Watching EC-EVAL on (f x)

(save continue)

(save env)

(assign unev (op operands) (reg exp))

(save unev)

(assign exp (op operator) (reg exp))

(assign continue (label ev-appl-did-operator))
(goto (label eval-dispatch))

(test (op self-evaluating?) (reg exp))

(branch (label ev-self-eval))

(test (op quoted?) (reg exp))

(branch (label ev-quoted))

(test (op variable?) (reg exp))

(branch (label ev-variable))

(assign val (op lookup-variable-value) (reg exp) (reg env))
(goto (reg continue))

(restore unev)

(restore env)

(assign argl (op empty-arglist))

(assign proc (reg val))

(test (op no-operands?) (reg unev))

(branch (label apply-dispatch))

(save proc)

(save argl)

(assign exp (op first-operand) (reg unev))
(test (op last-operand?) (reg unev))

(branch (label ev-appl-last-arg))

(assign continue (label ev-appl-accum-last-arg))(goto (label eval-dispatch))
(test (op self-evaluating?) (reg exp))

(branch (label ev-self-eval))

(test (op quoted?) (reg exp))

(branch (label ev-quoted))

(test (op variable?) (reg exp))

(branch (label ev-variable))

(assign val (op lookup-variable-value) (reg exp) (reg env))
(goto (reg continue))

(restore argl)

(assigdl ardtHOp &djootarg) (reg val) (reg argl))
(restore proc)



Register Traffic

B save
B assign
B restore
* M reference
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(save continue)

(save env)

(assign _unev_(op operands) (reqg exp))

(save unev)

(assign exp (op operator) (req exp))

(assign continue (label ev-appl-did-operator))

(assign val (op lookup-variable-value) (reg exp) (reg env))

(restore unev)

(restore env)

(assign argl (op empty-arglist))

(assign proc (reg val))

(save proc)

reg unev))
(assign continue (label ev-appl-accum-last-arqg))

(assign val (op lookup-variable-value) (req exp) (reg env))

(restore argl)

(assign argl (op adjoin-arg) (reg val) (reqg argl))

(restore proc)

MT EECS 6. 001



Don’'t Need Continuations

B save
B assign
B restore
* M reference
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(save env)

. (assign _unev _(op operands) (reqg exp))
(save unev)

(assign exp (op operator) (req exp))

(assign val (op lookup-variable-value) (reg exp) (reg env))

(restore unev)

(restore env)

(assign argl (op empty-arglist))

(assign proc (reg val))

(save proc)

reg unev))

(assign val (op lookup-variable-value) (req exp) (reg env))

(restore argl)

(assign argl (op adjoin-arg) (reg val) (reg argl))

=

(restore proc)

MT EECS 6. 001



Taking Form (f x) Into Account

B save
B assign
B restore
* M reference

volclol<|la|le
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32 3 25
-
c
D

. (save env)

(assign val (op lookup-variable-value) (const f) (reg env))

(restore env)

(assign argl (op empty-arglist))

(assign proc (reg val))

(save proc)

(save argl)

(assign val (op lookup-variable-value) (const x) (req env))

(restore argl)
(assign argl (op adjoin-arg) (reg val) (req argl))

(restore proc)

MT EECS 6. 001



Remove Extra Save/Restores

B save
B assign
B restore
* M reference
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-(assign val (op lookup-variable-value) (const f) (reg env))

(assign argl (op empty-arglist))

] (assign proc (reg val))

(save argl)

(assign val (op lookup-variable-value) (const x) (req env))

(restore argl)
(assign argl (op adjoin-arg) (reqg val) (reg argl))

MT EECS 6. 001



Optimize Register Target

B save
B assign
B restore
* M reference

o8l clols|o|o
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:. -(assign proc (op lookup-variable-value) (const ) (reg env))

(assign argl (op empty-arglist))

(save argl)

(assign val (op lookup-variable-value) (const x) (req env))

(restore argl)

(assign argl (op adjoin-arg) (reqg val) (reg argl))

MT EECS 6. 001



Trace Constant () Usage

B save
B assign
B restore
* M reference

o8l clols|o|o
<l g|3|3|H3B
=
c
o
:. -(assign proc (op lookup-variable-value) (const ) (reg env))

(assign val (op lookup-variable-value) (const x) (req env))

n

(assign argl (op adjoin-arq) (reg val) (const ()))

MT EECS 6. 001



Compiler Dispatch

(define (conpile exp target |inkage)
(cond ((sel f-eval uating? exp)
(conpi | e-sel f-eval uati ng
exp target |inkage))

((quot ed? exp)

(conpi | e- quot ed exp target |inkage))
((vari abl e? exp)

(conpi l e-variable exp target |inkage))
((assi gnnent ? exp)

(conpi | e-assignnent exp target |inkage))
((definition? exp)

(conpi le-definition exp target |inkage))
((1f? exp)

(conpi le-if exp target |inkage))
((lanbda? exp)

(conpi | e-1anbda exp target |inkage))
((begi n? exp)

( conpi | e- sequence (begi n-actions exp)

t ar get
| i nkage) )

((cond? exp)

(conpile (cond->f exp) target |inkage))
((application? exp)

(conpi | e-application exp target |inkage))
(el se

(error

"Uhknown expression type -- GOMA LE

exp))))

MT EECS 6. 001



Seguence Abstraction

(define (nmake-1 nstructi on-sequence
needs nodi fies statenents)
(l1st needs nodifi es statenments))

(define (enpty-instruction-seguence)
( nake- 1 nstruct i on- sequence

00 "0))

MT EECS 6. 001



Accessors (handling labels)

(define (nmake-1 nstructi on-sequence
needs nodi fies statenents)
(l1st needs nodifi es statenments))

(define (enpty-instruction-seguence)
( nake- 1 nstruct i on- sequence

00 "0))

(define (registers-needed s)
(1f (synbol?s) '"() (car s)))

(define (registers-nodified s)
(i1f (synbol?s) '"() (cadr s)))

(define (statenents S)
(1f (synbol? s) (list s) (caddr s)))

MT EECS 6. 001



Plus Predicates

(define (nmake-1 nstructi on-sequence
needs nodi fies statenents)
(l1st needs nodifi es statenments))

(define (enpty-instruction-seguence)
( nake- 1 nstruct i on- sequence

00 "0))

(define (registers-needed s)
(1f (synbol?s) '"() (car s)))

(define (registers-nodified s)
(i1f (synbol?s) '"() (cadr s)))

(define (statenents S)
(1f (synbol? s) (list s) (caddr s)))

(define (needs-regi ster? seq reg)
(nengy reg (regi sters-needed seq)))

(define (nodifies-register? seq reg)
(neng reg (registers-nodified seq)))

MT EECS 6. 001



Simple Appending
(define (append-i nst ructi on-sequences
. Segs)

(defi ne (append- 2- sequences seql seq2)
( nake- 1 nst r uct | on- sequence
(l1st-uni on
(regi st ers-needed seql)
(l1st-difference
(regi st ers- needed seqg2)
(registers-nodified seql)))
(l11st-union
(registers-nodified seql)
(registers-nodified seqg2))
(append (statenents seql)
(statenents seq?))))

(define (append-seg-list seqs)
(1f (null? seqs)
(enpt y-1 nst ruct | on- sequence)
( append- 2- sequences
(car seqs)
(append- seg-list (cdr segs)))))
(append- seg-11ist segs))

MT EECS 6. 001



Appending With Preservation

(define (preserving regs segql seq2)
(if (null? regs)

(append- i nstructi on- sequences
seql seq?)

(let ((first-reg (car regs)))
(if (and
(needs-regi ster? seg2
first-reg)
(nodi fies-register? seql
first-reg))
(preserving (cdr regs)
(nake- I nst ruct i on- sequence
(l1st-union
(list first-reg)
(regi sters-needed seqgl))
(list-difference
(regi sters-nodi fi ed seql)
(list first-reg))
( append
“((save ,first-reg))
(stat enents seql)
“((restore ,first-reg))))
seq?2)
(preserving (cdr regs)
seql
M T EECS 6. 001 seg2)))))



Simple Things To Compile

(define (conpil e-sel f-eval uating
exp target |1 nkage)
(end-w t h-11 nkage |1 nkage
( nake- I nstruct I on- sequence
()
(l1st target)
“((assign ,target (const ,exp))))))

(define (conpi |l e-quot ed
exp target |1 nkage)
(end-w t h-11 nkage |1 nkage

( nake- I nstruct I on- sequence
()
(l1st target)
“((assign ,target

( const
, (text-of -quotation

exp)))))))

MT EECS 6. 001



Handling The Linkage

(define (end-wth-Ii nkage
| I nkage | nst ructi on- sequence)
(preserving ' (continue)
| nst ruct 1 on- sequence
(conpi | e-11 nkage |1 nkage)))

(define (conpi | e-11nkage |1 nkage)
(cond ((eg? |inkage 'return)
( make- 1 nstr uct | on- sequence
"(conti nue)
()
"((goto (reg continue)))))

((eg? |1 nkage ' next)
(enpt y-1 nst ruct | on- sequence) )

(el se
( make- 1 nst r uct | on- sequence
()
‘g%goto (label ,linkage)))))))

MT EECS 6. 001



Register Needs of Application

(save conti nue) ]

(save env)]

<eval uate operator; result in proc>
(restore env)]

(save proc)]

<eval uate operands; result In argl >
(restore proc)]

[ (restore continue) ]

<apply procedure in proc to argunents
Inargl, and | nk>

MT EECS 6. 001



Compiling A Procedure Application

(define (conpile-application
exp target |inkage)
(let ((proc-code
(conpi | e (operator exp)
' proc
'next))
( oper and- codes
(map (| antbda (operand)
(conpi | e operand
'val
'next))
(operands exp))))

(preserving '(env continue)
pr oc- code
(preserving ' (proc continue)
(construct-argli st operand-codes)
(conpi | e-procedure-cal |
t ar get

| 1 nkage)))))

MT EECS 6. 001



Register Needs of IF

(save env)]

(save conti nue) ]

<eval uate predicate;, result in va >
(restore continue) ]

[ (restore env)]

(test (op false?) (reg val))

(branch (| abel <el sel abel >))

<eval uate consequent; result in target;
speci al |1 nkage>

<el sel abel >
<eval uate alternate;, result in target;
| I nkage>

MT EECS 6. 001



An IF Destroying Tail Recursion

(save env)]

(save conti nue) ]

<eval uate predicate;, result in val >
(restore continue) ]

[ (restore env)]

(test (op false?) (reg val))

(branch (| abel <el sel abel >))

<eval uate consequent; result in target>
(goto (Il abel <endl abel >)

<el sel abel >

<eval uate alternate;, result in target>
<endl| abel >

<l | nkage>

MT EECS 6. 001



Compiling an IF

(define (conpile-if exp target |inkage)

(let ((t-branch (nake-label 'true-branch))
(f-branch (nake-I|abel 'false-branch))
(after-if (nake-label '"after-if)))

(let ((consequent-Iinkage
(if (eg? linkage 'next)
after-if
| i nkage) ) )
(let ((p-code (conpile (if-predicate exp)
'val
'next))
(c-code
(conpi l e (if-consequent exp)
t ar get
conseguent - | i nkage) )
(a-code
(conpile (i1f-alternative exp)
t ar get
| i nkage) ) )
(preserving ' (env continue)
p- code
(append-i nst ruct i on- sequences
(nake-1nstruction-sequence '(val ) '()
“((test (op false?) (reg val))
(branch (1l abel ,f-branch))))
(paral |l el -i nstructi on-sequences
(append-i nstruct i on- sequences t - branch
Cc- code)
(append-i nstruct i on- sequences f - branch

a- code))
after-if))))))
MT EECS 6. 001



Worst Case For Two Codes

(define (parallel-instruction-sequences
seql seq?)
( nake- 1 nst ruct i on- sequence
(l1st-uni on (regi st ers-needed seql)
(regi sters-needed seqg?))
(l1st-union (registers-nodi fied seql)
(registers-nodi fied seg?))
(append (statenents seql)
(statenments seqg2))))

MT EECS 6. 001



Compiled Code Still Cumbersome

(+xy)

(assign proc (op | ookup-vari abl e-val ue)
(const +)
(reg env))
(assign val (op | ookup-vari abl e-val ue)
(const )
(reg env))
(assign argl (op list) (reg val))
(assign val (op | ookup-vari abl e-val ue)
(const Xx)
(reg env))
(assign argl (op cons)
(reg val)
(reg argl))
., proceed as if at appl y-di spatch
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Better?

(+xy)

(assign exp (op | ookup-vari abl e-val ue)
(const )
(reg env))

(assign val (op | ookup-vari abl e-val ue)
(const X)
(reg env))

(assign val (op +)
(reg val)
(reg exp))

,; conput ati on proceeds

,; forget about appl y-dispatch !!
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But...

((lanbda (+) (+Xxy)) *)

(assign exp (op | ookup-vari abl e-val ue)
(const )
(reg env))

(assign val (op | ookup-vari abl e-val ue)
(const X)
(reg env))

(assign val (op +)
(reg val)
(reg exp))

,; conput ati on proceeds

,; forget about appl y-dispatch !!

MT EECS 6. 001



