S u m - R o o t s P r o c e d u r e

(define (sum-roots from to) (define (sum-iter sum from to) (if (> from to) sum (sum-iter (+ sum (sqrt from)) ( + 1 f r o m ) t o ) ) ) (sum-iter 0 from to))

R e g i s t e r M a c h i n e f o r S u m - R o o t s

(define-machine sum-roots (registers sum from to temp) (operations + sqrt >) (controller sum-roots (assign sum (const 0)) sum-iter (test (op >) (reg from) (reg to)) (branch (label done)) (assign temp (op sqrt) (reg from)) (assign sum (op +) (reg sum) (reg temp)) (assign from (op +) (const 1) (reg from)) (goto (label sum-iter)) done))

S u m - R o o t s D a t a F l o w a n d C o n t r o l F l o w :

sum

+ sum<-adder

from<-inc to 1 from >

+ sqrt temp temp<-sqrt 0 init-sum

sum<-add

from<-inc

> yes done no temp<-sqrt init-sum sum-roots

sum-iter

DATA FLOW

C O N T R O L FLOW

R e g i s t e r M a c h i n e C o n t r o l l e r L a n g u a g e

(assign <reg-name1> (reg <reg-name2>)) (assign <reg-name> (const <constant-value>)) (assign <reg-name> (op <op-name>) <input1> <input2> ...)

(perform (op <op-name>) <input1> <input2> ...)

(test (op <op-name>) <input1> <input2> ...) (branch (label <label-name>)) (goto (label <label-name>))

Notes:

<inputi> is either (const <constant-value>) or (reg <reg-name>) ... thus no "nested" operations are allowed.

R e g i s t e r M a c h i n e C o n t r o l l e r L a n g u a g e

(assign <reg-name1> (reg <reg-name2>)) (assign <reg-name> (const <constant-value>)) (assign <reg-name> (op <op-name>) <input1> <input2> ...) (assign <reg-name> (label <label-name>))

(perform (op <op-name>) <input1> <input2> ...)

(test (op <op-name>) <input1> <input2> ...) (branch (label <label-name>)) (goto (label <label-name>)) (goto (reg <reg-name>))

Notes:

<inputi> is either (const <constant-value>) or (reg <reg-name>) ... thus no "nested" operations are allowed.

R e g i s t e r M a c h i n e C o n t r o l l e r L a n g u a g e

(assign <reg-name1> (reg <reg-name2>)) (assign <reg-name> (const <constant-value>)) (assign <reg-name> (op <op-name>) <input1> <input2> ...) (assign <reg-name> (label <label-name>))

(perform (op <op-name>) <input1> <input2> ...)

(test (op <op-name>) <input1> <input2> ...) (branch (label <label-name>)) (goto (label <label-name>)) (goto (reg <reg-name>))

(save <reg-name>) (restore <reg-name>)

Notes:

<inputi> is either (const <constant-value>) or (reg <reg-name>) ... thus no "nested" operations are allowed.

S u b r o u t i n e V e r s i o n o f S u m - R o o t s

(controller

. . . ;; Contract: input registers from, to ;; output in register sum ;; Returns to label in the continue register. sum-roots ;; entry point (assign sum (const 0)) sum-iter (test (op >) (reg from) (reg to)) (branch (label done)) (assign temp (op sqrt) (reg from)) (assign sum (op +) (reg sum) (reg temp)) (assign from (op +) (const 1) (reg from)) (goto (label sum-iter)) done (goto (reg continue)) . . . )

R e c u r s i v e S u m - R o o t s

(define (sum-roots from to) (if (> from to) 0 ; ; b a s e c a s e (+ (sqrt from) ;; deferred operation (sum-roots (+ 1 from) to)))) ;; recursion

sqrt

+

+ from

to sum-roots

sumroots 1

R e c u r s i v e S u m - R o o t s ( F a i l e d A t t e m p t )

(controller ;; On entry -- continue holds return label ;; -- registers from, to hold input values ;; On return -- register val holds answer sum-roots (test (op >) (reg from) (reg to)) (branch (label base-case)) ;; Need to recurse, so remember what we�ll need ;; for the deferred operation... (assign old-continue (reg continue)) (assign old-from (reg from)) (assign continue (label do-deferred-operations)) (assign from (op +) (const 1) (reg from)) (goto (label sum-roots)) ; recurse base-case (assign val (const 0)) (goto (reg continue)) do-deferred-operations (assign from (reg old-from)) (assign temp (op sqrt) (reg from)) (assign val (op +) (reg val) (reg temp)) (assign continue (reg old-continue)) (goto (reg continue)) )

R e c u r s i v e S u m - R o o t s ( W i t h S t a c k )

(define-machine sum-roots (registers continue from to temp) (operations + sqrt >) (controller ;; On entry -- continue holds return label ;; -- registers from, to hold input values ;; On return -- register val holds answer sum-roots (test (op >) (reg from) (reg to)) (branch (label base-case)) ;; Need to recurse, so remember what we�ll need ;; for the deferred operation... (save from) (save continue) (assign continue (label do-deferred-operations)) (assign from (op +) (const 1) (reg from)) (goto (label sum-roots)) ; recurse base-case (assign val (const 0)) (goto (reg continue)) do-deferred-operations (restore continue) ;; restore in reverse order! (restore from) (assign temp (op sqrt) (reg from)) (assign val (op +) (reg val) (reg temp)) (goto (reg continue))))

R e c u r s i v e S u m - R o o t s R e g i s t e r M a c h i n e

val

+ to 1 from >

+ sqrt temp 0

continue