
r. 
BOOKKEEPER 

This nodule inplenenta the bookkeeping part of trace scheduling — that 
part which, given a trace and a schedule for the trace, unspllces the 
trace froa the MI flow graph and splices ln the schedule, generating 
compensation code and keeping track of live variables and USE/DEFs. 

(TR.INITIALIZE-BOOKKEEP) 
Initializes this aodule by clearing out global state. 

(TR.BOOKKEEP) 
Perforas bookkeeping on the current trace and its schedule, 
bookkeeping is broken up into several aain passes. 

The 

Each aain pass ls described ln detail at its source; here ls a summary of 
the passes: 

(BK.RECORD-THE-TRACE) 
Records the trace on a vector for easy accesa later on. 

(BK.BUFFER-THE-TRACE) 
Isolates the trace fron the rest of the MI flow graph by splicing ln 
dunnles on each edge entering and exiting the edge. These dummies 
act as sentinels and nake the lapleaentatlon auch easier. 

(BK.COALESCE) 
Coalesces the aachine operations in each cycle of the schedule Into 
a coapacted MI; the conpacted Mis are stored on a vector for eaay 
access. 

(BK.FIX-SUCCESSORS) 
Seta the successors of each coaleaced, conpacted MI and generates 
split compensation code and DEFs at each apllt. 

(BK.FIX-PREDECESSORS) 
Sets the predeceasora of each coaleaced, coapacted MI and generates 
rejoin conpenaation coda and USEa at each join. 

(BK.PROPAGATE-LIVE-VARIABLES) 
Performs lncrenental live analysis on all the rejoin and split 
coapensatlon code and USE/DEFs generated during bookkeeping. 

(BK.MISCELLANEOUS-CLEAN-UP) 
Miscellaneous clean upa not deaervlng of a separate pass. 

(eval-when (coaplle load) 
(Include trace declarations) ) 

(declare (special 
•bk.use-def-nls* 

»bk.dunny-nis* 

*bk.new-pernanent-als* 

*bk.reJ oln-duanies* 
»bk.spllt-dunnles* 
*bk.cycle:ni* 

*** List of all Mis representing DEFs and 
*** USEs created for current schedule. 
*** List of all dunny Mis created for the 
*** current achedule. 
*** Liât of new non-dunny Mis aade for current 
*** schedule. 
*** Llat of dunny Mis bufferring rejoins. 
*** List of dunny Mis buffering splits. 
*** A vector of coalesced Mis corresponding 
*** to *TR.SCHEDULE*. 

PS :<C.S.BULLDOG.TRACE>BOOKKEEPER.LSP.1 

*bk.trace-pos:ni* ;*** A vector of elenents on the trace. 
*bk.trace-pos:reJoin-cycle* 

;*** A vector for deciding where rejoins go. 
»bk.use-def-count* ;»** Count of the USEs and DEFs spliced into 

;»*» the Ml graph. 
) ) 

(defun tr.initlallze-bookkeep () 
- »tr.reJoin-count* 0) 
= *tr.split-count* 0) 
= *tr.partial-rejoln-count* 0) 
s *tr.partial-split-count* 0) 
= *bk.uae-def-count* 0) 

s *bk.dunny-nlB* () 
= »bk.rejoln-dunnles* () 
= «bk.spllt-dunnles* () 
= *bk.new-pernanent-als* () 
= *bk.use-def-ala* () 

•bk .cyc leo l* () ) 
= *bk.trace-pos o i * () ) 
s *bk.trace-pos:reJoin-cycle* () ) 

(defun tr.bookkeep () 
(tr.lnltlallze-bookkeep) 
(bk.record-the-trace) 
(bk.buffer-the-trace) 
(bk.coalesce) 
(bk.fix-successors) 
(bk.fix-predecessors) 
(bk.propagate-llve-varlables) 
(bk.al8cellaneous-clean-up) 
0 ) 

• **! 
»** 
• ** 
I * * 
> * * 
• ** 
• ** 
»** 
*** 
»** 
(*• 
k * * 
»*»: 

(BK.RECORD-THE-TRACE) 

Recorda the trace ln »TR.TRACE-MIS» ln the array »BK.TRACE-POS:MI*. 
The :TRACE-PRED and :TRACE-SUCC fields of each trace MI are aet to 
be the predecessor and successor trace Mis. The :TRACE-PRED of the 
first MI ls set to be () (causing all of its predeceasora to be 
treated as off-trace predecessors). The :TRACE-SUCC of the last 
MI ls set to be Its first successor (Just so that ve have both an 
on-trace and off-trace successor for later code). 

(defun bk.record-the-trace () 
(:= *bk.trace-pos:nl* (aakevector (+ 1 *tr.trace-size*) ) ) 

(loop (for trace-al in »tr.trace-als*) 
(incr trace-pos fron 1) 
(Initial prev-trace-Bl () ) 

(do 
(:= ([] *bk.trace-pos:al* trace-pos) trace-nl) 
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( 

(:= (nl:trace-pos trace-ni) trace-pos) 
(:= (nl:trace-pred trace-nl) prev-trace-ni) 
(:= (nl:trace-succ trace-ni) () ) 
(if prev-trace-ni (then 

(:= (nl:trace-succ prev-trace-ni) trace-nl) ) ) ) 
(next prev-trace-ni trace-nl) ) 

( l e t ( (last-mi ([] »bk.trace-pos:ni» »tr.trace-size») ) ) 
(:= (nl:trace-8ucc las t -n l ) (car (a louccs las t -a l ) ) ) ) 

0 ) 

(BK.BUFFER-THE-TRACE) 

This "buffers" the trace with dummy Mis that act as algorithmic 
sentinels. A dunny is spliced ln betveen every conditional Junp 
on the trace and Its off-trace successor. A dummy ls also spliced 
ln between a Join point ln the trace and all the Mis that Juap to 
that single point. The edge Into the beginning of the trace ls 
considered a rejoin and buffered as such; all the edges leaving the 
last MI of the trace are considered off-trace split edgea and also 
buffered. 

One of the dummies joining to the beginning of the trace ls 
distinguished as the "on-trace" predecessor of the first trace MI. 
Likewise, one of the dunales buffering the edges fron the end ls 
distinguished as the "on-trace" successor of the last MI. This 
guarrantees that every conditional Junp on the trace has an on-trace 
and off-trace successor. 

But isolating the trace with dummies, we are guarranteed that every 
flow edge coning into and out of the trace haa lta tall or head off 
the trace, and that every trace MI la Juaped to by at aost one 
off-trace predecessor. 

This buffering nakea aeveral things tractable, e.g. the handling 
of Juaps on the trace that rejoin back to the trace and the aerglng 
of N+i-way Junps. 

Rejoin dunales have the outgoing live variables stored ln the 
: COPY-LIVE-OUT field. Slnllarly, split dunales have the lnconing 
live variables stored ln :COPY-LIVE-OUT. (Do we need the rejoin 
live Info?) After producing the split and rejoin coplea, we propagate 
the live info froa the split dunnles up Into the split coplea. 

(defun bk.buffer-the-trace () 

(loop (incr trace-poa fron 1 to *tr.trace-size*) 
(bind trace-Bl ([] »bk.trace-poaoi« trace-pos) ) 

(do 
( l f ( | | (n ioejo in? trace-ni) 

(== 1 trace-poa) ) 
(then 

(bk.nlOuffer-rejoln trace-ni) ) ) 

( i f (ai:cond-Juap? trace-ni) (then 
(bk.al:buffer-apllt trace-nl (a lof f - trace-d irect ion trace-n i ) ) ) ) ) ) 
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( l e t ( ( f l r s t -a i ( [ ] *bk.trace-pos:ai* 1) ) 
( las t -a l ([] *bk.trace-posoi* *tr.trace-size*) ) ) 

(bk.Bl:buffer-spllt las t -a l ' le f t ) 

(:s (al:trace-pred flrBt-ai) 
(car (ni:preds f i r s t -a i ) ) ) 

(:= (nl:trace-succ las t -a l ) 
(car (ni:8ucc8 last-nl) ) ) ) 

0 ) 

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

*** 
*** (BK.MI:BUFFER-REJOIN REJOINED-MI) 
*** 
*** Inserts a buffering dunny between an MI on the trace, REJOINED-MI. 
*** and all of Its off-trace predecessors. The live infornation ls 
*** recorded on the dunny. 
*** 
• « * = = 3 3 = 3 = S = = = = 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 = = S 3 3 3 = 3 3 = = = = = = = 3 = 3 S 3 S 3 3 S S 3 3 3 S S 3 S 3 3 S S S 3 S S = = = 

(defun bk.nlOuffer-rejoln ( rejolned-ni ) 
( l e t ( (dunny (bk.nl : new-dummy) ) ) 

(puah «bk.rejoin-dunnlea* dunny) 
(bk.splice (nioff-trace-preda rejoined-nl) 

dunny 
rejolned-al) 

(:= (ni:copy-live-out duaay) (a l : l i ve - in rejolned-ai) ) 

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

*** 
*** (BK.MI:BUFFER-SPLIT SPLIT-MI DIRECTION) 
*** 
*** Inserts a buffering dunny betveen a condition junp MI on the trace, 
*** SPLIT-MI, and one of its successors; DIRECTION (LEFT or RIGHT) 
*** specifies vhlch successor. The live Infornation ls recorded on 
*** the dummy. 
*** 
***=============333=333S33S33S33=S========333S3=33333333S3S3SSSS33333S=S333=3-

(defun bk.ni:buffer-split ( split-ni direction ) 
(let ( (dunny (bk.aloew-dunay) ) 

(edge-live (al:llve-out-on-edge spllt-ni direction) ) ) 
(push »bk.split-dummies* dunny) 
(bk.splice (list split-ni) 

dunny 
(lf (ss 'left direction) 

(car (nl:succs split-mi) ) 
(cadr (ml:succs split-mi) ) ) ) 

(:= (ai:copy-live-out duaay) edge-live) 
0 ) ) 

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

;*** 
;*** (BK.COALESCE) 
;*** 
;*** This takea the schedule of aachine operations and for each cycle 
;**• in the schedule constructs a coapacted MI that represents the aachine 
;*** operations of the cycle. Each such "coalesced" MI is narked as 
;*** conpacted and placed in the vector napping *BK.CYCLE:MI* (the napping 
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C C 
;»»» Is 1-based, of course). 
;*»* 
;*»* An enpty, pernanent conpacted MI is always added to the end of the 
;»»» schedule. This gives rejoins to the "end of the schedule* a place 
;»»* to junp to and insures that even enpty schedules are reprsented by 
;*»* one coapacted MI (helping to maintain the assertion that all the 
;»»» predecessors of DEFs and all the successors of USEs are conpacted). 
;*** 
; * * * = = = = = = 3 = 3 S 3 3 3 = = S 3 = = = = 3 3 3 = = = = = = 3 = = 3 = = = S 3 3 3 3 3 3 3 = = = = = = 3 3 3 3 3 3 = = = 

(defun bk.coalesce () 
(:= »bk.cycleol* (aakevector (+ 2 »tr.schedule-size») ) ) 

;»»» Coalesce each cycle of the achedule. 
* 

(loop (incr cycle froa 1 to »tr.schedule-size») (do 
(:= ([] »bk.cycle:nl* cycle) 

(bk.nl:coalesce (schedule: [] »tr.schedule* cycle) ) ) 

(loop (for ni in (ai:constituents ([] »bk.cycleoi* cycle) ) ) (do 
(if ai (then 

(lf (! (ni:first-cycle al) ) 
(:= (al:first-cycle al) cycle) ) 

(:= (ai:last-cycle al) cycle) ) ) ) ) ) ) 

;*** Add the an eapty peraanent MI to the end of the schedule. 
;*** This MI la aade to point at the on-trace duaay buffering 
;*** the end of the trace, and the duany aade to point at the 
;*** MI. This ls done here since it won't follow out nicely ln 
;*** later passes. 

(let'( (last-nl (bk.nl:coalesce () ) ) 
(last-dunmy (ni:trace-succ ([] *bk.trace-posol* *tr.trace-size*)))) 

(:= ([] *bk. cycle ol* (+ 1 *tr. schedule-size») ) 
last-ni) 

(:= (nl:succs last-nl) (list last-dunny) ) 
(:= (nl:preds laat-duaay) (list last-ni) ) ) 

0 ) 

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

;*** 
;*** (BK.FIX-SUCCESSORS) 
;*** 
;*** Fixes all the successors of the coaleaced Mia on the achedule, 
;*** splicing ln split conpensation code and DEFa where necessary. 
;*** 
; * * * = = = = = 3 = = = = 3 = = = = = = = = = = = = = = = = 3 = = = = = = = 3 3 = = = = = = = = = = = = = 

(defun bk.fix-successors () 

(loop (incr cycle froa 1 to *tr.schedule-size*) (do 
(bk.Bchedule-nl:flx-succa ([] *bk. cycle ol* cycle) cycle) ) ) 

(let ( (last-nl ([] »bk.cycle:ni» (+ 1 »tr.schedule-size») ) ) ) 
(bk.splice-def-partial-schedule 

last-al 
(schedule:split »tr.schedule* (+ 1 »tr.schedule-size») ) 
(car (nl:succs last-al) ) ) ) 

0 ) 
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f 
;***_==__=_=====_3=3=3333===33333=============3=33=_=====3=_==3= = =_3=3==33333_: 

;»** 
;+** (BK.SCHEDULE-MI:FIX-SUCCS MI CYCLE) 
;*** 
;*** Fixes the aucceasors of the coalesced MI at a given cycle, generating 
;*** split compensation code and a DEF lf it ls a split. 
;*** 
; * * » = = = = S S S S S S S S 3 = = 3 = 3 3 3 3 3 3 3 3 3 3 = = = = = = = = = = = = = = = = = 3 3 3 S = = = = 3 3 3 3 = = = = = = = = 

(defun bk.schedule-Bi:flx-8uccs ( nl cycle ) 

(let ( (Juap-ais (bk.nl:cond-Junp-constituents nl cycle) ) ) 

;*** The successors of the nev MI are those of the original 
;*** conditional Junps, with the conditional junps* trace 
;*** successors replaced by the next scheduled instruction. Ve 
;*»* update the predecessors of the off-trace Mis being Junped 
;»»» to, but not the predecessors of the on-trace Mis, which will 
;**» be done ln the next pass. 

(loop (for junp-al ln Juap-als) 
(bind SUCC-BI (nioff-trace-succ junp-al) ) 
(initial succ-llst () ) / 

(do 
(push succ-llst succ-nl) 
(:= (nl:preds succ-ai) (top-level-substq nl Junp-al ftftft) ) ) 

(result 
(push succ-list ([] »bk. cycle ol* (+ 1 cycle) ) ) 
(:= (ai:succs ai) (dreverse succ-llst) ) ) ) 

;*** Check to see if any elenents were before the condltonal junp 
;»»» on the trace, but have now been scheduled below. For each, 
;*** call it ABOVE-MI, we nake a copy of It for placenent before 
;*** each off-trace follower. Note that these ABOVE-MIs are forned 
;*** in reverse trace order, necessary since data precedence aust 
;•** be preserved ln the sequence of copied instructions. Thus 
;»»» the DECR ln the loop below. After the copies are aade, we 
;*** splice ln the DEF and partial schedule of multi-cycle 
;*»* operations that spanned the split point that the code 
;*** generator told us about. 
;*** 
;*** Before splicing each split edge looka like: 
;*** 
;*** al -> duaay -> off-trace 
;*** 
;*** After, it looks like: 
;*** 
;*•* al -> partlal-sched -> def -> split-copies -> duaay -> off-trace 

(loop (for juap-al ln junp-nls) 
(incr Jump-number froa 1) 
(bind Junplng-Bl ni 

Juaped-to-al (nioff-trace-succ Juap-ai) 
partlal-scheduleftdef 

(schedule:split »tr.schedule* cycle Jump-number)) 
(do 

(loop (deer cycle2 froa (- (nl:trace-poa Junp-nl) 1) to 1) 
(bind above-al ([] *bk. trace-pos ol* cycle2) ) 

(do 
(lf (ftft (al:first-cycle above-al) ;»»» scheduled? 

(> (al:first-cycle above-al) cycle) ) 
(then 
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(:= junped-to-ni (bk.splice (list Junplng-nl) 
(bk.nl:copy above-nl 'split) 
Junped-to-ni) ) 

(++ »tr.split-count») 
(bk.print-copy-after-nessage above-al Junp-al) ) ) ) ) 

(bk.spllce-def„partial-schedule 
Junplng-nl 
partlal-scheduleftdef 
Junped-to-ni) ) ) 

0 ) ) 

»» 
*» (BK.SPLICE-DEFftPARTIAL-SCHEDULE COALESCED-MI (DEF PARTIAL-SCHEDULE) 
»* OFF-TRACE-MI) 
»» 
»» Splices a partial schedule and def as returned by SCHEDULE:SPLIT 
»» betveen a coalesced Bi on the nevly foraed schedule and its off-trace 
»* successor. 
»» 
* * = = = = = = = = = = = 3 = 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 = = = = = = = 3 = 3 = = 3 = 3 = 

(defun bk. splice-def-partial-schedule 
( coalesced-al (def partial-schedule) off-trace-nl ) 

(let ( (Junped-to-ni off-trace-nl) ) 
(lf def (then 

(:= junped-to-al 
(bk.splice (list coalesced-nl) 

(bk.nl:nev-u8e-def def) 
Junped-to-ni) ) ) ) 

(lf partial-schedule (then 
(:s »tr.partial-split-count* 

(+ ftftft (schedule:length partial-schedule) ) ) 
(loop (deer cycle fron (achedule:length partial-schedule) to 1) (do 

(;s Junped-to-nl 
(bk.splice (list coalesced-ni) 

(bk.ai:coalesce (schedule: [] partial-schedule 
cycle) ) 

Junped-to-al) ) ) ) ) ) 

junped-to-ni) ) 

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

;•** 
;*** (BK.PRINT-COPY-AFTER-MESSAGE CQPIED-OP JUMP-OP) 
;*** 
;*** Used for debugging. 
;*** 
;***====S===============3=333S33S333SSS3SSSS3SS3SS333S333==3====3=3=: 

(defun bk.prlnt-copy-after-nesaage ( copled-op Junp-op ) 

(if *tr.print-copying?* (then 
(aag 0 t t "A nev copy of * (ni:source copled-op) 

", achedule ln cycles " 
(nl:first-cycle copled-op) ":" (al:last-cycle copled-op) 

7 
PS :<C.S.BULLDOG.TRACE>BOOKKEEPER.LSP.1 

r 
"was produced to follow the Junp " 
(nl:source Jump-op) 
", schedule in cycles " 
(nl:first-cycle Junp-op) ":" (ni:last-cycle Jump-op) ".» 

;*** = = = = ==_=== = = = = = = = = = = = = = = S 3 = 3 3 3 3 3 = 3333=3=___==333 ==_-=33_== = = 3=333333: 

;*** 
;*** (BK.FIX-PREDECESSORS) 
;»*» 
;»** Fixes all the predecessors of the coalesced Mis on the schedule, 
;»** generating rejoin conpensatlon code and USEs for Mis that are Joins. 
;*** 
; * * * = = = = = 3 3 3 3 3 3 = = 3 3 3 3 3 3 3 3 3 3 3 3 = 3 = = 3S33333333333333==3==== ==33333 = 3=333333=: 

(defun bk.fix-predecessors () 

(bk.build-trace-pos: reJ oin-cycle) 

;*** We can be sure that each MI ls Junped to by at least Its 
;*** echeduled predecessor. Recall that the last MI in the 
;*** schedule ls an enpty MI. 

(loop (incr cycle fron 2 to (+ »tr.schedule-size* 1) ) 
(bind al ([] «bk.cycleoi* cycle) 

pred-ni ([] *bk.cycle:ni* (- cycle 1) ) ) 
(do 

(:= (ni:preds nl) (list pred-ni) ) ) ) 

;*** Now fix up all the nornal rejoins, including the rejoin to the 
;*** the top of the schedule. 

(loop (for rejolnlng-nl in »bk.reJoin-dummies») (do 
(bk.rejolnlng-ni:fix-rejoln rejolnlng-nl) ) ) 

0 ) 

;***3333S3333====3333=33333=3==3= = 3==S33= ====33333333=3== =333=33 ===========: 

;*** 
;**» (BK.REJOINING-MI:FIX-REJOIN REJOINING-MI) 
;»»* 
;»»* Fixes a rejoin fron the off-trace REJOINING-MI to somewhere in the 
;»»* schedule. A rejoin point ls selected at the highest point in the 
;*** schedule such that all the operations scheduled below that point 
;*»* were also belov the original rejoin point. The rejoin froa 
;»** REJOINING-MI ls aade. Then ve copy Into the rejoin all the operations 
;**• that have noved in the schedule up above the rejoin point. This 
;*** is complicated vhen a conditional Junp ia copied — ve sight have 
;*** to copy some stuff onto the "off-trace" edge of the copied conditional 
;*** Junp as veil. 
;«** 
;*«« Note how having a special eapty MI at the end of the schedule nakes 
;**« things work out nice — we always have a spot "at the end of the 
;««« schedule" to nake a rejoin to. 
;**• 
; * * » = = = = = = = = = S 3 3 S 3 = = = = 3 3 3 = = = = 3 3 3 3 3 3 3 = 3 3 = 3 3 3 3 3 3 S 3 3 3 = = = 3 3 = 3 3 3 3 3 = = = = = = = : 

(defun bk.rejolning-al:fix-reJoin ( rejolnlng-nl ) 

( le t*( (trace-reJolned-nl (car (n lonccs rejolnlng-nl) ) ) 
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c c 
(rejoin-cycle (bk.trace-ni:reJoin-cycle trace-rejolned-nl) ) 
(rejolned-al ([] »bk.cycleoi* rejoln-cycle) ) ) 

(:= (aioucca rejolnlng-ai) (list rejolned-ai) ) 
(pueh (al:prede rejolned-al) rejolning-al) 

;»»» Finally, figure out which operations were scheduled too early 
;*** for the rejoin, but really need to be Jumped to. Make sure 
;»** that they are copied before the rejoin, so they get executed 
;»»» too. After the copies are made, we splice ln the DEF and 
;»»* partial schedule of nulti-cycle operations that spanned the 
;»»* Join point that the code generator told us about. Each Join 
;*** edge then looks like: 
;•** 
;*** off-trace—>Join-copies—>use—>partial-schedule—>rejoined-nl 

(loop (incr trace-pos fron (al:trace-pos trace-reJolned-nl) 
to »tr.trace-size») 

(bind below-al ([] «bk. trace-pos ol* trace-pos) ) 
(do 

(lf (ftft (al:first-cycle belov-al) ;*** scheduled? 
(< (al:last-cycle belov-al) rejoln-cycle) ) 

(then 
(:= rejolnlng-nl (bk.copy-into-rejoin rejolnlng-nl 

belov-al 
trace-reJolned-nl 
rejoined-nl 
rejoin-cycle) ) ) ) ) ) 

(bkopllce-useftpartlal-achedule 
rejolnlng-nl 
(schedule:Join »tr.schedule» rejoln-cycle) 
rejolned-nl) 

0 ) ) 

;»»* 
;*•* (BK.COPY-INTO-REJOIN REJOINING-MI MI-TO-COPY TRACE-REJOINED-MI 
;*** REJOINED-MI REJOIN-CYCLE) 
;*** 
;*** This coplea a source MI up into a rejoin, doing the neceasary extra 
;*** copying for conditional Jumps. 
;*** 
;*** REJOINING-MI - The MI Jumping into the trace/echedule. 
;•*• MI-TO-COPY - The MI to copy Into the rejoin. 
;*** TRACE-REJOINED-MI - The original MI ln the trace that was joined to. 
;*** REJOINED-MI - The new MI ln the schedule that ls Joined to. 
;*** REJOIN-CYLE - The cycle ln the schedule of the rejoin. 
;*** 
;*** The MI copied Into the rejoin la returned. 
;*** 
; * * * 3 S 3 S S 3 S 3 3 = 3 S 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 = 3 = 3 3 3 3 3 = 3 3 3 3 3 3 3 3 3 3 3 3 3 3 = 3 3 = 3 = 3 = 3 3 = 3 3 3 3 3 3 3 3 3 

(defun bk.copy-into-rejoin 

( rejolnlng-nl al-to-copy trace-rejoined-ai rejoined-ai rejoln-cycle ) 

( l e t ( (copled-al (bk.aloopy nl-to-copy 'Join) ) ) 

(bk.splice (Hat rejolnlng-ai) copled-al rejoined-ai) 

(+•» *tr. re Join-count*) 
(bk.prlnt-copy-before-message nl-to-copy trace-rejolned-nl) 
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;*** If a condition junp ls copied up into the rejoin, then on 
;*** the "off-trace" edge of the copy, we need to copy ln all 
;*** operations which were originally between the rejoin and the 
;*** conditional on the trace, but haven't been copied up into 
;*** the rejoin. 

(if (nl:cond-Junp? nl-to-copy) (then 
(loop (incr trace-pos fron (ni:trace-pos trace-rejoined-nl) 

to (- (ni:trace-pos ni-to-copy) 1) ) 
(bind below-nl ([] *bk.trace-pos:nl* trace-pos) ) 
(initial pred-ni copled-nl) 
(when (ftft (nl:first-cycle below-nl) ;*»» scheduled? 

('. (< (mi: last-cycle below-nl) rejoln-cycle) ) ) ) 
(do 

(:= pred-al (bk.splice (list pred-ni) 
(bk.nl:copy below-nl 'Join) 
(nioff - trace-succ nl-to-copy) ) ) 

(++ »tr.rejoin-count») 
(bk.prlnt-copy-before-nessage nl-to-copy trace-rejoined-nl))))) 

copled-al) ) 

;***===== = === = = = =========== = = = = === ======== = ====== = =====333 = 3333 = 333333333333: 

;*** 
;*»* (BK.SPLICE-USEftPARTIAL-SCHEDULE USE PARITAL-SCHEDULE) 
;*** 
;»*» Splicea a partial schedule and a use as returned by SCHEDULE:JOIN 
;»*» between an off-trace MI on a Join and the coalesced MI that la Joined 
;»*» to on the newly foraed schedule. Returns the MI in the Join that 
;*** now joins to the schedule (either a USE or else the last cycle of 
;*** the partial schedule). 
;*** 
; * * *==s=ss=======s=sss======================================================: 

(defun bk.spllce-useftpartlal-achedule 
( off-trace-al (uae partial-schedule) coalesced-al ) 

(let ( (Jolnlng-nl off-trace-al) ) 

(if use (then 
(:= Jolnlng-ai 

(bk.splice (list jolnlng-ai) 
(bk.aloew-uae-def use) 
coalesced-al) ) ) ) 

(lf partial-schedule (then 
(:s *tr.partial-rejoin-count* 

(+ ftftft (schedule:length partial-schedule) ) ) 
(loop (incr cycle froa 1 to (schedule:length partial-schedule) ) 
(do 

(:s jolnlng-ai 
(bk.epllce ( l i s t jolnlng-ai) 

(bk.nl:coalesce (schedule:[] partial-schedule 
cycle) ) 

coalesced-mi) ) ) ) ) ) 

Joining-nl) ) 

;*•*: 
;*•• 
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;•** (BK.PRINT-COPY-BEFORE-MESSAGE COPIED-MI REJOIN-MI) 
;*»* 
;»»» Used for debugging. 
;»** 
;***======3S3SSSSSSS3333S=S3SS3==33=3====333======3333= 

(defun bk.prlnt-copy-before-neseage ( copled-ni rejoin-nl ) 
(if »tr.print-copying?» (then 

(asg 0 t t "A new copy of " 
(al:source copled-ni) 
", schedule ln cycles " 
(nl:first-cycle copled-ni) ":" (ai:last-cycle copied-ni) 
", was produced to precede the rejoin at " 
(ni:source rejoin-nl) "." 
t) ) ) 

0 ) 

;*** = = = = ================ =======S3333======= ==333333=3==33333======3====== = 

;»»* 
;**• (BK.TRACE-MI:REJOIN-CYCLE MI) 
;»** 
;»»* Finds the point ln the schedule where we can aake a rejoin that was 
;*** originally to MI (an operation on the trace). That point ls the 
;»** highest point in the schedule below which are only operatlone which 
;»»* were originally below MI ln the trace. 
:»** 

(defun bk.trace-nl:reJoin-cycle ( ni ) 
([] »bk.trace-pos:rajoln-cycle* (al:trace-poa al) ) ) 

;*** 
;*•» (BUILD-TRACE-POS:REJOIN-CYCLE) 
.'*** 
;*** Builds the array »BK.TRACE-POS:REJOIN-CYCLE», amazingly enough. 
;*** T-P:R-C( t ) 3 c iff c ia the earliest legal cycle in the schedule 
;*** at which a join originally at trace position t can be nade; e.g. 
;*** given a join originally at trace position t, we aake the Join at 
;*** cycle c in the achedule. T-P:R-C ls calculated by observing: 
;*** 
;*** Let Tc be the nininun trace position of all the operations scheduled 
;*** at cycle c or later. Joina to trace poaitions after Tc nust be reaade 
;*** at cycle c+l or later. 
;*** 
; * * * 3 3 S 3 = = = = = 3 3 S S 3 3 3 3 3 3 3 3 3 3 3 3 3 = = = = = = = = = = = = = = 3 3 3 3 3 3 3 3 3 3 3 = 3 3 3 3 3 3 = 3 3 3 3 3 3 = 3 3 = 

(defun bk.build-trace-pos:reJoin-cycle () 
(:s *bk.trace-pos:reJoin-cycle* (aakevector (+ 1 *tr.trace-size») ) ) 

(loop (initial new-ain-trace-pos »tr.trace-aize* 
nln-trace-poa *tr.trace-size*) 

(deer cycle froa »tr.schedule-size* to 1) 
(do 

(loop (for elt ln (nl:constituents ([] *bk.cycleol* cycle) ) ) 
(when elt) 

(do 
(:s nev-aln-trace-poa 

(aln nev-ain-trace-poa (al:trace-poa elt) ) ) ) ) 

(loop (incr trace-poa froa (• 1 nev-aln-trace-poa) 
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(do 
to Bin-trace-pos) 

(:= ([] *bk.trace-pos:reJoln-cycle* trace-pos) 
(+ 1 cycle) ) ) ) 

(;s nin-trace-pos new-nin-trace-pos) ) 
(result 

(loop (incr trace-pos fron 1 to nin-trace-pos) (do 
(:= ([] *bk.trace-pos:reJoin-cycle* trace-pos) 1) ) ) ) ) 

;***=====33SSSS3333S3SS33=======33S333SSS===============================333=3== 

;**• 
;*** (BK.PROPAGATE-LIVE-VARIABLES) 
;*** 
;*** This calculates live variables for all the split and join copies 
;*»* that were aade. The live info is propogated up froa the buffering 
;»** split dummies up into the split copies; and fron the USEs at joins 
;»»» up into the Join copies. 
;**» 
J * * * = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = 3 3 3 3 3 3 = 3 3 3 3 3 = 3 3 3 3 3 3 3 3 3 = = = = = = = = = = 3 3 3 = 

(defun bk.propagate-llve-varlables 0 
(let ( (to-do () ) ) 

;**» Set the :COPY-LIVE-OUT of all USE Mia to be the aet of 
;*** of nanes constalned ln the USE. 

(loop (for use-nl ln »bk.use-def-nis») 
(when (ss -use (nloperator use-nl) ) ) 

(do 
(:s (nl:copy-live-out use-ni) 

(for ( (var loc) in (oper:part (nloper use-ni) 'body) ) (save 
var) ) ) ) ) 

;*»* Initialize TO-DO to be all the predecessors of the split 
;*** dunnles and USE Mia that are unconpacted. Those 
;*** unconpacted predecessors are either copies or USE/DEFs. 

(loop (for split-ni in »bk.spllt-dunnles*) (do 
(loop (for pred-ni ln (mi:preds spllt-nl) ) 

(when (! (ni:conpacted? pred-ni) ) ) 
(when (! (neaq to-do pred-ni) ) ) 

(do 
(push to-do pred-ni) ) ) ) ) 

(loop (for use-nl in »bk.use-def-nis») 
(when (ss 'use (al:operator use-ni) ) ) 

(do 
(loop (for pred-al ln (nl:preds use-ni) ) 

(when (! (nl:conpacted? pred-al) ) ) 
(when (! (nenq to-do pred-ni) ) ) 

(do 
(push to-do pred-ni) ) ) ) ) 

;*»* Repeatedly pick an MI froa TO-DO, all of whose successors 
;»*» have known live info. Caclulate the live info of that 
;»»* MI and rénove it froa TO-DO. If the predecessor of MI 
;»*» ls uncoapacted, add it to TO-DO. This loop could probably 
;»*» be aade auch uore efficient lf need be. 
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(loop (while to-do) 
(initial nl () ) 

(do 
(:= nl 

(loop (for possible-nl ln to-do) (do 
(lf (for-every (succ-ni in (nl:succs possible-nl) ) 

(!== *tr.unknown-copy-live-out* 
(ai:copy-live-out succ-ai) ) ) 

(then 
(return poaalble-nl) ) ) ) 

(result () ) ) ) 

*** We better have found an MI and it better be a copy 
*** or USE/DEF and it better have one predecessor. 

(assert (ftft nl 
(ss i (length (nl:preds nl) ) ) 
(il (ni : copy-type ni) 

(nenq (aloperator al) '(use def) ) ) ) ) 

(:s (al:copy-live-out ni) 
(loop (for succ-ai ln (al:succs al) ) 

(reduce unlonq () (ai:live-in succ-ni) ) ) ) 

(;s to-do (top-level-renoveq nl to-do) ) 
(loop (for pred-nl ln (nl:preds al) ) 

(when (! (al:coapacted? pred-ai) ) ) 
(when (! (nenq to-do pred-ni) ) ) 

(do 
(push to-do pred-al) ) ) ) ) 

0 ) ) 

(BK.MISCELLANEOUS-CLEAN-UP) 

Perforas alscellaneous clean ups that aren't deserving of a separate 
pass. 

(defun bk.Blscellaneous-clean-up () 

;**• Dispose of the source Mia on the trace: 

(:= *tr.B* (aet-diffq *tr.s* *tr.trace-ni8*) ) 

;*** Dispose of the dunny Hat: 
* 

(loop (for ni in »bk.dunny-nis») (do 
(bk.unspllce nl) ) ) 

(:= *tr.a* (aet-diffq *tr.s* *bk.dunny-nls*) ) 
(:= *bk.dunny-nls* () ) 

;*** Update the expect value of each new elenent: 

(loop (for nl ln »bk.new-pernanent-als») (do 
(al: find-expect al) } ) 

(:= »bk.new-peraanent-BlB* () ) 

;**• Rénove any new USEs that have no unconpacted predecessors. 
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r 
;**» and any DEFs that have no unconpacted successors. They are 
;*»» useless. 

(loop (for U8e-def-ni ln »bk.use-def-Bia») (do 
( i f (for-every (B1 in ( i f (33 'use (ni operator use-def-nl) ) 

(ni:preds use-def-ni) 
(mi:succs use-def-ni) ) ) 

(ni:conpacted? ni) ) 
(then 

(— »bk.use-def-count») 
(bk.unspllce use-def-nl) 
(:s »tr.s* (top-level-reaoveq use-def-nl »tr.s») ) ) ) ) ) 

(:= »bk.use-def-als* () ) 

;*** Clear out the constituents field, which contains only old 
;*** Mis which we won't want to use again, so we can gc ea. 

(loop (incr cycle fron 1 to »tr.schedule-size») (do 
(:= (al:constituents ([] »bk.cycleol» cycle) ) ( ) ) ) ) 

;»** Clear out the aucceasors and predecessors of the trace eleaents 
;»»* Just in case. 

(loop (for ai in »tr.trace-nia») (do 
(:= (ni:preda nl) () ) 
(:= (niouccs nl) () ) 
(:= (ni:trace-succ nl) () ) 
(:= (ni:trace-pred al) 0 ) ) ) 

;»»* If requested, add (TRACE 1) to each conpacted instruction. 

(lf »tr.generate-trace-lnfo?» (then 
(loop (incr cycle fron 1 to »tr.schedule-size») (do 

(push (ni:source ([] »bk.cycleol* cycle) ) 
'(trace ,*tr.trace-number») ) ) ) ) ) 

;»»* Now we know how nany new elenents we've generated, so we 
;*»* update »tr.ops-left*. Don't need the rejoin list anymore, 
;*** either: 

(:= »tr.ops-left» (+ ftftft 
(+ »tr.rejoin-count» 
(+ »tr.split-count* 

»bk.use-def-count») ) ) ) 
(:s »tr.reJoin-total* (+ ftftft »tr.rejoln-count») ) 
(:= *tr.split-total* (+ ftftft *tr.split-count*) ) 
(:= «tr.partlal-rejoln-total* (+ ftftft »tr.partial-rejoln-count») ) 
(:= »tr.partlal-spllt-total» (+ ftftft »tr.partial-split-count») ) 

(;s »bk.rejoln-dunalea» () ) 
(:= »bk.split-dunnles* () ) 
0 ) 

* 
* (BK.MI:COALESCE CYCLE-LIST) 
* 
* Makes a new conpacted MI representing the nachlne operations of a 
* cycle in the achedule. CYCLE-LIST repreaenta a cycle ln the achedule, 
» and is is a list of pairs of the forn: 
* 
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ç ç 
;*** 
;»»* 
;*** 
;»** 
:»»» 
;*»* 
;»»» 
;**» 
;»** 
;*** 
;•**= 

(MACHINE-OPERATION SOURCE-MI) 

where SOURCE-MI represents the source operation that caused 
MACHINE-OPERATION to be generated (SOURCE-MI nay be () ). The new 
MI is narked as conpacted, its :SOURCE is set to be the list of 
aachine operations ln the cycle, its : CONSTITUENTS the SOURCE-MIs, 
and its : TRACE-DIRECTION to be a list of LEFT/RIGHT indicating which 
way the trace goes for that aachine operation (significant only for 
juaps). 

(defun bk.ai:coalesce ( cycle-list ) 
(let ( (new-ai (aioew 

nuaber 
trace 
coapacted? 

(push »tr.a* 

(++ »tr.ni-nunber») 
»tr.trace-nunber* 
t) ) ) 
new-ai) 

) ) 

(push »bk.new-peraanent-Bls* new-ai) 

(loop (for (oper Bourca-nl) ln cycle-list) 
(initial current-prob 1.0) 

(do 
(push (ni:80urce new-nl) oper ) 
(push (nl:constituents new-nl) source-nl) 

(if (ftft source-nl 
(al:cond-juap? source-nl) ) 

(then 
(puah (nl:trace-direction new-ni) 

(nlon-trace-dlrect lon source-al) ) 
(:= current-prob 

(• current-prob 
(nr.edge-prob source-nl 

(nioff - trace-succ source-al) ) 
(push (ai:edge-prob new-ai) current-prob) ) ) ) 

(result 
(push (ni:edge-prob new-nl) 

(- i.O 
(loop (for prob in (al:edge-prob new-ni) ) 

(initial sun 0.0) 
(next sun (+ sua prob) ) 

(reault sun) ) ) ) 
(:= (al:edge-prob new-ai) 

(dreverse (ai:edge-prob new-ai) ) ) 
(:= (ni:source new-ai) 

(dreverae (al:eource new-nl) ) ) 
(:= (al:constituents new-mi) 

(dreverse (al:constituents new-nl) ) ) 
(:= (al:trace-direction new-nl) 

(dreverse (ai:trace-direction new-ni) ) ) ) ) 

new-ni) ) 

»»==============3======================================================== 

»» 
*• (BK.MI:COPY OLD-MI COPY-TYPE) 
** 
** Makea a copy of an MI aultable for splicing aonewhere elae; none 
** of the aucceaaor or predeceaaor fields are set. The copy la recorded 
•* on »TR.S» and »bk.new-peraanent-Bls«. COPY-TYPE should be either 
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;**• 
;»*• 

(defl 
( 

;***: 
;*•• 
;*»» 
:*»» 
;**» 
;»*» 
;»»* 
;**»: 

(deft 

;•**: 
;*** 
;*** 
;*** 
;*** 
;*** 
;***: 

(def 

SPLIT or JOIN. 

in bk.al:copy ( old-Bi copy-type 
let ( (new-nl (ni:new 

nunber 
constituents 
source 
copy-type 
trace 
conpacted? 
edge-prob 

(push »tr.s» 
(push »bk.new-pernanent-nls» 
new-ni) ) 

(BK.MI:NEW-DUMMY) 

) 

(++ »tr.ni-nunber») 
(list old-
(nl: source 
copy-type 
»tr.trace-
0 

nl) 
old-nl) 

nunber* 

(nl:edge-prob old-ni) ) ) ) 

new-nl) 
new-al) 

Makes a new dunny MI which ls narked as conpacted. The dunny le 
recorded on »TR.S* and »BK.DUMMY-MIS*. 

in bk.mi : new-dummy () 
ilet ( (new-nl (nloew 

nunber 
constituents 
trace 
coapacted? 

(push *tr.8* new-ni) 
(push *bk.duany-nla* new-nl) 
new-al) ) 

(BK.MI :NEW-USE-DEF USE-OR-DEF) 

Makes a new MI for a use or def 

(++ »tr.al 
0 
»tr.trace-
t) ) ) 

m bk.aioew-use-def ( use-or-def ) 
[let ( (new-nl (aioew 

nuaber 
source 
conpacted? 
trace 
edge-prob 

(:= »bk.use-def-count» (+ 1 
(push »tr.s* 
(push »bk.new-pernanent-nls» 
(push »bk.use-def-nis* 
new-al) ) 

(+• »tr.al 
(list uae-
0 
»tr.trace-
•(1.0) ) ) 

»bk.uae-def 
new-ai) 
new-nl) 
new-nl) 

-nunber*) 

nuaber* 

-nuaber») 
or-def) 

nuaber* 
) 

-count*) ) 
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***=33S3=S=======33S3S===33===========33333333S=======33===========33== 

*** 
»*» (BK.MI:COND-JUMP-CONSTITUENTS MI MI-CYCLE) 
»»» 
»»» Returns those source MI constituents of a a coalesced MI that are 
»»» conditional Junpa. For these purposes, a multi-cycle cond-junp is 
»** considered a constituent of only its laat cycle. 
»»» 
•**========3333=333==3333333333333==333333333333333333333333333333=333= 

(defun bk.ni:cond-Junp-constltuents ( nl ni-cycle ) 
(loop (for source-nl ln (nl:constituents ni) ) 

(Initial result () ) 
(do 

(lf (ftft source-nl 
(nl:cond-Juap? source-al) 
(ss nl-cycle (ni:last-cycle source-nl) ) ) 

(then 
(push result source-nl) ) ) ) 

(result 
(dreverse result) ) ) ) 

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

*** 
*** (BK.SPLICE PREDS TARGET SUCC) 
»»» 
*»* Takes a list of arga (PREDS), an MI (TARGET), and another 
*** MI, the SUCC. It la assuned that each pred ls ln preds of succ. 
*** SPLICE replaces succ with the target on the succs of each pred. 
*** If succ ls not a aucceaaor of sone pred, then no change occurs for 
*** that pred. The preda of succ le changed so that all of the 
*** eleaenta of of pred are renoved. and the target la inserted (I know, 
*** thia ls a dunb connent. Just repeating the code...). 
**• 
*** If TARGET la unconpacted, SPLICE assumes that we have a copy of a 
*** new MI which has Just been built froa a list of trace elements. That 
*** ls, It expects the eleaents of the list (MICONSTITUENTS TARGET) 
*** to have trace successors and preda. If one of the eleaents of the 
*** list ls a cond. Juup, the off trace flowsus are are preserved ln 
*** the copy. 
**• 
*** If TARGET ls coapacted, then we aake SUCC be the auccessor of TARGET, 
*** always. 
**• 
*** The effect of all this, and the corresponding changes to the 
*** predsftsu of target, la to insert target ln the flov betveen all 
*** the preda and the succ. preda are a list while aucc only one elt 
*** because It happened to be aore convenient to uae it that way. 
*** 
* * * 3 3 = = = = = = = = = = = = = 3 = 3 S S S = 3 3 = = = = = = = = = = = = = = = = = = = = = = = = = = 3 3 = 3 3 3 = 3 = = = = 3 = 3 _ 

(defun bk.splice (preds target succ) 

(assert (subset? preds (nl:preds succ) ) ) 
(assert (not (neaq target (al:preds succ) ) ) ) 

;*** First have target replace aucc aa the successor of each 
;»*• eleaent of pred. Then aake pred the predecessor list of 

17 
PS :<C.S.BULLDOG.TRACE>BOOKKEEPER.LSP.1 

;*** target. 

(for (pred ln preds) (do 
(:= (nlouccs pred) 

(top-level-substq target succ (ai:succs pred) ) ) ) ) 

(:= (nl:preds target) preds) 

*** Rénove all the preds fron the predecessor list of succ, and 
»** replace then with target. 

(:= (ml:preds succ) (set-dlffq (nl:preds succ) preds) ) 
(push (al:preds succ) target) 

;»»» Finally, aake succ the successor of target. If target ls 
;»»» to represent an unconpacted conditional Junp, it should still 
;*»» junp to all the off-trace elenents, and we need to update 
;*** their preds 's. We assuae that we're only splicing 2-way 
;»»* Junps. 

(lf (ftft (i (nl:conpacted? target) ) 
(nl:constituents target) ) 

(then 
(assert (<= (length (nl:constituents target) ) 1) ) 
(let ( (junp-elt (car (nl:constituents target) ) ) ) 

(:= (nlouccs target) 
(top-level-substq succ 

(ai:trace-8ucc junp-elt) 
(ai:succs Junp-elt) ) ) 

(for (target-succ ln 
(top-level-renoveq succ (nlouccs target) ) ) 

(do 
(push (ni:preds target-succ) target) ) ) ) ) 

(else 
(:= (n louccs target) (Hat aucc) ) ) ) 

target) 

*** 
*** (BK.UNSPLICE TARGET) 
*** 
»*» Undoes the effects of a splice of the elenent. We don't need 
»»» to give the preds and succ, since they can be deternlned fron the target 
»** alone. When tha succe of the target le nore than one elenent, there 
»*» le an error; for soae reason, I feel it necessary to teat for thia one, 
»** and report on it. 
*»* 
***======== === ==== ======================3333333=333S33SS==3=3===3=========33= 

(defun bk.unspllce ( target ) 
(assert (! (cdr (nlouccs target) ) ) ) 

(let ( (preds (ni:preda target) ) 
(succ (car (nlouccs target) ) ) ) 

(for (pred ln preda) (do 
(:= (nlouccs pred) 

(top-level-aubstq succ target (al:succa pred) ) ) ) ) 



r i 

(:= (ni:preds succ) 
(unlonq preds (top-level-renoveq target (nl:preds succ) ) ) ) 

(-.s (ni:succs target) () ) 
(:= (ni:preds target) () ) 
O ) ) 
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r 
-** (build »tr.bulld-nodule-ll8t») 
'*» (build.conplle »tr.bulld-nodule-Hst») 

(:= »tr.bulld-nodule-Hst* '( 
trace:ni 

trace:naddr-rec 
trace :nis-to-pnaddr 

trace:trace-plcker 
trace : bookkeeper 
trace:dlaplay 
trace:conpact 
trace : compact-options 
) ) 

(:s »build-nodule-list* (append »bulld-nodule-llst* »tr.bulld-nodule-Hst*) ) 
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r c 
(eval-when (conplle load) 

(include trace declarations) ) 

Initialization of all the trace nodules. This 18 all gross organization, 
but it will have to do until the bookkeeper ls rewritten. 

(defun tr.Initialize () 
(tr.lnltlallze-bookkeep) 
(tr.lnitlalize-trace-picker) 
(lnltialize-code-generator) 

»tr.s» 0 ) 
= »tr.ni-nunber* 0) 
= »tr.rejoln-total* 0) 
= »tr.rejoln-count* 0) 
= »tropllt-total* 0) 
s *tr.split-count» 0) 
s »tr.partial-rejoln-total* 0) 

s »tr.partial-rejoln-count* 0) 

= »tr.partlal-spllt-total* 0) 

s »tr.partlal-spllt-count* 0) 

= »tr.total-cycleB* 
s »tr.schedule» () ) 

0) 

Initialize the bookkeeper. 
Initialize the trace picker. 
Initialize the code generator. 

All known Mis. 

Counts the new ni's. 
How nany rejoin Mis total 
How nany rejoin Mis this trace 
How nany split Mis total 
How nany split Mis this trace 
How nany partial-schedule rejoin Mis 

total 
How nany partial-schedule rejoin Mis 

this trace 
How nany partial-schedule split Mis 

total 
How nany partial-schedule split Mis 

this trace 
How nany cycles ln final sched 
Clear out any old schedule. 
Initialize the hook functions 

(lf »tr.generate-code-hook» 
(funcall »tr.generate-code-hook» 0 ) ) 

(lf »tr.dag-hook* 
(funcall »tr.dag-hook* () ) ) 

0 ) 

(defun conpact ( naddr ) 

(let ( (»tr.space-node» »tr.space-node») 
(*tr.window* «tr.window») ) 

; Dynanlcally bind these vars 
; in case we change then during 
; conpactlon below — dynaalc 
; binding will restore their values. 

;; Initialization (done once per aettlng of »tr.s»): 

(tr.initialize) 
(aet-conpactor-flags) ;;; Sets flags for space-saving, 

;;; display methodology, etc. 

(tr.get-*tr.s* naddr) ;;; Builda the global Hat »tr.a» 

(:s »tr.start-length» (length »tr.s»));;; Saved for final print-out 

(:= »tr.ops-left* 
(loop (for elt ln *tr.s*) 

: ; : For running total of ops 
:;; still needing compaction. 
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(initial ops 0) 

(do 
(lf (! (ai:coapacted? elt) ) 

(++ ops) ) ) 
(result ops) ) ) 

;;; Scheduling loop: 

;;; supporting inforaation. 
(loop (Incr *tr.trace-nunber* froa 1) 
(do 

(if (ftft *tr.delayed-space-aode* 
(s »tr.trace-nunber» »tr.delayed-space-node-trace») ) 

(then 
(nsg O t t "Now using delayed space node//wlndow " 

*tr.delayed-8pace-node* "//" »tr.delayed-wlndow* t) 
(:= »tr.space-node* *tr.delayed-space-node*) 
(:= »tr.window* »tr.delayed-wlndow») ) ) 

(tr.pick-trace) ) ;;; Build the next trace. 

(while *tr.trace-mis») ;;; While there are unconpacted 
;;; ops left. 

(do 
(tr.display-trace-info »tr.trace-nuaber») 

(lf (lf (consp »tr.break-before-scheduling») 
(member »tr.trace-number* »tr.break-before-scheduling») 
»tr.break-before-scheduling») 

(then 
(break-point before-scheduling) ) ) 

(con.schedule) ;;; Schedule the trace, 
(tr.display-one-schedule) 

(tr.bookkeep) ;;; Add new ops wherever 
;;; necessary. 

(lf (lf (conap »tr.break-after-bookkeeplng«) 
(aeaber »tr.trace-nuaber* »tr.break-after-bookkeeping*) 
*tr.break-after-bookkeeplng») 

(then 
(break-point after-bookkeeping) ) ) 

(result 
(tr.display-whole-sched-info »tr.trace-nuBber») ) ) 

•tr.s*) ) 

(defun set-conpactor-flags () 

(assert (aeaber *tr.display-level* ' ( 0 1 2 8 4 6 ) ) ) 
(assert (nenq »tr.space-node* '(nil art nsc cjo) ) ) 
(assert (neaq »tr.delayed-apace-node* '(nil nrt nsc cjo) ) ) 
(assert (aeaber *tr.trace-picker* '(nornal bb liberal) ) ) 
0 ) 

(defun COB.schedule () 
(let*( (firat-nl (car *tr.trace-nla») ) 

(live-before (ni:live-in first-nl) ) 
(last-nl (last-elt *tr.trace-nis*) ) 
(live-after 
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(nl:llve-out-on-edge laat-nl (nl:on-trace-directlon la s t -n l ) ) ) 
(trace 

(for (nl in »tr.trace-nia») (save 
' ( . ( car (ml:source ni) ) 

. (a ion-trace-dlrect ion al) 

.Bi 

.(if (nl:cond-junp? ml) 
(ni:live-out-on-edge nl (nioff-trace-dlrectlon nl)) 
())))))) 

(tr.display-generate-code-argunenta live-before trace live-after) 
(:= »tr.schedule* (generate-code live-before trace live-after) ) 

(:s *tr.schedule-8lze* (schedule:length *tr.schedule*) ) 
(:= *tr.total-cycles* (+ *tr.total-cycles* *tr.schedule-size*) ) 

0 ) ) 

3 
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; COMPACT OPTIONS 

; This nodule contains the definitions of options dealing with the trace 
; conpactor. 

(eval-when (conplle) 
(build '(utilitiesoptions) ) ) 

(def-optlon *tr.display-level* 4 trace: " 
Controls how auch ls printed out during conpactlon. 

0 - absolutely nothing. 
1 - only final stats. 
2 - like 1, but dumps a hlstogran of unconpacted Mis left during 

scheduling. What fun. 
3 - trace info for each trace, no schedule. 
4 - trace info • schedule for each trace. 
5 - All of 4, plus the eleaents of each trace. 

") 

(def-option »tr.space-node* () trace: " 
Controls the way that space saving ls done. 

() no apace saving. 
'MRT nininun release tlaes. Won't let junpa get scheduled until the 

source order proceeding ops could have been scheduled, had there 
been no resource conflicts. 

'NSC no splice copies. Refuses to schedule Junps until all the source 
order proceeding ops HAVE been scheduled. Thus no splice copies 
could ever be generated. 

'CJO preserve the source order of conditional junps by not allowing 
a conditional to aove above a previous conditional. 

(def-optlon »tr.window» () trace: " 
When »TR.SPACE-MODE* = 'MRT ls used, *TR.WINDOW* ls subtracted froa the 
calculated release tlae. Yes. Virginia, you can set »TR.WINDOW* to -100 
and get a lot of eapty cycles. 

(def-optlon »tr.delayed-apaca-aode* 0 trace: " 
If »TR.DELAYED-SPACE-MODE* la non-(), then starting with trace 
»TR.DELAYED-SPACE-MODE-TRACE», the »TR.DELAYED-SPACE-MODE* and 
•TR.DELAYED-WINDOW* replace *TR.SPACE-MODE* and *TR.WINDOW*. 

(def-option «tr.delayed-wlndow* () trace: " 
See *TR.DELAYED-SPACE-MODE*. 
") 

(def-optlon *tr.delayed-space-node-trace* 2 trace: * 
See »TR.DELAYED-SPACE-MODE». 
") 

1 
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(def-option »tr.trace-picker* "normal trace: " 
Controls the way that traces are picked. 

'NORMAL conservatively goes past splits and Joins. 
*BB basic block compaction only. 
'LIBERAL goes past splits and Joins whenever it can. 

Ignoring edge-probability and just using expect. 

(def-option *tr.generate-trace-info?» () trace: " 
Dumps certain trace-information Into the output parallel NADDR. 

() do nothing. 
T put (TRACE 1) in each conpacted instruction. 

(def-option *tr.generate-code-hook* () trace: " 
Undocuaented, sorry. 
") 

(def-optlon »tr.dag-hook» 0 trace: " 
Undocuaented, sorry. 
") 

(def-optlon »tr.break-before-scheduling* () trace: " 
If T then the conpactor will stop at a breakpoint right before the current 
trace ls scheduled (given to the codegenerator). If It ls a list of trace 
nunbers, then the conpactor will stop only on those traces. 
") 

(def-optlon *tr.break-after-bookkeeplng* () trace: " 
If T then the conpactor will stop at a breakpoint right after the current 
trace has been conpacted and Bunged by the bookkeeper (i.e. right before 
picking the next trace. If it le a list of trace nuabers. then the 
conpactor will atop only on those traces. 
") 

(def-option »tr.print-copying?» () trace: " 
If T then the bookkeeper will print out infornation about all Join and 
aplit coplea aa they are aade. 
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Conpiler Declarations. 

Any nodule that needs these declarations nust do: 

(INCLUDE TRACE DECLARATIONS) 

(eval-when (conplle) 
(build '( 

uti l i t ies : sharp-sharp 
trace o l 
Interpreter :naddr 
) ) ) 

(declare (special 
»tr.break-before-scheduling* 
»tr.break-after-bookkeeplng* 
»tr.dag-hook* 
*tr.delayed-space-aode* 
•tr.delayed-wlndow* 
*tr.delayed-space-node-trace* 
»tr.display-level» 
»tr.generate-code-hook* 
*tr.generate-trace-lnfo?» 
»tr.ni-nunber* 
»tr.ops-left* 
*tr.parti al-reJ oin-count* 
*tr.partial-reJ oin-total* 
*tr.parti al-split-count* 
*tr.partlal-spllt-total« 
»tr.print-copying?» 
»tr.reJ oin-count* 
•tr.rejoln-total* 
»tr.schedule-size* 
»tr.schedule* 
»tr.space-node* 
*tr.split-count* 
»tr.split-total* 
•tr.start-length* 
»tr.s* 
*tr.total-cycles* 
*tr.trace-nunber* 
»tr.trace-picker* 
*tr.trace-Bis* 
*tr.trace-eize* 
*tr.unknown-copy-11ve-out* 
•tr.window* 
) ) 

1 
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(eval-when (conplle load) 
(Include trace declarations) ) 

(defun tr.dleplay-trace-lnfo ( traceno ) 

(caseq »tr.display-level* 

(2 
(lf (= traceno 1) (then 

(nag 0 t "Histogram of total Mia left (» = 10 Mia):*) ) ) 

(nsg 0) 
(loop (Incr 1 fron 1 to »tr.ops-left* by 10) (do 

(prlnl • • ) ) ) ) 

((3 4 6) 
(nsg 0 t "Trace No.: " traceno " Trace alze: " »tr.trace-size* 

" Offtrace OPB left: " »tr.ops-left» t) 
(nsg "Trace elenents: " (h (ni-llst:nunbers »tr.trace-nls») 

10000 10000) ) 
(csg 0 "ReJoin//split copies fron last trace: * 

»tr.rejoln-count* "//" »tr.split-count» t) 
(nsg 0 "Partial-reJoin//split copies froa last trace: " 

•tr.partial-rejoln-count* "//" »tr.partial-split-count» t) ) ) 

(defun tr.display-generate-code-arguBents 
( live-before source-record-Hst l ive-after ) 

(lf (s= 6 »tr.display-level») (then 
(asg 0 t "Arguments passed GENERATE-CODE:" t 

"LIVE-BEFORE s « (h live-before 100 100) t 
"LIVE-AFTER s « (h live-after 100 100) t) 

(loop (for (oper direction ml off-live) ln source-record-llst) 
(incr 1 froa 1) 

(do 
(aeg (J i 3) •//" (j (alouBber ai) 4) ": • 

(h oper 100 100) (t 86) • " 
(j direction -7) " " 
(j (Bi:trace B1) 8) " " 
(h off-live 100 100) t) ) ) 

(nag t) ) ) ) 

(defun tr.display-one-schedule () 

(caseq *tr.display-level* 
( (4 6) 

(asg 0 "Schedule:* t) 

(loop (Incr cycleno froa 1 to *tr.schedule-size*) (do 
(aag 0 t (J cycleno 3 t/-) "—") 

(for ( (oper source-ni) ln (achedule:[] »tr.schedule« cycleno) ) 
(do 

(lf (> (flatsize oper) (chrct) ) (then 
(asg 0 " ") ) ) 

1 
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(nsg oper) ) ) 

(nsg t) ) ) ) ) 
0 ) 

(defun tr.display-whole-sched-lnfo ( traceno ) 

(caseq »tr.display-level* 
( ( 1 2 3 4 6 ) 

(nsg O t t 
"FINAL SCHEDULING TOTALS: " (c (daytlae) ) t 
"Length of original sequence:" (t 36) *tr.start-length* t 
"Total rejoin copie8:B (t 36) »tr.rejoin-total* t 
"Total split copies:" (t 36) *tr.split-total* t 
"Total partial-rejoin copies:" (t 86) *tr.partial-rejoln-total* t 
"Total partial-split copies:" (t 36) »tr.partial-Bplit-total* t 
"Total traces:" (t 85) (•» -1 traceno) t 
"Total cyclee echeduled:" (t 36) »tr.total-cyclee* t))) 

0 ) 
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MI 

An MI (nlcro-lnstructlon) represents either an unconpacted source operation 
or else a conpacted instruction. Taken as a group the Mis forn the 
flow graph used by the trace scheduler. 

(def-struct nl 

The following fields are filled ln when a record is nade fron a source 
instruction and handed to the conpactor ln the first place, and when 
a new record is nade froa old ones. 

nuaber 

source 

expect 

(succs 
0 suppressed); 

(preds 
0 suprress); 

edge-prob 

conpacted? 

A unique nunber used for naming this MI. 

The list of the single source NADDR operation this 
represents (lf unconpacted) or the list of nachlne 
operations ln the Instruction (if conpacted). 

The relative probability of the Mi's execution. 

A list of the Mia to which control could next 
flow fron thia one. SU is for successor. 

A list of the Mis froa which control could have flowed 
to this one. PR is for predecessor. 

An assoc list. Having (o4 .6) on n2's list neans 
that a4 IS a successor with probability .6 of being 
Jumped to next after the execution of u4. All of 
the proba on the Hat should total 1, though that's 
not necessary for the code to work correctly. 
Functlona edge-prob and edge-prob:set aanipulate 
the list. 

True lf the MI represents a conpacted aachine 
instruction or lf the trace-scheduler no longer 
wants to consider this record for scheduling. False 
lf if this represents an uncoapacted eource 
operation. 

The following depend upon the choice of a trace and are filled ln after 
an operation has been placed on a trace: 

(trace-succ ; The next elenent on the current trace. 
0 suppressed) 

(trace-pred ; The previous eleaent on the current trace. 
0 suppressed) 

trace-pos 

first-cycle 

Which eleaent (1-based) of the current trace this ls. 

First and last cyclee of the generated aachine 
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last-cycle 

trace-direction 

r 
aachine operatlone corresponding to this source 
operation. 

Used in an MI built fron several Mis coapacted 
together. Used when n > 0 cond-junps are conpacted 
to forn part of the MI. A list containing n 
eleaents, each LEFT or RIGHT and each corresponding 
to the succs ln the sane position in the list 
succs (which is itself, however, of length n+i). 
Also corresponds to the cond-junps ln the MI:SOURCE 
field, which is expected to have Its cond-junps 
in source order. A LEFT in the field Indicates 
that the Junp ls to the next trace elenent if true, 
off-trace lf false. RIGHT ls the reverse. 

The following fielda are used during bookkeeping: 

(constituents 

() suprress) ; 

copy-type 

As a new MI ls being foraed out of a list of ops 
which were scheduled ln the sane cycle, this field 
buffers the list of those ops. 

For unconpacted Mis only, one of: 
() - lf this MI ls an original source Instructions. 
JOIN - lf this MI is a rejoin copy. 
SPLIT - lf this MI ls a split copy. 

(copy-live-out 
•tr.unknown-copy-llve-out») 

For uncoapacted rejoin or split copy Mis only; this 
contains the variables live on exit froa the MI. 
For original source Mis, we get the live info froa 
the flow analysis. 

trace This field ls used for picture drawing and debugging 
only. It is the nuaber of the trace that produced 
this MI. If the MI ls coapacted, then It ls the 
nuaber of the trace that coapacted It; lf 
uncoapacted, it la the trace nade it or () for 
original source Mia. 

The following ls used during the translation of Mia to NADDR. 

translated-to-source 
) ; Contains the actual pnaddr produced froa the MI. 

(MI:OPERATOR MI) 
For unconpacted Mis, the NADDR operator. 0 for coapacted Mis. 

(MI:OPER MI) 
For unconpacted Mis, the NADDR operation. 0 for coapacted Mia. 

(MI:COND-JUMP? MI) 
True lf MI represents a conditional Junp (haa nore than one successor). 
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(MI:REJOIN? MI) 

True If MI is Jumped to by other Mis (has nore than one predecessor). 

(MI-LIST:NUMBERS MI-LIST) 
Takes a list of Mis and returns a corresponding H a t of their nunbera. 

#»MI 36 
Returns the MI nuabered 36. 

(MI:LIVE-OUT MI) 
Returna the list of naaes live on exit froa MI. 

(MI:LIVE-IN MI) 
Returns the list of naaes live on entrance to MI. 

(MI:LIVE-OUT-ON-EDGE MI DIRECTION) 
Returns the list of variables live on entrance to one of MI'a 
successors. DIRECTION is LEFT or RIGHT or 0 . selecting either 
the left or right successor of MI or neither successor. 

(MI:ON-TRACE-DIRECTION MI) 
(MI:OFF-TRACE-DIRECTION MI) 

These functions return which way (LEFT or RIGHT) the on-trace and 
off-trace edges of an MI go (LEFT always for a non-condltlonal-juap). 
If MI has no on-trace successor narked yet, the trace is assuned 
to go to the left. 

(MI:OFF-TRACE-SUCC MI) 
The off-trace successor of MI. Valid only during bookkeeping. 

(MI:OFF-TRACE-PREDS MI) 
The list of off-trace predecessors of MI. Valid only during 
bookkeeping. 

(eval-when (conplle) 
(build '( 

utilities : sharp-sharp 
Interpreter:naddr) ) ) 

(defvar *tr.unknown-copy-llve-out* (cons **tr.unknown-copy-live-out*) ) 

;*** Special narker showing that we don't know the value of 
;*** MI:COPY-LIVE-OUT field. 

(defun nl operator ( nl ) 
(asaert (ni:le ai) ) 
(lf (al:coapacted? al) 

0 
(operoperator (car (mi:source al) ) ) ) ) 

(defun n l o p e r ( ai ) 
(assert (n l : l s al) ) 
( l f (al:conpacted? al) 

0 
(car (nl:source al) ) ) ) 

(defun al:cond-Juap? ( al ) 
(assert (nl:ls al) ) 
(> (length (al:succs al) ) 1) ) 

3 
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(defun Bl:reJoin? ( al ) 

(asaert (al:la nl) ) 
(> (length (nl:preda ni) ) 1) ) 

(defun ni-llst:nunbers ( ni-llat ) 
(for (ni in nl-llst) (save 

(assert (nl:ls nl) ) 
(nl:nunber nl) ) ) ) 

(def-8harp-sharp ai 
'(nl-with-nunber ,(read) ) ) 

(declare (special »tr.s») ) 
(defun nl-with-nunber (nunber) 

(loop (for elt ln *tr.a*) (do 
(lf (= (nl:nuaber elt) nuaber) (then 

(return elt) ) ) ) 
(result nil) ) ) 

(defun nl:live-out ( nl ) 
(assert (ftft (nl:ls ni) 

(! (ni:coapacted? al) ) ) ) 
(lf (s= »tr.unknown-copy-llve-out* (ai:copy-llve-out al) ) 

(oper:live-out (car (ni:source nl) ) ) 
(ni:copy-llve-out nl) ) ) 

(defun nl:llve-ln ( nl ) 
(assert (ftft (ml:is al) 

(II (! (ai:conpacted? al) ) 
(! (ai:source al) ) ) ) ) 

;*** MI ls either uncoapacted or else it ls a duaay MI. 

(lf (== *tr.unknown-copy-live-out* (al:copy-llve-out al) ) (then 
(oper:live-in (car (nl:source ai) ) ) ) 

(else 
(unionq 

(top-level-reaoveq (oper:part (car (ni:source ai) ) 'written) 
(ai:copy-llve-out al) ) 

(loop (for-each-oper-operand-read (car (nl:source al) ) nane) 
(save naae) ) ) ) ) ) 

(defun al:llve-out-on-edge ( al direction ) 
(aasert (ftft (al:la nl) 

(! (ai:coapacted? ni) ) 
(nenq direction '(left right) ) ) ) 

(? ( (ss *tr.unknown-copy-Hve-out* (al : copy-llve-out ai) ) 
(oper:llve-out-on-edge (car (aloource nl) ) direction) ) 

( (! (al:cond-Juap? al) ) 
(al:copy-llve-out a l ) ) 

( t 
(intersectlonq 
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(ni:copy-live-out ni) 
(ni:live-ln 

(caseq direction 
( l e f t (car (nlouccs al) ) ) 
(right (cadr (n louccs ni) ) ) ) ) ) ) ) ) 

(defun Blon-trace-direct lon ( ai ) 
(assert (n l : i s ni) ) 
( l f (Il (! (nl:trace-succ ni) ) 

(== (car (n louccs al) ) (ai:trace-succ al) ) ) 
• le f t 
•right) ) 

(defun Bl:off-trace-direction ( al ) 
(assert (ni :1s al) ) 
(assert (33 2 (length (mi:succs nl) ) ) ) 

( l f (Il (! (al:trace-aucc Bl) ) 
(== (car (a loucce al) ) (al:trace-succ al) ) ) 

•right 
• left) ) 

(defun Biof f - trace-succ ( ai ) 
(assert (n i : l s ai) ) 
( l f (== (nl:trace-succ ni) (car (ml:succs nl) ) ) 

(cadr (n louccs al) ) 
(car (n louccs mi) ) ) ) 

(defun a lof f - trace-preds ( ni ) 
(assert (n l : l s al) ) 
(top-level-reaoveq (ml:trace-pred al) (al:preds al) ) ) 

5 
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This nodule convert conpacted Bicroinstructions into parallel naddr code. 

To convert a list of al's (such aa returned by the compacter) into 
parallel naddr (PNADDR): 

(nls->pnaddr ml-llst) 

The conversion ls very simple nlnded— preorder traversal of the 
flow graph, starting at the one node that has the (START) source. 
Each node ls visited only once (using the MI:TRANSLATED-TO-SOURCE 
flag to renenber visits). 

It ls assuned that there are one or two flow successor for each MI. 
Conditional boolean Junps (TRUEGO, FALSEGO) are converted into the 
parallel naddr fora with two explicit labela, like the lf-then-else 
naddr operations. 

(eval-when (coaplle load) 
(Include trace:declarations) ) 

(declare (special 
*als-to-do* ;*** stack of al's possibly not yet processed 

;»** 
;*** Translate the Hat of al's, MI-LIST, into a a parallel naddr prograa. 
;•*» 
(defun ala->pnaddr ( nl-llst ) 

(assert (llstp nl-llst) ) 
(:s »Bis-to-do» () ) 

(let ( (pnaddr-streaa () ) 
(pnaddr () ) ) 

»»» clear the "translated" flag of every nl, and lf It haa 
»** no predecessors, push it on our to-do stack. 

(for'(nl in Bl-llst) 
(do (:= (nioranslated-to-source nl) 0 ) 

(lf (ss 'def-block (caar (nl:source ni) ) ) 
(push »Bis-to-do» ai) ) ) ) 

*** while there are untranslated nl'a, do 
*** convert each one to pnaddr 

(loop 
(initial al () ) 
(while *aia-to-do*) 
(do (pop »Bla-to-do* ai) 

(if (! (BlOranalated-to-aource al) ) (then 
(lf (:= pnaddr (ml:pnaddr nl) ) 

(puah pnaddr-streaa pnaddr) ) ) ) ) ) 

(dreverse pnaddr-streaa) ) ) 

1 
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*»» 
»** Translate the single Bl MI into a parallel naddr statement. Aa a 
*** aide effect, push on »MIS-TO-DO* the successors of this Bl. Only 
*** the labels of source naddr statenents are changed (for Junps). 
*** The new instruction ls also placed in the translated-to-source 
*** field of the nl. 
(defun nl:pnaddr ( nl ) 

(assert (ml :1s nl) ) 

(:= (ai:translated-to-source al) t) 

(let ( (popers () ) 
(cond-oper 0 ) 
(trace-dlr (nl:trace-direction al) ) 
(succs (nl:succs nl) ) ) 

;*** generate a label for thia MI lf thia isn't a DEF-BLOCK. 
* 

(caseq (oper:group (car (ai:source al) ) ) 
( (def-block) ) 
( t 
(push popers '(label .(nl:pnaddr-label al) ) ) ) ) 
;*** translate each of the aource naddr statements 

(for (oper in (nl:aource ni) ) 
(do (caaeq (oper:group oper) 

(goto) 

(def-block 
(:= popers (reverse oper) ) ) ;*** 8igh, hack 

(cond-Juap 
(push cond-oper 

'( , (oper operator oper) 
.(oper:part oper 'readl) 
,(oper:part oper *read2) 
,(oper:part oper •probability) 
,(lf (== (car trace-dlr) 'right) 

(then (nl:pnaddr-label (car succs) ))) 
.(If (ss (car trace-dir) 'left) 

(then (nl:pnaddr-label (car succs) ))))) 

(pop succs) 
(pop trace-dlr) ) 

(if-then-else 
(puah cond-oper 

'( .(operoperator oper) 
,(oper:part oper 'readl) 
,(oper:part oper "read2) 
,(oper:part oper 'probability) 
.(If (== (car trace-dlr) 'right) 

(then (nl:pnaddr-label (car succs) ))) 
,(lf (== (car trace-dlr) 'left) 

(then (nl:pnaddr-label (car succs) ))))) 

(pop auccs) 
(pop trace-dlr) ) 



( t 
(push popera oper) ) ) ) ) 

;*** record the conditional Junp, if any, aa a COND 

(if cond-oper (then 
(push cond-oper '(goto ,(nl:pnaddr-label (car suces) ) ) ) 
(push popers '(? .(dreverse cond-oper) ) ) ) ) 

;*** push the successors on the stack 

(:= succs (ni:8uccs nl) ) ;*** ln case you forgot (ha ha), 
(for (succ ln succs) 

(do (lf (! (nl:tranelated-to-eource succ) ) 
(push *nis-to-do* succ) ) ) ) 

;*** Hack, if there ls one successor and It's already 
;*** been translated, we need to do an explicit GOTO. 
;*** O.w. It will be done next, it's code will follow 
;*** laaedlately. 

(lf («*'(- 1 (length succs) ) 
(ni:translated-to-source (car succs) ) ) 

(push popera '(goto ,(ni:pnaddr-label (car aucca) ) ) ) ) 

(:= (ml :translated-to-source ni) (dreverse popers)) 
) ) 

;*** 
;*** Return the label of an MI. 
;*«* 

(defun al:pnaddr-label ( al ) 
(assert (nl:la al) ) 
(atoaconcat '1 (ml:nunber ai) ) ) 

3 
PS :<C.S.BULLDOG.TRACE>MIS-TO-PNADDR.LSP.6 



r 
;;; N-ADDRESS CODE INTO COMPACTION RECORDS TRANSLATION. J. Fisher 
;;: 11/30/8I 

(eval-when (coapile load) 
(Include trace declarations) ) 

(declare (special 
»nr.xref-list* 
) ) 

(defun tr.get-*tr.s* ( naddr ) 
(nr.naddr-to-records naddr) ) 

;;; nr.naddr-to-records doea the actual conversion. First, an end atatenent 
; ; ; la provided by nr.cleanly-end-progran if none exists. Then recorda are 
;;; foraed, but these have actual names rather than pointers where other 
;;; records belong (i.e. aa flow successors) and have naaes, not the needed 
;;; numbers, for registers. A final routine fixes that... 

(defun nr.naddr-to-records (naddr-llst) 
(nr.forn-records (nr.cleanly-end-progran naddr-llst)) 
(nr.replace-naaea-wlth-polntera) 
(nr.build-flow-pra) 
(nr.ellninate-gotos) 
(nr.set-all-edge-probabllltles) 
(nr.calculate-expects) 

(:= »nr.xref-llat* ()) 
nil) 

To forn recorda. ve the following. The list ia processed atatenent 
by atatenent. If the statement is not a label or an expect, a record la 
built by a call to nr.nake-nev-record. Then all the labela that referred 
to thia atatenent are placed ln the label table aa doing so. 
When a label ls encountered, It is placed on the currently active list, 
where labels are accunulated until an operative atatenent ls encountered. 

SPECIAL CASES: 
- Unknown opcodes are Ignored. 
- Little error checking ls done, but nlaslng labela are reported. 

(defun nr.fora-recorda (naddr-li8t) 

(:s *tr.s* nil) 
(:= *nr.xref-liat* nil) 

(let ((active-labels nil) 
(stat-count 0) 
(current-record nil) ) 

(for (atat ln naddr-llst) 
(do 
(cond 
((nr.type-of-stat-that-aakea-recorda atat) 

(++ atat-count) 
(:= current-record (nr.aake-new-record 
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nil) 

stat stat-count)) 
(push *tr.8* current-record) 
(nr.put-xref stat-count current-record) 
(for (lab in active-labels) 

(do (nr.put-xref lab current-record))) 
(:= active-labels nil)) 

((== 'label (operoperator stat) ) 
(push active-labels (oper:part stat 'labell) )))))) 

))) 

; ; ; An end statement ls provided lf none exists. Thus probleas like end 
;;; labels and fall throughs are OK. 

(defun nr.cleanly-end-prograa (naddr-llat) 
(lf (not (equal (last-elt naddr-liet) '(end) )) 

(then (nconc naddr-llat '( (end) ) )) 
(else naddr-llst) )) 

;;; In ml:succs of each foraed record, we have a nane for each follower. 
;;; This ls changed to be the actual pointer. 

(defun nr.replace-nanes-with-pointers () 
(for (elt ln »tr.s») 

(do 
(:= (nlouccs elt) (napcar 'nr.get-xref (nlouccs elt))) 

;;; Little self-evident syntactic sugar utilities: 

(defun nr.type-of-stat-that-nakes-records (stat) 
(nenq (oper:group stat) 

•(two-ln-one-out one-ln-one-out vload vatore if-then-el8e 
goto esc live end stop trace-fence loop-end loop-start 
def-block del aasert use def loop-assign) ) ) 

; ; ; Self evident storage routines to cross-reference naaes of registers vs. 
;;; nuabers, and labels vs. statenents. 

(defun nr.put-xref (lab ai) 
(push «nr.xref-list* (list lab al) )) 

(defun nr.get-xref (lab) 
(let ((result (cadr (aasocf lab »nr.xref-list*)))) 

(if result result 
(else (error (list lab "NR.GET-XREF: Missing label.*) ) ) ) ) ) 

; nr.aake-new-record produces a record out of a single naddr stateaent. The 
; fields are default aet to the values that work for the two-la and one-ln 
; two-out cases, and are changed where necessary for the other cases. 

(defun nr.aake-new-record (stat nunber) 

(let* ( (nane nunber) 
(fall-through (+ 1 nunber) ) 
(al (aioew 

source (Hat atat) 
nuaber (•• *tr.al-nunber*) 
ancca (Hat fall-through) ) ) ) 



c c 
; ; ; change default field values for special operators 

(caseq (oper:group stat) 

(cond-Junp 
(:= (nlouccs ni) 

•(,(oper:part stat 'labell) 
,(Il (oper:part stat *label2) 

fall-through) ) ) ) 

(lf-then-else 
(:= (ai:succ8 al) 

•(,(oper:part stat 'labell) 
,(Il (oper:part stat *label2) 

fall-through) ) ) ) 

(goto 
(:= (nl:8ucca nl) (Hat (cadr atat) ) ) ) 

( (live def-block eac) 
(:= (al:conpacted? nl) t) ) 

( (end etop) 
(:= (nioucca nl) () ) 
(:= (al:coapacted? Bl) t) ) ) 

nl) ) 

;;; We've built only flowaua, so here we build the 
; ; ; set of flowprs... 

(defun nr.build-flow-pre () 
(for (a ln »tr.s») 

(do 
(for (succ in (al:succs a)) 

(do 
(push (ai:preds succ) a)))))) 

; ; ; THE FOLLOWING IS THE STUFF RELATED TO FILLING IN THE EXPECT AND JUMP 
; : ; JUMP PROBABILITY FIELDS 

;;; He'a naking a Hat (ta ta), checking it twice (la la). 

(defun nr.calculate-expecta () 
(for (elt in (reverse »tr.s»)) 

(do (nl:find-expect elt)))) 

ni:find-expect retrieves the ni:expect value of an MI, or forces 
a calculation of it if it hasn't been done yet. Becauae of possible 
flakiness ln various codegenerators, we guarrantee the expect is at 
least a tiny nuaber. 

(defun ai:find-expect ( elt ) 

(If (! (al:expect elt) ) (then 

(if (1 (nl:preda elt) ) (then 
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f 
(:= (ai:expect elt) 1.0) ) 

(elae 
(:= (ai:expect elt) 1.0) ;;; protect againat circularity 
(:= (ai:expect elt) 

(loop (for pred in (al:preda elt) ) 
(when (! (trace-fence :1a pred) ) ) 
(initial expect 0.0) 

(do 
(;s expect (+ expect 

(lf (ai:cond-Junp? pred) 
(» (nl:find-expect pred) 

(nr.edge-prob pred elt) ) 
(nl:find-expect pred) ) ) ) ) 

(result expect) ) ) ) ) 

(lf (loop-8tart:ls elt) (then 
(:= (ni:expect elt) 

(* (nl:expect elt) (nl:iteration-count elt) ) ) ) 

(elae (lf (loop-end :1s elt) (then 
(let ( (loop-start (nr.find-loop-start (loop-end:naae elt) ) ) ) 

(:= (al:expect elt) 
(// (ai:find-expect loop-Btart) 

(al:iteration-count loop-start) ) ) ) ) ) ) ) 

(:= (ai:expect elt) (aax 1.0E-80 (ai:expect elt) ) ) ) ) 

(al:expect elt) ) 

(defnn al: iteration-count (elt) 
(caddar (al:source elt))) 

(defun nr.find-loop-start (naae) 

(loop 
(for elt ln »tr.s«) 
(do 
(If (** 

(loop-start:la elt) 
(eq (loop-start:nane elt) nana)) 
(return elt))) 

(reault nil))) 

(defun loop-start:ia (elt) 
(== 'loop-atart (operoperator (car (nloource elt) ) ) ) ) 

(defun trace-fence :1a (elt) 
(=s "trace-fence (oper operator (car (aloource elt) ) ) ) ) 

(defun loop-atart:nane (elt) 
(oper:part (car (ui:80urce elt) ) 'labell) ) 

(defun loop-end :1a (elt) 
(ss 'loop-end (operoperator (car (aloource elt) ) ) ) ) 

(defun loop-end:naae (elt) 
(oper:part (car (nloource elt) ) 'labell) ) 
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:;; Edge prob is formed here, and passed along when copies are nade in the 
; ; ; bookkeeping phase. 

(defun nr.edge-prob (pred succ) 

(assert (nenq succ (nlouccs pred))) 

(loop 
(for next-succ ln (nlouccs pred)) 
(for next-edge-prob in (ml:edge-prob pred)) 
(do (lf (~ succ next-succ) 

(then (return next-edge-prob)))))) 

(defun nr.set-all-edge-probabllltles () 

(for (elt in *tr.s*) 
(do 
(lf (nl:cond-Junp? elt) 

(then 
(:= (nl:edge-prob elt) 

*(.(al-Junp:prob elt) .(- 1.0 (ni-Junp:prob elt))))) 
(else 
(:= (ni:edge-prob elt) '(1.0))))))) 

(defun nl-Juap:prob (elt) 
(oper:part (car (ai:source elt)) 'probability)) 

;;*****•**•*********•****************************•***•***•***•************* 

;;; Here we attenpt to elininate all the goto statenents. It is renarkably 
;;; easy lf this really works... It ia only difficult ln that we are altering 
;;; »tr.s» at the sane tine that we're running through it. 

(defun nr.ellnlnate-gotoe () 

(loop 
(initial goto-nl (nr.find-go.o-nl) ) 
(while goto-nl) 
(do (bk.unspllce goto-al) 

(:s »tr.a* (eet-diffq »tr.e» (list goto-al))) ) 
(next goto-al (nr.find-goto-al) ) )) 

(defun nr.flnd-goto-al () 
(loop 
(for elt ln »tr.s») 
(do 
(if (eq (oper:group (car (aloource elt))) 'goto) 

(return elt))) 
(result nil))) 
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TRACE PICKER 

Thia aodule iapleaents the picking of the next trace of uncoapacted Mis froa 
the MI flow graph. 

(TR.INITIALIZE-TRACE-PICKER) 
Initializes the aodule by clearing »TR.TRACE-MIS*. 

(TR.PICK-TRACE) 
Picks the next trace fron the flow graph, setting *TR.TRACE-MIS* to 
be the trace and *TR.TRACE-SIZE* the size of the trace and 
decreaenting *TR.OPS-LEFT*. *TR.TRACE-MIS* ls set to be () lf there 
are no unconpacted Mis left. 

Traces are picked by first finding the unconpacted Ml with the largest 
: EXPECT value; that MI becones the seed of the trace. The trace picker 
then noves forward, incrementally growing the trace fron the end. To 
find the next MI, it looks at the current end of the trace and finds 
the successor that meets the trace criteria and adds it to the end of 
the trace. After growing forward, the trace picker grows the trace 
backwards analogously. 

Whichever direction we are growing the trace, the sane criteria are 
used to see lf an edge between two Mis belongs to the trace. Suppose 
we have two Mis, PRED-MI and SUCC-MI. If we are growing the trace 
forward. PRED-MI la the current end of the trace. If we are growing 
the trace backward, then SUCC-MI la the current beginning of the trace. 
In either case, we look at the edge froa PRED-MI to SUCC-MI; both of 
the Mis aust be unconpacted. 

The setting of *TR.TRACE-PICKER* deteralnes which edge criteria are used: 

NORMAL 
The edge froa PRED-MI to SUCC-MI has the highest edge probability 
of all exits fron PRED-MI. 

The edge froa PRED-MI to SUCC-MI ls the aost likely to be 
executed of all the predecessor edges coning into SUCC-MI. That 
ls, the edge contributes the nost : EXPECT to SUCC-MI of all 
of the predeceaaor edgea. 

BB 
'Baalc block* — tracea consist exactly of basic blocks. 

LIBERAL 
PRED-MI has the highest :EXPECT of all the predecessors of SUCC-MI. 

SUCC-MI has the highest :EXPECT of all the succeseora of PRED-MI. 

In all three criteria, PRED-MI and SUCC-MI nuat be unconpacted. To 
guarrantee that a TRACE-FENCE pseudo-op can only occur at the end of 
a trace, PRED-MI can't ba a TRACE-FENCE paeudo-op. 

(eval-when (conplle load) 
(Include trace:declarations) ) 

(defun tr.lnltlallze-trace-plcker () 
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(:= *tr.trace-Bis* () ) 
0 ) 

(defun tr.pick-trace () 
(let ( (seed-al (tp.ni-llstoax-expect-ni *tr.s*) ) ) 

(;s *tr.trace-nls* () ) 

;*** Gobble Mia forward froa the seed, narking the :TRACE-POS 
;*** field of picked Mis so that we won't pick then again. 

(loop (initial next-nl aeed-ni) 
(while next-ni) 

(do 
(:= (nl:trace-poa next-ai) t) 
(push »tr.trace-mis» next-nl) ) 

(next next-nl (tp.ni:next-forward-trace-nl next-nl) ) ) 

;*** Reverse the trace and rénove the seed froa the front. 

(:= »tr.trace-ale* (dreverse ftftft) ) 
(pop *tr.trace-als*) 

;*** Gobble Mis backward fron the seed. 

(loop (Initial next-ni aeed-ni) 
(while next-ni) 

(do 
(:= (ml :trace-pos next-nl) t) 
(push *tr.trace-nls* next-nl) ) 

(next next-ni (tp.nl:next-backward-trace-nl next-nl) ) ) 

;*** Set the trace size and nunber of operations left. 

(:= *tr.trace-size* (length *tr.trace-nls*) ) 
(:s *tr.ops-left* (- *tr.ops-left* *tr.trace-size*) ) 

0 ) ) 

***=======333333333SSS3333====333=====S33===========33333============ 

*** 
*** (TP.MI:NEXT-FORWARD-TRACE-MI MI) 
*** 
*** MI ls assuned to be already on the trace. Returns the successor 
*** of MI that should be on the trace. If there Is no appropriate 
*** successor, () ls returned. 
*** 
***=====3333S3333S3S3SSSS======SSS======333333======SS333==33======== 

(defun tp.nloext-forward-trace-ai ( nl ) 
(loop (for succ-ai in (ai:succs al) ) (do 

(if (ftft (! (nl:trace-pos succ-ni) ) 
(tp.pred-al:succ-ai:right-edge? Bl succ-ai) ) 

(then 
(return succ-ai) ) ) ) 

(result () ) ) ) 

;***=333=33S========33=33SSS3====3S3S : 

;•** 
;*** (TP.MI:NEXT-BACKWARD-TRACE-MI MI) 
:*** 

http://tp.nl
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;**» MI ls assuned to be already on the trace. Returns the predecessor 
;*** of MI that should be on the trace. If there is no appropriate 
*** successor, () ls returned. 
:*** 
*»*===============33333333=_=======_=3=__3=_=_==33====3==_3333__=__==3= 

(defun tp.Bioext-backward-trace-ai ( al ) 
(loop (for pred-ai ln (al:preds ai) ) (do 

(lf (ftft (! (Bi:trace-pos pred-al) ) 
(tp.pred-al:succ-ai:right-edge? pred-ni nl) ) 

(then 
(return pred-ni) ) ) ) 

(result () ) ) ) 

i»*================33333S=33========333333333==3333==33333=333333=333333S 

>** 
*** (TP.PRED-MI:SUCC-MI:RIGHT-EDGE? PRED-MI SUCC-MI) 
>*» 
'*» One of PRED-MI and SUCC-MI are already on the trace. Returns true 
>*» lf the edge fron PRED-MI to SUCC-MI meets the trace picking criteria 
>** and thua ahould be part of the trace, 
i** 

t » » 3 3 3 3 3 3 = = = = = = = = = = = = = 3 3 3 S 3 3 3 3 = = = = = = = = = = = = = = = = = = = = = 3 = = = = = = = = = = 

(defun tp.pred-ml:succ-ni: right-edge? ( pred-ni aucc-ni ) 

(if (II (! pred-ni) 
(! 8UCC-U1) 
(al:coapacted? pred-ni) 
(al:coapacted? succ-ai) 
(== 'trace-fence (aioperator pred-al) ) ) 

(then 
nil) 

(else 
(caseq »tr.trace-picker* 

(normal 
(ftft (>= (nr.edge-prob pred-ni aucc-nl) .6) 

** See lf PRED-MI contributes the aoat of all 
** of SUCC-MI'S predecessors 

(s (* (nr.edge-prob pred-nl succ-ni) 
(al:expect pred-nl) ) 

(loop (for next-pred-al ln (al:preda succ-ai) ) 
(initial aax-expect 0.0) 
(bind expect (* (nr.edge-prob next-pred-al 

aucc-nl) 
(B1:expect next-pred-nl) ) ) 

(do 
(lf (> expect nax-expect) (then 

(:= nax-expect expect) ) ) ) 
(reault nax-expect) ) ) ) ) 

(bb 
(ftft (! (nl:cond-Juap? pred-al) ) 

(! (ml:re Join? aucc-nl) ) ) ) 

(liberal 
(ftft (=s succ-ai 
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(tp.ni-llstoax-expect-ni (nlouccs pred-nl) ) ) 
(== pred-ni 

(tp.nl-llst:nax-expect-nl (nl:preds succ-ni))))))))) 

(TP.MI-LIST:MAX-EXPECT-MI MI-LIST) 

Returns the unconpacted MI ln MI-LIST with the largest :EXPECT value. 
Returns () lf there is no such unconpacted MI. 

(defun tp.nl-list:nax-expect-nl ( nl-llst ) 
(loop (for ni in ni-llst) 

(initial nax-expect -1 
nax-elt-ao-far () ) 

(do 
(if (ftft (! (nl:conpacted? nl) ) 

(> (al:expect al) aax-expect) ) 
(then 

(:= aax-expect (al:expect al) ) 
(:s aax-elt-so-far ni) ) ) ) 

(result aax-elt-so-far) ) ) 


