neaory-Blot* 
(bind cycle ([] «sla.saved-aeaory-cyclea* 1) 

addreaa ([] *aia.aaved-aenory-addresses* 1) 
value ([] »sla.saved-aeaory-values* 1) 

O ) 

(do 

cycle) 
addreas) 
value) 

(lf (== cycle *8la.cycle*) (then 
(:= (ala.aeaory:[] addreas) value) 

(lf (sla.trace? *sia.trace-values?») (then 
(nsg 0 (j addreas -20) • s • value t) ) } ) 

(elee 
(:= ([] «aia.saved-aeBory-cycles* next-slot) 
(:= ([] *8ln.saved-Beaory-addre88e8* next-alot) 
(:= (ÎÎ «ala.saved-aeaory-valuea* next-alot) 
(:= next-elot (• ftftft l) ) ) ) ) 

(reeult 
(:= •Bla.next-Bavad-Beaory-Blot* next-elot) ) ) 

0 ) 

• *SSSSSSSS3SS3====S333========S=S=======S3S3SSSSS==========S3 
** 
•• (SIM.PROGRAM:DECLARE PROGRAM) 
*• 
** Scana all the operatlone ln PROGRAM, declaring all the operands, allocating 
•* and initializing aeaory for conatants, input and output variablen. and 
•* vectors. Labela are found and declared, and tha DEF-BLOCK la put 
** ln «SIM.DEF-BLOCK*. 
*• 

(defun sla.prograa:declare ( prograa ) 
(:= *ala.largest-trace* 1) 
(:= *sia.8tart-pc* prograa) 

(loop (Initial *eiB.pc» prograa) 
(while »ela.pc*) 
(bind lnatr (car *sla.pc*) ) 

(do 
(sla.lnstr:declare-pa8B-l lnatr) ) 

(next «ela.pc* (cdr *sla.pc*) ) ) 

(loop (Initial «ela.pc* prograa) 
(while «sla.pc«) 
(bind inetr (car «sla.pc*) ) 

(do 
(sla.lnatr:declare-pnsa-2 lnstr) ) 

(next «ela.pc* (cdr «ela.pc«) ) ) 

0 ) 

(defun ala.lnstr:declare-pass-l ( lnatr ) 
(loop (for oper ln instr) (do 

(sln.oper:declare-pasB-l oper) ) ) 
0 > 

(defnn ala.oper:declara-paea-l ( oper ) 
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(let*( ( (ne-naae . naddr-opar) oper) 
( (operator . operands) naddr-oper) ) 

(?( (I ne-naae) 
(caseq operator 

(def-block 
(:= »sla.def-block* '(.operator ,,operands) ) 
(:= *ela.atart-pc* «sla.pc*) ) 

(label 
(sia.label:daclare (car opérande) «sla.pc«) ) 

(del 
(eia.variable :declare 

(oper:part naddr-oper 'variable) 
(oper:part naddr-oper 'length) 
(oper:part naddr-oper 'dlaenslona) 
(oper:part naddr-oper 'lnltial-llat) ) ) 

(trace 
(let ( ( (nunber . () ) opérande) ) 

(:= *ala.largest-trace* (aax ftftft nuaber))))))) 
0 ) ) 

(defun eia.lnstr:declare-paaa-2 ( lnatr ) 
(loop (for oper ln lnatr) (do 

(8la.oper:declare-paaa-2 oper) ) ) 
0 ) 

(defun ala.oper:declare-paas-2 ( oper ) 
(let*( ( (ae-naae . naddr-oper) oper) 

( (operator . opérande) naddr-oper) ) 
(?( (! ae-naae) 

0 ) 

( (I naddr-oper) 
0 ) 

( (ss 'copy operator) 
(ala.operand:declare (cadr opérande) ) ) 

( t 
(caseq (operator:group operator) 

( (one-ln-one-out two-ln-one-out vload) 
(loop (for operand ln (cdr operanda) ) (do 

(ala.operand:declare operand) ) ) ) 
(vatore 

(loop (for operand ln opérande) (do 
(ein.operand:declare operand) ) ) ) 

(lf-coaparo 
(ala.operand:declare (car operanda) ) 
(ala.operand:declare (cadr opérande) ) ) 

(lf-boolean 
(ein.operand:declare (car operanda) ) ) ) ) ) 

0 ) ) 

** 
»* (SIM.PROGRAM:EXECUTE START-PC) 
»* 
** This Is the aain execute loop, executing Inetructlone until ve run 
•* off the end of the prograa or ve hit a STOP. 
»* 
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(defun sla.prograa:execute ( atart-pc ) 
(sla.lnltlallze-executlon-records) 

(loop (incr »ala.cycle* fron 0) 
(initial »ala.running?» t 

pc start-pc) 
(while »ein.running?*) 
(while pc) 

(do 

0 ) 

(;s «sla.pc* () ) 
(ala.lnatr:execute (car pc) ) 
(:s pc (|| »ala.pc* (cdr pc) ) ) ) ) 

(SIM.INSTR:EXECUTE »SIM.INSTR*) 

Exécutée a alngla instruction. 

=3=S3SSSSSSSSSSSSSS333333S3SSS3=3==================S==== 

(defun sla.lnstr:execute ( »sla.instr* ) 
•BlB.elgniflcant-lnetruction?* () ) 

s »Bin.operation-count* 0) 
s •ala.copy-count* 0) 

(lf (II (ala.trace? »ala.trace-instructions?») 
(ala.trace? *Bln.step-ln8tructlona?*) ) 

(then 
(nag 0 (j »sla.cycle* 4) ": " (h «Bin.lnstr*) t) 
(lf (sin.trace? »ala.Btep-ln8tructlons?*) (then 

(break-point alngle-etep) ) ) ) ) 

(loop (for oper ln «sin.lnatr*) (do 
(sin.oper:execute oper) ) ) 

(eia.store-aaved-reaulte) 

(ala.record-instruction-execution) 
0 ) 

>• 
>* (SIM.OPER:EXECUTE «SIM.OPER*) 
•* 
>• Exécutée a single operation by dispatching according to type: 
>* pseudo-operation, register-bank operation (a copy), or functional-unit 
>* operation. 
i * 

> » = = = = = = = = = s s s = = = = = 

(defun sla.oper:execute ( »sla.oper« ) 
(let»( ( (ae-naae . 0 ) »sla.oper») ) 

(lf (I ae-naae) (then 
(sla.pseudo-op:execute «ale.oper») ) 

(else 
(let ( (ae (naae:ae ae-naae) ) ) 

(caseq (ae:type ae) 
(register-bank 
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) ) 
0 ) ) 

(ale .reglater-bank-ae:oper:execute ae »ala.oper») ) 
(functional-unit 

(aiB.functional-unit-ae:oper:execute aa »ala.oper») ) 
( t 

(error (Hat »sla.oper« 
•SIMULATOR: Invalid ME ln nachlne operation."))))) 

;*•• 
;»»* (SIM.PSEUDO-OP:EXECUTE OPER) 
;»»» 
;»*» Exacutea a paeudo-operatlon. 
:»** 

(defun aia.paeudo-op:execute ( oper ) 
(let ( ( (0 operator . operanda) oper) ) 

(caseq operator 
(label 

(lf (== (car operanda) »ala.break-label») (then 
(break-point elaulator-label-break) ) ) ) 

(trace 
(let ( ( (nuaber type . () ) opérande) ) 

(:= »ala.current-trace» nuaber) 
(;s »aia.current-trace-type* type) ) ) 

(goto 
(lf (! *alB.pc*) (then 

(:= »aia.pc* (sla.label:pc (car opérande) ) ) ) ) ) 
(atop 

(:= »aia.running?* () ) ) 
(esc 

(eval '(progn ,,operands) ) ) ) 
0 ) ) 

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

;*** 
;*** (SIM.REGISTER-BANK-ME:OPER:EXECUTE MB OPER) 
;*** 
;*** Executes a register bank operation for register bank MB. The only 
;*** defined operation for register banka is COPY. 
;•** 
; * * * = = 3 = = = = = = = = = = 3 3 = = = = = = = = = = = S = S = = = = = = = = = = = = = = = = = = = = 

(defun eln.regl8ter-bank-ae:oper:execute ( ae (() copy deet eource) ) 
(a8sert (== 'copy copy) 

(h «sla.oper* "SIMULATOR: Unknown regiater-bank operator.") ) 
(ala.delay :regleter-operand:value : store 

0 
dest 
(sin.operand:value source) ) 

(:= »aln.copy-count* (*> ftftft 1) ) 
(:s *sln.8lgnlflcant-inatructlon?« t) 
0 ) 

:*** 
;*** (SIM.FURCTIONAL-UNIT-ME:OPER:EXECUTE ME OPER) 
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;**• 
;*** Exécutée a functional unit operation for functional unit ME. We 
;*** cheat here by invoking the private Interfaces to the NADDR Interpreter 
;*** to do aost of our work. Thia ls tha right approach, but unfortunately 
;*** those interfaces are currently private and undocuaented. Groae. 
;**• 
; * * * = = = = = = = = = = = = = = = = = = = = S S S S 3 S S S = = = S S = = = = = = S 3 = = = S S S S S S S S S S S S = S = = = = = 

(defun sln.functlonal-unlt-ne:oper:execute ( ae (() operator . operanda) ) 
(:= *Bla.slgnlflcant-lnatructlon?* t) 

(lf (! operator) (then 
0 ) 

(elae 
(:= *Bla.operation-count* (• ftftft 1) ) 

(let*( (naddr.operator (operator:naddr.operator operator) ) 
(delay (ae:delay ae) ) 
(function (naddr.operator :execute-function 

naddr.operator) ) ) 

(caseq (naddr.operator:group naddr.operator) 
(one-in-one-out 

(8la.de lay:register-operand:value:store 
delay 
(car operands) 
(funcall function 

(ala.operand:value (cadr opérande))))) 

(two-ln-one-out 
(aia.delay : register-operand : value : store 

delay 
(car operands) 
(funcall function 

(eia.operand lvalue (cadr opérande) ) 
(aln.operand:value (caddr operanda) ) ) ) ) 

(vload 
(caaeq operator 

( (lvload fvload) 
(let ( ( (deat vector Index) operands) ) 

(sla.delay: register-operand : value :store 
delay 
dest 
(sla.aeaory: [] 

(sla.addreaa: coerce 
(+ (aln.operand:value vector) 

(sla.operand:value Index))))))) 

( (ipload fpload) 
(let ( ( (dest Index) operanda) ) 

(8la.delay :register-operand : value : store 
delay 
dest 
(sla. aeaory :[] 

(sla.address:coerce 
(sla.operand:value Index)))))) 

(t 
(error (list »ala.oper* "Case error.") ) ) ) ) 

(vstore 
(caseq operator 

( (lvetora fvatore) 
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(let ( ( (vector index source) operanda) ) 
(ala.delay:addreaa: value : store 

0 ;•** correct. 
(• (ala.operand:value vector) 

(ala.operand:value index) ) 
(ein.operand:value source) ) ) ) 

( (ipatore fpstore) 
(let ( ( (index source) operands) ) 

(eia.delay :addreas:value :atore 
0 ;»*» correct, 
(ala.operand:value Index) 
(ala.operand:value aource) ) ) ) 

(t 
(error (Hat »ala.oper* "Case error.") ) ) ) ) 

(lf-coapare 
(lf (I »alB.pc«) (then 

(lot*( ( (operandi operands labell label2) operanda) 
(label (funcall function 

(sin.operand:value operandi) 
(ala.operand : value operand2) 
labell 
label2) ) ) 

(if label (then 
(:= »ala.pc* (sln.label:pc label)))))))) 

(lf-booleaa 
(lf (l »Bia.pc*) (then 

(let*( ( (operandi labell label2) operanda) 
(label (funcall function 

(aln.operand:value operandi) 
labell 
label2) ) ) 

(lf label (then 
(:= »Bia.pc* (aln.labal:pe label)))))))) 

(t 
(error (Hot »ala.oper* "Case error.*) ) ) ) ) ) ) 

0 ) 

>*«_====SSS3S3=33SSSSSSS====3S_S_=S=======3-=S=====_____=== 

>*• (SIM.FORMALS:ACTUALS:BIND FORMALS ACTUALS) 
>«• 
>** Binds the actual paraaeters to the foraal paraaeters of a prograa. 
>** FORMALS la the Hot of foraal paraaetere aa given ln DEF-BLOCK. 
»•• ACTUALS la tha Hat of actual paraaetere as given to INTERPRET. 
>•• 
( * * = S S = = = = = S S 3 S S 3 = = = 3 S S 3 S 3 3 = = = = = = S = = = = = = = = 3 S S = _ = = = 3 = = = 

(defun ela.foraals:actuals:bind ( foraals actuals ) 
(assert (llatp foraala) ) 
(assert (llatp actuals) ) 

(loop (for foraal ln foraals) 
(for actual ln actuals) 

(do 
(? ;*** A non-conplex scalar or array? 

;••• 
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( (lltatoa foraal) 
(ala.variable:initialize foraal actual) ) 

;*** A coaplex scalar? 
;*** 

( (ftft (conap foraal) 
(ss 3 (length foraal) ) 
(for-avery (var ln foraal) (lltatoa var) ) 
(conap actual) 
(ss 2 (length actual) ) 
(nunberp (car actual) ) 
(nunberp (cadr actual) ) ) 

(ala. variable initialize (cadr foraal) (car actual) ) 
(ala.variable:initialize (caddr foraal) (cadr actual) ) ) 

;*** A coaplex array? 
;••• 

( (ftft (conap foraal) 
< " 8 (length foraal) ) 
(for-every (var ln fornal) (lltatoa var) ) 
(consp actual) 
(for-every (pair ln actual) 

(ftft (consp pair) 
(nunberp (car pair) ) 
(nuaberp (cadr pair) ) ) ) ) 

(sla.variable:Initialize (cadr foraal) 
(loop (for (real laag) ln actual) (aave 

real) ) ) 
(ala.variable:Initialize (eaddr foraal) 

(loop (for (raal laag) ln actual) (aave 
mag) ) ) ) 

( t 
(error (Hat foraal actual 

•SIMULATOR: Invalid foraal/actual pair.") ) ) ) ) ) 

EXECUTION RECORDS 

A SIM.ER recorda the execution statistics of a trace (or the entire 
prograa). 

(def-struct sin.er 

(nuaber 0) 

(entries 0) 

(Inetructlone 0) 

(operatlone 0) 

(copiée 0) 
(ps-lnstructlons 0) 
(pa-operatlona 0) 
(pj-Instructions 0) 
(pJ-opérations O) 

l * * * = = = 3 3 = = = = _ = = = : 
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Nuaber of the trace 

• tlaee the trace was entered. 

8 lnatructlona executed. 

8 operatlone initiating a functional unit. 

9 COPY operatlone. 

The fleide keep the eaae counta for apllt- and 
and Join- partial echedules; these counts are 
Included ln the totale above. 



(SIM.INITIALIZE-EXECUTION-RECORDS) 
Initializes the statistics recording. 

(SIM.RECORD-INSTRUCTION-EXECUTION) 
This ls called after executing an instruction. It Just bunpa tha 
execution totals for the current trace, using the global variables 
•SIM.OPERATION-COUNT* and »SIM.COPY-COUNT*. 

(SIMULATOR.PRINT-EXECUTION-STATISTICS) 
Dunpa out all the execution statistics, including a per-trace profile. 

(declare (epeclal 
»Bln.all-ers« ;•** All execution records. 
•sin.trace:er* ;*** Vector aapping trace nunbere to 

;**• execution records, 
•sla.largest-trace* ;•*• Largest trace nunber in the prograa. 
•eia.current-trace* ;«*• Current trace nuaber. 
«sla.last-trace* ;*** Previous trace nuaber. 
«ala.current-trace-type* ;••* SPLIT, JOIN, or (). 

) ) 

(defun Bln.lnltiallze-executlon-recordB () 
(:= «aln.current-trace* 1) 
(:= *8la.last-trace* 0 ) 
(:= *sla.current-traee-type* 0 ) 

(:= «sla.trace:er* (aakevector (+ 1 «8la.largest-trace») ) ) 

(:= »ala.all-era* () ) 
(loop (incr 1 fron 1 to »ala.largeat-trace*) (do 

(:= ([] «aia.trace:er* 1) (sla.er:nev nunber 1) ) 
(puah «ein.all-era* ([] «ela.trace:er* 1) ) ) ) 

0 ) 

(defun sin.record-instruction-execution () 
(lf *8in.significant-instruction?« (then 

(let ( (er ([] «sin.trace:er* «sla.current-trace«) ) ) 
(:- (sie.er:instructions er) (• ftftft 1) ) 
(:= (sis.er:operatlone er) (+ ftftft «sla.operation-count«) ) 
(:= (eia.er:copies er) (+ ftftft «eia.copy-count«) ) 

(lf (Is3 «Bin.current-trace* «ein.last-trace«) (then 
(:= (eln.er:entrles er) (• ftft* 0 ) ) ) 

(:= «sla.last-trace« «sla.current-trace«) 

(caseq «sin.current-trace-type* 
(split 

(:= (alB.er:pa-lnetructione er) 
(• **» 1) ) 

(:= (sln.er:ps-operatlona er) 
(+ ftftft *ela.operation-count*) ) ) 

(join 
(: = (BlB.er:pj-lnstruetlons ar) 

(• *** O ) 
(:= (aia.ar:pj-operatlone er) 

(• ftftft «ain.operation-count«) ) ) 
( 0 ) 
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( t 
(error (llet «sin.current-trace-type« "Caae error."))))))) 

(defun alaulator.print-executlon-statlstlcs () 

(let ( (sorted-ers (sort «sla.all-ers* 
(f:l ( erl er2 ) 

(> (sin. er:instructions erl) 
(sla.er:Instructions er2) ) ) ) ) 

(t-er (sia.er:nev nuaber "Tot") ) ) 

(loop (for er in *S1B.all-era*) (do 
(:= (sla. er instructions t-er) (• ftftft 
(:= (s la. er operations t-er) (• ftftft 
(:= (slB.er:coples t-er) (• ftftft 
(:= (eia.er:entries t-er) (+ ftftft 
(:= (ela.er:ps-ln8tructlons t-er) (• ftftft 
(:= (slB.er:ps-operatlons t-er) (• ftftft 
(:= (sln.er:pJ-lnstructiona t-er) (• ftftft 
(:= (sla.er:pj-operatlone t-er) (• ftftft 

(nag 0 t "EXECUTION PROFILE" t) 
(s in.er : print-heading) 
(aag (Je •-• 70 «/-) t) 
(sla.er:print t-er t-er) 
(neg (Jc "-" 70 •/-) t) 

(loop (for er in eorted-ere) 
(incr l fron 1) 
(when (> (eln.er:lnstructlons er) 0) ) 

(do 

(sla.er:InstructIons er))) 
(sie.er:operations er))) 
(sla.er:coplea er))) 
(sia.er:entrlee er))) 
(8lB.er:ps-lnstructlons er))) 
(sla.er:ps-operatlons er))) 
(ala.er:pJ-lnetructlona er))) 
(ala.er:pj-operatlone er))) 

(ein.er:print er t-er (lf (ss o (nod 1 8) ) •/. •/ ) ) ) ) 
(nag (jc "-" 70 •/-) t) 

0 ) ) 

(defun eln.er:prlnt-headlng () 
(nag (jc "Tr" 8) 

(jc "Inatrs" 7) 
(je •»• 4) 
(je "Opere" 7) 
(Je •*» 4) 
(Je "Copies" 7) 
(Je "»• 4) 
(Je "PS-I" 8) 
(Je "II" 8) 
(Je "PJ-I" 8) 
(JC "„I" 8) 
(je "Entries" 8) 
(Je "I//E" 7) 
(Je "0//I" 6) 
(je "C//I" 6) 

0 ) * 

(defun ein.er:print ( er t-er pc ) 

(nag (Je (aln.er:nuaber er) 8 pc) 
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(jc (sin.er:instructions er) 7 pc) 
(je (Kr (sie.er:instructions er) (sin.er:Instructions t-er) ) 4 pc) 
(je (sie.er:operatlone er) 7 pc) 
(je (|r (sie. er: operatlone er) (ein. er operations t-er) ) 4 pc) 
(je (eia.er:copies er) 7 pc) 
(Je (Xr (sie.er:copies er) (aia.er:copies t-er) ) 4 pc) 
(Je (slB.er:ps-lnstruetions er) 8 pc) 
(Je (Xr (8la.er:pa-lnstructlona er) (sla.er Instructions t-er) ) 3 pc) 
(je (ein.er:pj-Instructions er) 8 pc) 
(Je (Xr (eia.er:pj-instructions er) (sie.er:Instructions t-ar) ) 3 pc) 
(Je (Bla.er:entries er) 8 pc) 
(f U/t (sln.er:lnstructiona er) (sie.er:entries er) ) 7 1 pc) 
(f U/t (sin. er operations er) (aln. er Instructions er) ) 5 1 pc) 
(f U/t (sla.er:coplea er) (ala.er:inetructlona er) ) 6 1 pc) 
t) 

0 ) 

(defun X ( x y ) 
(if (= y o) 

(// (• x 100.0) y) ) ) 

(defun Xr ( x y ) 
(round (X x y) ) ) 

(defun //f ( x y ) 
(lf (= y 0) 

(// (flonun x) y) ) ) 

(defun ala.prlnt-prograa-varlablee ( var-apeca look-ln-registers? ) 
(loop (for var-apee in var-apace) (do 

(ala.var-spac:print var-apee look-in-reglatera?) ) ) 
0 ) 

(defnacro svnr var-spece 
'(sla.prlnt-prograa-variablee '.var-speca t) ) 

(defun ala.var-apee:print ( var-apee look-ln-registers? ) 
(?( (ftft look-in-reglBtere? 

(II (! (Dh *8ia.variable:vd* var-spec) ) 
(== o (aln.variable:rank var-apee) ) ) ) 

(ala.var:flnd-reglsters var-apee) ) 

( (conap var-apee) 
(aln.var:real:lnag:print 

(car var-spec) (cadr var-epec) (caddr var-spec) ) ) 

( t 
(alB.var:real:iaag:prlnt var-spec var-epec () ) ) ) 

0 ) 
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(defun sla.var:flnd-reglsters ( var ) 

(loop (for ae in »is.register-bank-nes*) 
(initial found-one? () ) 

(do 
(loop (Incr i fron 0 to (- (ne:size ne) 1) ) 

(vhen (s var ([] (ae:value-nanee aa) 1) ) ) 
(do 

(lf (! found-one?) (then 
(nsg 0 "Variable " var • ") ) ) 

(aag (t 20) " s » ([] (ae :valuea ae) 1) " " 
(t 35) '(.(se:nane ne) .1) t) 

(:= found-one? t) ) ) ) 
(reault 

(lf (! found-one?) (then 
(neg 0 "Variable "var - not found.") ) ) ) ) 

0 ) 

(defun sin.var:real:laag:print ( var real laag ) 

(let ( (real-base (sla.variable:base real) ) 
(laag-base (lf laag (aia.variable:base laag) () ) ) ) 

(lf (I (sla.variable:dlaenelona real) ) (then 
(nag 0 "Variable " var " = • 

(ala.raal:lBag:offaet:value real-baae laag-base 0) t) ) 

(elee 
;*** aa array, print out each eleaent of the array, labeled 
;•*» with lta index. 
:**• 

(let ( (dlnenalona () ) ) 

;*** Flrat nake a Hat of triplée of the fora (LOWER UPPER 
;•** SIZE) corresponding to the dlnenalouB of the array. 
;*•• 

(loop (for (lower upper) 
ln (reverae (sia.variable:diaenaions real) ) ) 

(initial alze l) 
(do 

(puah dlaeneiona *(.lower .upper .elze) ) 
(:= elze (* elze (• 1 (- upper lower) ) ) ) ) ) 

;*** Nov print each eleaent of the array, labeled with 
;*** the Index. 
;»•» 

(nag "Variable • var • = • t) 
(loop (Incr 1 froa 0) 

(bind value (ala.real:laag:offeet:value 
real-baae laag-baae 1) 

last-1 (-1 1) ) 
(Initial first-value '(unique-garbage) 

flrat-i () 
flnal-i (- (ala.variable:length real) 1) ) 

(vhen (II (> 1 flnal-1) 
(ftft (!= value flret-value) ) ) ) 

(do 
(lf flrst-1 (then 

(nsg " •) 
(lf (> last-1 flrst-1) (then 

(ela.lndex:print flrst-1 var dlaenslona) 
(nag " :•) J ) 

(ala.index:print laat-1 var dlaeneiona) 
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1 

0 ) ) ) 

(aag (t 18) • = • flr8t-value t) ) ) 
(lf (> 1 flnal-i) (then 

(return 0 ) ) ) 
(;s fir8t-i 1) 
(:= first-value value) ) ) ) ) ) 

(defun eia.index:print ( 1 var dlaenslona ) 
(loop (for (lover upper alze) ln dlnenalona) 

(initial reaalnder 1) 
(do 

(aag " " (• lover (// reaalnder elze) ) ) 
(:= reaalnder (\ reaalnder elze) ) ) ) ) 

(defun 8la.real:lnag:offact:value ( real-baae laag-baae offaet ) 
(lf laag-baae (then 

*(,(eia.aeaory:[] (• real-baae offeet) ) 
,(ala.aeaory:[] (+ laag-baae offset) ) ) ) 

(alee 
(ala.aeaory:Q (+ real-baae offeet) ) ) ) ) 

(def-sharp-Bharp r 
'(slB.aharp-aharp-r '.(read) '.(read) ) ) 

(defun ela.sharp-aharp-r ( ae-naae reglater ) 
(let ( (ae (naae:ae ae-naae) ) ) 

'(.([] (ae:values ae) regieter) 
.([] (ne.-value-nanea ae) reglater) ) ) ) 
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******** 
******** *** Copyright (C) 1888 John R. Bille. This file nay be used for 

•** edueatlonal and reeearch purposes only, by the faculty, students. •**•*••• 
*•• and ataff of Yale Unlveralty only. *»»*•*•• 
i » »___ _ _ _ _ _ _ _ _ * * * * * * * * 

TEST BED 

Thia aodule lapleaenta a teat bed that allows the use of "trace 
enapbsots" to slaulate the coapiler Interface without actually requiring 
the coapiler to be present. 

To use it, first create a trace snapshot as described ln 
GENERATE-CODE-HOOK. Then, lf the snapshot was for trace 3 of prograa 
PRIME, load the file PRIME-3.TRACE. 

(TLS NAME) [Test List Scheduler] 
Invokee the teat bad on the variable "naae" that waa loaded froa the 
file naae.TRACE. 

The Interface functlona START-TRACE. PREDECESSORS. NAME:DATATYPE, and 
NAME:RANK are defined here that alaulate the real onea. 

To get back to the "real" Interface, call (TEST-BED.UNDO) 

(declare (epeclal 
•tb.ayabol-table* 

*tb.Index:datun* 

•tb.Index:result* 

•tb.current-index* 

•tb.saved-naaeeftdefa* 

) ) 

;••• A eyabol table d ie t ) of tuplea of the fora: 
;*•• 
;**• (naae datatype rank) 
;**• A vector filled ln by PREDECESSORS that 
;*•• aape Integer trace positions of operations 
;**• onto the client-supplied datua paaaed 
;*** Into PREDECESSORS. 

;«** A vector aapping trace positions of 
;*** operations onto the original result 
;«*« returned by PREDECESSORS (ln the real 
;*•* coapiler). 

;*•* The trace position of the next expected 
;*** operation expected by PREDECESSORS. We 
;*•* assuae the client calls PREDECESSORS in 
;**• order. 

;*•• List of pairs of function naaes and 
;*«• definitions for the original functlone 
;**• emulated by this Interface. 

(lf (I (boundp '«tb.saved-naaeeftdefs«) ) (then 
(:= »tb.saved-nanesftdefs* 

(loop (for nane ln '(start-trace predecessors nane:datatype naae:rank)) 
(save 

•(.naae .(fundef nana) ) ) ) ) ) ) 

; • * * s = = = 3 _ s = 
:*•* 
;*** (TLS NAME) 

PS : <C. S.BULLDOG.LIST-SCHEDULER.TEST>TEST-BED 
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:*•* 
; • • • = = = = = _ = = = - - n , _ _ _ H I I . B - S S . - - . - . - ^ . - . - : » : ; : u u u 

(defun tls 
( (8yabol-table live-before source-record-Hst live-after 

predeceBsors-resulta) 
»optional (print? t) ) 

;**• Reaeaber the eyabol table. 
;*•• 

(:= *tb.ayabol-table* ayabol-table) 

;*** Initialize the vectors aapping trace positions. 
:**• 

(:= »tb.index:datun* (aakevector (length source-record-Hst) ) ) 
(:= *tb.index:result* (nakevector (length eource-record-llat) ) ) 

(vectorinitialize *tb.lndex:reeult* predecessora-resulta) 

;*»* Inltlalze the starting Index to 0, 1 lf there la a DEF 
;•** ln the flrat position (the client doesn't call PREDECESSORS 
;•** on DEF. 
;*•* 

(:s »tb.current-index* 
(lf (ss >def (operoperator (car (car source-record-Hst) ) ) ) 

1 
0) ) 

;*** Nov Invoke vhatever ve want to Invoke. 
;**• 

(generate-code live-before source-re cord-Hat live-after) 

(lf print? (then 
(sch.print-schedule) ) ) 

O ) 

(START-TRACE) 

(defun start-trace () 
0 ) 

(PREDECESSORS SOURCE-OPER TRACE-DIRECTION DATUM) 

(defun predeceasora ( source-oper trace-direction datua ) 
(let*( (reault 

(loop (for (index . reaaona) in ([] *tb.index:result* 
•tb.current-index*) ) 

(save 
'(.([] *tb.index:datun* Index) 
,.reasons) ) ) ) ) 

(: = ([] »tb.index:datun* *tb.current-index*) datua) 
(:s »tb.current-index* (• ftftft 1) ) 
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result) ) 

(NAME:DATATYPE NAME) 

(defun naae:datatype ( naae ) 
(let ( ( (() datatype rank) (aaaoc nana *tb.synbol-table*) ) ) 

(assert datatype "NAME:DATATYPE: Naae not found: * (h naae) ) 
datatype) ) 

(defun naae:rank ( nane ) 
(let ( ( (() datatype rank) (assoc naae *tb.syabol-table*) ) ) 

(aeaert rank "NAME:DATATYPE: Naae not found: • (h naae) ) 
rank) ) 

(TEST-BED.UNDO) 

(defun teat-bed.undo () 
(loop (for (naae def) ln «tb.aaved-naaeBftdefe*) (do 

(:= (fundef naae) def) ) ) 
0 ) 
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******** 
******** *** Copyright (C) 1088 John R. Ellis. This file say be uaed for 

*** educational and reaaarch purpoaea only, by the faculty, studenta. ******** 
••• and staff of Yale University only. ••*****• 
*•* ••**•*•• 

VALUE NODES 

A VN (Value Node) represents one value (and possibly an operation) ln the 
expression DAG for a trace. 

(def-struct vn 

nunber 

type 

conatant? 

datatype 

datua 

naae 

oper 

operand-vne 

conatraining-vns 

conetralning-delaya 

off-llve-vns 

readlng-vna 

conatrained-vna 

off-live-reading-vns 

depth 

height 

ne 

A unique nuaber; guarranteed to produce eource 
ordering of nodee ln the trace. 

One Of {DBF. DEFI. OPERATION, USB, USEl. COPY. 
PSEUDO-OP} 

True lf a constant DEF. 

Datatype of thia value, one of (INTEGER. FLOAT) 

The opaque bookkeepr datua handed to ua by 
GENERATE-CODE. 

The variable naae written by thia node; for 
constant DEFs, the value of the conatant. 

Source NADDR operation thia VN repreaenta. 

Liât of VNa that are read by thia VN. 

Liât of VNs that aust precede thia VN, but vhlch 
are not valuea read by thia node. 

A Hat of nunbere correepondlng to 
:CONTRAINT-VNS; each nunber specifies hov nany 
cyclaa later thia VN auat be done after the 
corraapondlng conatrainlng VN. 

List of VNa "conditionally read" by this VN 
on the off-trace edge (if it ls a Juap). 

List of VNs that read the value of this VN. 

List of VNa that are constrained by this VN (via 
: CONSTRAINING-VNS). 

List of VNs (Juaps) that "off-live read" this 
VN. 

A lover bound on the earlleet this VN could be 
echeduled. 

A lover bound on the "tine" of thle VN fron the 
exit of the DAG, analagona to the :DEPTH. 

The functional unit or conatant generator where thle 
VN will be coaputed. 
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llkely-aea 

bug-cycle 

cycle 

acheduled-cycle 

regi ster-bank-ae 
reglater 
register-cycle 

read-cycle 

readera-left 

predeceasora-left 

locatlona 

) 

Liât of MES. the current best guess as to where 
this VN will be located or coaputed. 

The cycle ln vhlch BUG guessed this VN could be 
be acheduled. 

In Hat scheduling, the current earliest cycle this 
VN can be scheduled. 

In Hat scheduling, the cycle thia VN was actually 
acheduled. 

The register location of thia VN and the tine 
it ia available. For USEla. thia la the dealred 
reglater location (If given). 

The last cycle in vhlch the value of thia VN 
vas read. Thia telle us the cycle ln vhlch 
the value la available on a register-bank or 
conatant- generator "port". 

The nunber of successors of this VN that read the 
value (Including off-live readera) that haven't 
been scheduled yet. 

The nuaber of predeceasora of thia VN (operanda 
and conatrainlng VNa) that haven't been acheduled 
yet. 

For USEs and DEFa only, a list of pairs (ME 
REGISTER) specifying the locatlona of tha USE/DEF. 

VNa fora their ova OBJECT-UNIVERSE (aee OBJECT-UNIVERSE.LSP). 

(VN.INITIALIZE) 
Initializes this aodule, forgetting about all previous VNs. 

(VN:CREATE VN) 
Recorda VN ln the VN object univerae. The ldlon for naking a 
nev VN is: 

(VN:CREATE (VN:NEW ...) ) 

(VN:OPERATOR VN) 
(VN:GROUP VN) 

Accessing functions for the NADDR operation of tha VN. 

(VN:DELAY VN) 
For operation VNa, the delay of the assigned ME (in :ME); 0 for 
all other VN types. 

(VN:CONSTRAINED-VN:DELAY VN CONSTRAINED-VN) 
VN 18 on Of the :CONSTRAINING-VNS of CONSTRAINEDS-VN. Returns the 
constraining delay betveen the two (lf there are several delays 
between the two, the largest ls returned). 

(VN:INSERT-VNS VN PREDECESSOR-VNS) 
VN should have exactly one operand. The list PREDECESSOR-VNS ls 
spliced between that operand and VN, so that each VN in 
PREDECESSOR-VNS now reads the operand, and VN now reads all of the 
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; predeceasora. 

; (VN:SPLICE-VN VN NEW-VN READING-VNS OFF-LIVE-READING-VNS) 
; READING-VNS and OFF-LIVE-READING-VNS ahould be subsets of the 
; corresponding readera of VN. NEW-VN la spliced so that It ls a 
; reader of VN, with READING-VNS now reading NEW-VN lnatead of VN. 
; All the VNe ln OFF-LIVE-READING-VNS are aade to off-live read NEW-VN 
; Instead of VN. 

; (VN:DELETE VN) 
; Deletes a VN froa the DAG and VN uni verae. A VN can be 

only lf it has no readers and no off-live readers. 

; (VN:PRINT VN) 
; Prints VN ln a pretty debugging fornat. 

; t#VN I 
Interactive eyntax for acceaslng VN with nunber I. 

(vlalble-flelde vn nunber type naae oper) 

(eval-when (coapile load) 
(Include liBt-Bcheduler:declarations) ) 

(def-object-unlverae »le.vn-unlverse* 
(object-nane vn) 
(napplng-type nunbered-obj ects) 
(obJect-nunber-function 

(laabda ( object ) 
(vn:nuaber object) ) ) 

(aet-obj ect-nuaber-function 
(laabda ( object nuaber ) 

(:= (vn:nuaber object) nunber) ) ) 
(initial-size 200) ) 

(def-aharp-aharp vn 
'(vn-unlverae:nunber:vn ,(read) ) ) 

(defun vn.initialize () 
(vn-unlversa:initialize) 
0 ) 

(defun vn:create ( vn ) 
(lf (1 vn) (then 

(:= vn (vn:new) ) ) 
(elae 

(assert (vn:ls vn) ) ) ) 
(vn-unlverse:add vn) 
vn) 

(defun vn:operator ( vn ) 
(assert (vn:ls vn) ) 
(operoperator (vnoper vn) ) ) 

deleted 
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(defun vn:group ( vn ) 
(asaert (vn:la vn) ) 
(oper:group (vnoper vn) ) ) 

(defun vn:delay ( vn ) 
(assert (vn:ls vn) ) 
(caseq (vn:type vn) 

(operation 
(assert (vn:ae vn) ) 
(ae:delay (vn:ne vn) ) ) 

( t 
0) ) ) 

(defun vn:eonstrained-vn:delay ( vn constrained-vn ) 
(asaert (vn:ls vn) ) 
(loop (for eonstralnlng-vn in (vn:constraining-vns constralned-vn) ) 

(for conatrainlng-delay In (vn: constraining-delays constralned-vn) ) 
(when (ss constralnlng-vn vn) ) 

(aaxlalze constralnlng-delay) ) ) 

(defun vn:insert-vns ( vn predecessor-vna ) 
(assert (== 1 (length (vn:operand-vns vn) ) ) ) 
( l e t ( (operand-vn (car (vn:operand-vns vn) ) ) ) 

(:s (vn:readlng-vna operand-vn) (top-level-renoveq vn ftftft) ) 

(loop (for predeceasor-vn ln predeceasor-vna) (do 
(puah (vn:readlng-vna operand-vn) predecesaor-vn) 
(:= (vnoperand-vna predeceasor-vn) '(,operand-vn) ) 
(:= (vn:readlng-vna predecesaor-vn) '( .vn) ) ) ) 

(:= (vnoperand-vna vn) predecessor-vns) 

(defun vnopllce-vn ( vn new-vn readlng-vna off-live-reading-vna ) 
(aasert (subset? readlng-vna (vn:readlng-vna vn) ) ) 
(aasert (sub8et? off-live-readlng-vna (vn:off-live-readlng-vna vn) ) ) 
(asaert (II readlng-vns off-llve-readlng-vns) ) 

(:= (vn:readlng-vna vn) (set-dlffq ftftft readlng-vns) ) 
(puah (vn:readlng-vna vn) new-vn) 

(;s (vnoperand-vna new-vn) *(,vn) ) 
(:= (vn:reading-vns new-vn) readlng-vna) 

(loop (for readlng-vn ln reading-vns) (do 
(:= (vnoperand-vna readlng-vn) 

(top-level-8ubstq new-vn vn ftftft) ) ) ) 

(:s (vnoff-llve-reading-vna vn) (aet-dlffq ftftft off-live-readlng-vna) ) 

(:s (vnoff-llve-readlng-vn8 new-vn) off-live-readlng-vna) 

(loop (for off-llve-readlng-vn ln off-live-readlng-vna) (do 
(:s (vnoff- l lve-vna off-llve-readlng-vn) 

(top-level-Bubstq new-vn vn ftftft) ) ) ) 
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(datun vn:delete ( vn ) 
(asaert (eft (! (vn:readlng-vns vn) ) 

(! (vnoff-llve-readlng-vna vn) ) 
(l (vnoff-llve-vna vn) ) ) ) 

;*** Rénove references to thia VN froa any VNa conatralnad by thia 
;*** one; ugh. neaay. 
;**• 

(loop (for conatralnad-vn ln (vn:constrained-vns vn) ) (do 
(loop (for conatralnlng-vn ln (vn:constraining-vna constralned-vn)) 

(for delay in (vnoonstralning-delays constralned-vn)) 
(vhen (!ss conatralnlng-vn vn) ) 
(Initial nev-constrainlng-vna () 

nav-conatraining-delays () ) 
(do 

(push nev-conatrainlng-vna conatralnlng-vn) 
(push nev-conatralnlng-delaya delay) ) 

(reault 
(:= (vn:eonatralnlng-vns constralned-vn) 

(dreverae new-conatralnlng-vns) ) 
(;s (vn:conatralnlng-delaya constralned-vn) 

(dreverae new-conatralnlng-delaya) ) ) ) ) ) 

;*** Now reaovea referencea to thia VN froa conatrainlng VNa. 
;••» 

(loop (for conatralnlng-vn ln (vn:constraining-vns vn) ) (do 
(:= (vn:constralned-vna constraining-vn) 

(top-level-reaoveq vn ftftft) ) ) ) 

;••* Roaove all references to VN froa lta operanda. 
;**• 

(loop (for operand-vn in (vnoperand-vna vn) ) (do 
(:= (vn:reading-vne operand-vn) 

(top-level-reaoveq vn ftftft) ) ) ) 

(vn-unlveraa:delete vn) 
0 ) 

(defun vn:print ( vn ) 
(assert (vn:ls vn) ) 

(nsg 0 (vnounber vn) ": ' ) 
(caseq (vn-.type vn) 

(def (nag "def • (vnoaas vn) • ") ) 
(defl (nag "defl " (vnoaae vn) " ") ) 
(uae (nag "uae • (vnoaae vn) * ") ) 
(uael (nag "uael • (vnoaae vn) " ") ) 
(operation (nag (vnoper vn) " ") ) 
(pseudo-op (aag (vnoper vn) " ") ) 
(copy (nag "copy " (vnoper vn) • ") ) 
(t 

(error (list vn "VN:PRINT: Unknown VN:TYPE.") ) ) ) 
(lf (vn:constant? vn) (then 

(nag "c •) ) ) 
(lf (vn:datatype vn) (then 

(nag (vn:datatype vn) " •) ) ) 
(nag t) 

(lf (vnoperand-vna vn) (then 
(nog * operand-vna: •) 
(loop (for operand-vn ln (vnoperand-vna vn) ) (do 

(nag (vn:nuaber operand-vn) " ') ) ) 
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(aag t ) ) ) 

(lf (vn:con8tralnlng-vna vn) (then 
(asg • constraining-vns: •) 
(loop (for constraining-vn in (vn:constraining-vns vn) ) 

(for constraining-delay ln (vn:constraining-delays vn) ) 
(do 

(nag (vnounber constralnlng-vn) ••" constralnlng-delay " ") ) ) 
(nag t) ) ) 

(lf (vnoff-Hve-vn8 vn) (then 
(nag • off-llvo-vna: •) 
(loop (for off-llve-vn ln (vnoff-llve-vna vn) ) (do 

(nag (vnounber off-llve-vn) " ") ) ) 
(nag t) ) ) 

(lf (vnoonatralned-vna vn) (than 
(nag " constrained-vns: •) 
(loop (for constralned-vn ln (vn:constrained-vna vn) ) (do 

(nag (vnounber constrained-vn) " *) ) ) 
(aag t) ) ) 

(lf (vn:depth vn) (then 
(nag " depth: • (vn:depth vn) t) ) ) 

(lf (vn:cycle vn) (then 
(nag " cycle: • (vn:cycle vn) t) ) ) 

(lf (vn:bug-cycle vn) (then 
(nag " bug-cycle: " (vn:bug-cycle vn) t) ) ) 

(lf (vnocheduled-cyele vn) (then 
(asg • scheduled-eye le: • (vnocheduled-cyele vn) t) ) ) 

(lf (vn:ne vn) (then 
(nsg " n e : • 

(aeoaae (vn:ne vn) ) t) ) ) 

(lf (vn:likely-nes vn) (then 
(nsg • likely-nee: • (h (ne-llstoaae-llst (vn:llkely-nea vn)}) 

(lf (vn:locations vn) (then 
(asg • locatlona: • 

(h (loop (for (aa reglater) ln (vn:locatlona vn) ) (save 
'(.(aeoane ne) .register) ) ) ) 

t) ) ) 

(if (vn:reglster-bank-ae vn) (then 
(nag • reglater: • 

(aeoaae (vn:reglater-bank-ne vn) ) • " (vn:regi8ter vn) 
t) ) ) 

0 ) 
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WRITE-VNS 

Thia aodule provldea the Interface functlona for printing out VN DAGa. 
See the slallar aodulea ln DRAWING: for detalla about hov to get 
DAGa printed out. 

(WRITE-VNS »OPTIONAL (FILENAME "IN.DAG) DAG-COMMANDS) 
Wrltee a deaeription of the current VN DAG to FILENAME. DAG-COMMANDS 
is an optional Hat of asalgnnent statenents that vill be recorded 
with the DAG and EVALed by the DAG-drawlng software; these 
asslgnnents control the foraattlng of the DAG. See the variable 
•WV.DEFAULT-DAO-COMMANDS* below. 

(eval-vhen (coaplle eval) 
(build *(drawing:dag-lnput-node) ) ) 

(defvar *wv.default-dag-coaaanda* 
•( (:= »dag:box-height* 48) 

»dag mode-width* 100) 
»dag:line-width* 25) 
»dag:box-width* 80) 
*dag:BlnlBUB-level-aeparatlon* 30) 
*dag:ideal-text-lines-per-node* 4) 
*dag:fold-text-llnea?* () ) 
*dag:crltlcal-threahold* 0) 
*dag:reaove-non-crltlcal-nodeeftedgea?* 

() ) 
«dag:ahado-critlcal-nodes?» () ) 
«dag:text-x-aargln« 3) 
»dagoake-alldea»? 0 ) ) ) 

(defun wrlte-vna ( .optional (fllenane "In.dag") dag-coaaanda) 
( l e t ( (fllenaaa ( f i l e - l i s t : f l l enaae 

( f i l e - l i s t o e r g e fllenaae ' ( ( ) () () "DAG") ) ) ) ) 
( lota ( ( f i l e fllenane '(out neweralon) ) ) (without f i l e 

(nag (h '(,,*wv.default-dag-connands* ..dag-connanda) 
100000 100000) t ) 

(nsg (h (wv.dag:graph) 100000 100000) t) 
(fllenaae f i l e ) ) ) ) ) 

(defun wv.dag:graph () 
( l e t ( (*wv.all-nodes* () ) ) 

(loop (for-each-vn vn) 
(vhen (wv.vn:visible? vn) ) 

(do 
(pueh »wv.all-node8* 

(caaeq (vn:type vn) 
( (def uae) 

(wv.def-uee-vn:create-node vn) ) 
( (defl uael) 

(wv.defl-uael-vn:create-node vn) ) 
(operation 
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(wv.operation-vn:ereate-node vn) ) 

(copy 
(wv.copy-vn:create-node vn) ) 

(reault 
(dreverse »wv.all-nodea») ) ) ) ) 

(defun w.def-uae-vn:create-node ( vn ) 
(dag:lnput-noda:nev 

naae (vnounber vn) 
label '( . (atrlng-aag (vnounber vn) " • (vaoaae 

. ( n e - l i s t o a a e - H a t (vn:llkely-nea vn) ) 
s ty le 'shadlng2 
chlld-edge-etyles 

(w.vn: child-edge-sty les vn) ) ) 

(defun w.def l -usel-vnoreate-node ( vn ) 
(dag: input-node :nev 

nana (vnounber vn) 
label '( .(atrlng-aag (vnounber vn) • • (vnoaae 

,(wv.vn:location vn) ) 
Btyle '8hadlng2 
chlld-edge-atylea 

(wv.vnohlld-edge-atylee vn) ) ) 

(defun wv.operatlon-vn:create-node ( vn ) 
(dag:Input-node :nev 

naae (vnounber vn) 
label ' ( . (atrlng-nsg (vnounber vn) " " (ne:naae 

. (vnoper vn) 
,(wv.vn:location vn) ) 

child-edge-styles 
(wv.create-chaln 

(ae:delay (vnoe vn) ) 
'node 
' ( . (neoaae (vn.-ae vn) ) ) 
0 
'nornal 
(wv.vnohlld-edge-atylee vn) ) ) ) 

(defun w . copy-vn :create-node ( vn ) 
(dag:Input-node :nev 

naae (vnounber vn) 
label '( .(atrlng-aag (vn:nuaber vn) • • (w.vn:ne 

copy 
,(wv.vn:location vn) ) 

s ty le 'shaded 
child-edge-styles 

(wv.vn:child-edge-styles vn) ) ) 

(defun w.vn:ae-naae ( vn ) 
(?( (vn:reglBtar-bank-ne vn) 

(aeoaae (vn:reglater-bank-ne vn) ) ) 
( (vnoe vn) 

(neoana (vnoe vn) ) ) 
( t 

""> ) ) 

) ) ) 

vn) ) 
) 

vn) ) 

(vnoe vn) ) ) 

-nane vn) ) 
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(defun w.vn:location ( vn ) 
(?( (vn:reglater-bank-ae vn) 

(etrlng-BBg (aeoaae (vn:reglater-bank-ae vn) ) " " 
(vn:reglater vn) ) ) 

( (vnoe vn) 
(neoaae (vnoe vn) ) ) 

( t 
"") ) ) 

(defun w.vn:chlld-edge-atylea ( vn ) 
(nconc 

(loop (for readlng-vn ln (nodupleaq (vn:reading-vna vn) ) ) 
(vhen (w.vn:vis ible? readlng-vn) ) 

(aave 
(w.vn:chlld-vn:atyle:create-edge vn readlng-vn 'thick) ) ) 

(loop (for constralned-vn la (nodupleaq (vaoonatralned-vna vn) ) ) 
(when (ftft (> (vn:eonatralnad-vn:delay vn constrained-vn) 0) 

(wv.vn:visible? constralned-vn) ) ) 
(aave 

(wv.vn:child-vn:style:create-edge vn constralned-vn 'shaded))))) 

(defun w.vn:child-vn:style:create-edge ( vn child-vn atyle ) 
( le t ( (next-cycle (w.vn:next-cycle vn) ) 

(child-cycle (w.vn:cycle child-vn) ) ) 

( l f ( = next-cycle child-cycle) (then 
'( .(vnounber chlld-vn) . s ty le ) ) 

(elae 
( l e t ( (cloeeat-pred-vn (wv.vn:closest-pred-vn chlld-vn) ) ) 

( l f (!== vn closeat-pred-vn) (then 
'(.(vnounber chlld-vn) ,atyle) ) 

(elae 
(car (w.create-chaln 

(- child-cycle next-cycle) 
'line 
0 
Btyle 
etyle 
'( (.(vnounber chlld-vn) .style))))))))))) 

(defun w.vnolosest-pred-vn ( vn ) 
(let ( (cloeeet-operand-vn 

(loop (for operand-vn ln (vnoperand-vne vn) ) 
(aaxlalze operand-vn (w.vn:next-cycle operand-vn) ) ) ) 

(closest-constraining-vn 
(loop (for constraining-vn ln (vn:conatrainlng-vns vn) ) 

(for conatrainlng-delay in (vnoonstralnlng-delays vn) ) 
(vhen (> conetralnlng-delay 0) ) 

(aaxlalze conatralnlng-vn 
(w.vn:next-cycle constrninlng-vn) ) ) ) ) 

(lf (ftft closeat-conatralnlng-va 
(> (w.vn:next-cycle cloaeat-conatralnlng-vn) 

(w.vn:next-cycle cloeeet-operand-vn) ) ) 
cloaeat-constrainlng-vn 
cloaest-operand-vn) ) ) 

(defun w.create-chaln 
( length type label box-style edge-style child-edge-styles ) 

(loop (initial prev-cnlld-edge-styles chlld-edge-atylea) 
(deer 1 froa length to 1) 
(bind node (dag:input-node:nev 

nane (gensyn) 
type type 
label label 
etyle box-style 
chlld-edge-8tyles 

prev-child-edge-otyleo) ) 
(do 

(push »wv.all-nodes* node) 
(:= pre v-chi Id-edge-styles *( (, (dag: input-node oaae node) 

,edge-8tyla) ) ) ) 
(reeult prev-chlld-edge-stylee) ) ) 

(defun wv.vn:next-cycle ( vn ) 
(• 1 (• (wv.vn:cycle vn) 

(caseq (vn:type vn) 
(operation (ne:delay (vnoe vn) ) ) 
(t 0) ) ) ) ) 

(defun w.vn:cycle ( vn ) 
(caseq (vn:type vn) 

(def 
(lf (s= 'defl (vn:type (car (vn:readlng-vna vn) ) ) ) 

-2 
-0 ) 

(defl 
-O 

( (copy operation) 
(vn:cycle vn) ) 

(uael 
(vn:cycle vn) ) 

(uae 
( l f (s= 'usel (vn:type (car (vnoperand-vns vn) ) ) ) 

(*• 1 (vn:cycle vn) ) 
(vn:cycle vn) ) ) 

( t 
(error (list vn "Case error.") ) ) ) ) 

(defun w.vn:visible? ( vn ) 
(caseq (vn:type vn) 

(pseudo-op 
0 ) 

(def 
(for-sone (readlng-vn ln (vn:readlng-vna vn) ) 

(ftft (!== 'use (vn:typa readlng-vn) ) 
(w.vn:visible? reading-vn) ) ) ) 

(defl 
(for-8oae (readlng-vn in (vn:readlng-vns vn) ) 

(!== 'uael (vn:type readlng-vn) ) ) ) 
( (operation copy) 

t ) 
( (uael uae) 

(wv.vn:visible? (car (vnoperand-vna vn) ) ) ) 
(t 

(error (Hat vn "Caae error.") ) ) ) ) 
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