Norvig 9 Efficiency Issues

Rapid prototyping -> deployed system (specs not so specific)


Develop working system (abstractions – easy to change)


Instrument program  (Bottleneck Rule)


Replace slow parts (maintaining correctness)  


Time & Space

9.1 Caching / Memoization

(defun fib (n)


"Compute the nth number in the Fibonacci sequence"

(if (<= n 1) 1



(+ (fib (- n 1)) (fib (- n 2 )))))

(defun memo (fn)


"return a memo-function of fn."

(let ((table (make-hash-table)))



#'(lambda (x)




(multiple-value-bind (val found-p)





(gethash x table)




    (if found-p





  val





  (setf (gethash x table) (funcall fn x )))))))

(defun memoize (fn-name)

"replace fn-name’s global definition with a memoized version."

(setf (symbol-function fn-name) 

(memo (symbol-function fn-name))))

(memoize 'fib)

*compile-definitions*
*minimum-stack-overflow-size*
9.3 Delaying computation of partial results

(defstruct delay (value nil) (function nil))

 (defmacro delay (&rest body)

 
"A computation that can be executed later by FORCE."

 
`(make-delay :function #'(lambda () . ,body)))

 (defun force (x)

 
"Find the value of x, by computing if it is a delay."

 
(if (not (delay-p x))

 

x

 

(progn

 


(when (delay-function x)

 



(setf (delay-value x)

 




  (funcall (delay-function x)))

 



(setf (delay-function x) nil))

 


(delay-value x))))

 example:

 (setf x (list (print 1) (delay (print 2))))

 (force (second x))

 pipes:

 (defmacro make-pipe (head tail)

 
"Create a pipe by evaluating head and delaying tail."

 
`(cons ,head (delay ,tail)))

 (defconstant empty-pipe nil)

 (defun head (pipe) (first pipe))

 (defun tail (pipe) (force (rest pipe)))

 (defun pipe-elt (pipe i)

 
"The i-th element of a pipe, 0-based"

 
(if (= i 0)

 

(head pipe)

 

(pipe-elt (tail pipe) (- i 1))))

example:

(defun integers (&optional (start 0) end)


"A pipe of integers from START to END.


If END is nil, pipe is infinite."


(if (or (null end) (<= start end))



(make-pipe start (integers (+ start 1) end))



nil))

(setf c (integers 0))

(pipe-elt c 3)

cost- space & time

alternative: (value.closure)

(defmacro make-pipe (head tail)

 
"Create a pipe by evaluating head and delaying tail."

 
`(cons ,head #'(lambda () ,tail)))

(defun tail (pipe)


"Return tail of pipe or list, and destructively update


the tail if it is a function."


(if (functionp (rest pipe))



(setf (rest pipe) (funcall (rest pipe)))



(rest pipe)))

(setf c (integers 0))

(pipe-elt c 5)

(defun enumerate (pipe &key count key (result pipe))


"Go through all (or count) elements of pipe,


possibly applying the KEY function.  (Try PRINT.)"


;; Returns RESULT, which defaults to pip itself.


(if (or (eq pipe empty-pipe) (eql count 0))



result



(progn




(unless (null key) (funcall key (head pipe)))




(enumerate (tail pipe) :count (if count (- count 1))






   :key key :result result))))

(defun filter (pred pipe)


"Keep only the items in pipe statisfying pred."


(if (funcall pred (head pipe))



(make-pipe (head pipe)





   (filter pred (tail pipe)))



(filter pred (tail pipe))))

example: generating prime numbers

(defun sieve (pipe)


(make-pipe (head pipe)




(filter #'(lambda (x) (/= (mod x (head pipe)) 0))






(sieve (tail pipe)))))

(defvar *primes* (sieve (integers 2)))

(enumerate *primes* :count 10)

example: generating from a grammar

(defun map-pipe (fn pipe)


"Map fn over pipe, delaying all but the first fn call."


(if (eq pipe empty-pipe)



empty-pipe



(make-pipe (funcall fn (head pipe))





   (map-pipe fn (tail pipe)))))

(defun append-pipes (x y)


"Return a pipe that appends the elements of x and y."


(if (eq x empty-pipe)



y



(make-pipe (head x) (append-pipes (tail x) y))))

(defun mappend-pipe (fn pipe)


"Lazily map fn over pipe, appending results."


(if (eq pipe empty-pipe)



empty-pipe



(let ((x (funcall fn (head pipe))))




(make-pipe (head x)





(append-pipes (tail x)








  (mappend-pipe








  
fn (tail pipe)))))))

(defun generate-all (phrase)

  "Generate a random sentence or phrase."

  (if (listp phrase)

  
  (if (null phrase) (list nil)

  
  
  (combine-all-pipes (generate-all (first phrase))

                       

 (generate-all (rest phrase)))) 

  
  (let ((choices (rule-rhs (assoc phrase *grammar*))))

  
  
(if choices

  
  

(mappend-pipe #'generate-all choices)

  


(list (list phrase))))))

(defun combine-all-pipes (xpipe ypipe)

  "Return a pipe of pipes formed by appending a y to an x."

  ;; I.e., form the cartesian product.

  (mappend-pipe 

  

#'(lambda (y)

               (map-pipe #'(lambda (x) (append-pipes x y)) xpipe))

           ypipe))

 (defparameter *grammar*

  '((sentence -> (noun-phrase verb-phrase))

    (noun-phrase -> (Article Adj* Noun PP*) (Name) (Pronoun))

    (verb-phrase -> (Verb noun-phrase PP*))

    (PP* -> () (PP PP*))

    (Adj* -> () (Adj Adj*))

    (PP -> (Prep noun-phrase))

    (Prep -> to in by with on)

    (Adj -> big little blue green adiabatic)

    (Article -> the a)

    (Name -> Pat Kim Lee Terry Robin)

    (Noun -> man ball woman table)

    (Verb -> hit took saw liked)

    (Pronoun -> he she it these those that)))

(setf ss (generate-all 'sentence))

 (enumerate ss :count 5)

 (enumerate ss :count 5 :key #'enumerate)

 (enumerate (pipe-elt ss 200))

 problems:

 enumerates depth first, will never get past phrase "hit the man",

 
left recursive rules -> infinite recursion

9.5 Instrumentation

(defun profile1 (fn-name)

 
"Make the function count how often it is called."

 
;; First save away the old, unprofiled function

 
;; Then make the name be a new function that increments

 
;; a counter and then calls the original function

 
(let ((fn (symbol-function fn-name)))

 

(setf (get fn-name 'unprofiled-fn) fn)

 

(setf (get fn-name 'profile-count) 0)

 

(setf (symbol-function fn-name) (profiled-fn fn-name fn))

 

fn-name))

 (defun unprofile1 (fn-name)

 
"Make the function stop counting how often it is called."

 
(setf (symbol-function fn-name) (get fn-name 'unprofiled-fn))

 
fn-name)

 (defun profiled-fn (fn-name fn)

 
"Return a function that increments the count."

 
#'(lambda (&rest args)

 

(incf (get fn-name 'profile-count))

 

(apply fn args)))

 (defun profile-count (fn-name) (get fn-name 'profile-count))

 (defun profile-report (fn-names &optional (key #'profile-count))

 
"Report profiling statistics on gven functions."

 
(loop for name in (sort fn-names #'> :key key) do

 

(format t "~&~7D ~A" (profile-count name) name )))

 issues:

 macros to profile multiple functions

 track time as well as calls

 avoid multiple profiling of given function

 ensure redefined functions re profiled

 (defvar *profiled-functions* nil

 
"Function names that are currently profiled.")

 (defmacro profile (&rest fn-names)

 
"Profile fn-names, with no args, list profiled functions."

 
`(mapcar #'profile1

 


(setf *profiled-functions* 

 



  (union *profiled-functions* ',fn-names))))

 (defmacro unprofile (&rest fn-names)

 
"Stop profiling fn-names.  With no args, stop all profiling."

 
`(progn

 

(mapcar #'unprofile1

 



,(if fn-names `',fn-names '*profiled-functions*))

 

(setf *profiled-functions*

 


,(if (null fn-names)

 



 nil

 



 `(set-difference *profiled-functions* ',fn-names)))))

 (defun profile1 (fn-name)

 
"Make the function count how often it is called."

 
;; First save away the old, unprofiled function

 
;; Then make the name be a new function that increments

 
;; a counter and then calls the original function

 
(let ((fn (symbol-function fn-name)))

 
 (unless (eq fn (get fn-name 'profiled-fn))  ;;new

 
   (let ((new-fn (profiled-fn fn-name fn))) ;;new

 
     (setf (symbol-function fn-name) new-fn

 
     

(get fn-name 'profiled-fn) new-fn

 
     

(get fn-name 'unprofiled-fn) fn

 
     

(get fn-name 'profile-time) 0

 
     

(get fn-name 'profile-count) 0))))

 
  fn-name) 

 (defmacro unprofile1 (fn-name)

 
"Make the function stop counting how often it is called."

 
`(progn

 

(mapcar #'unprofile1

 



,(if fn-names `'fn-names *profiled-functions*))

 

(setf *profiled-functions*

 


  ,(if (null fn-names)

 


  
   nil

 


  
   `(set-difference *profiled-functions* ',fn-names)))))


 
fn-name)

 (defun unprofile1 (fn-name)

 
"Make the function stop counting how often it is called."

 
(setf (get fn-name 'profile-time) 0)

 
(setf (get fn-name 'profile-count) 0)

 
(when (eq (symbol-function fn-name) (get fn-name 'profiled-fn))

 
  (setf (symbol-function fn-name) (get fn-name 'unprofiled-fn)))

 
fn-name)

(defun get-fast-time ()


"Return the elapsed time.  This may wrap around;


use fst-time-difference to compare."


(get-internal-real-time))

(defun fast-time-difference (end start)


"Subtract two time points."


(- end start))

(defun fast-time->seconds (time)


"Convert a fast-time interval into seconds."


(/ time internal-time-units-per-second))

 (proclaim '(inline profile-enter profile-exit inc-profile-time))

 (defun profiled-fn (fn-name fn)

 
"Return a function that increments the count and times."

 
#'(lambda (&rest args)

 

(profile-enter fn-name)

 

  (multiple-value-prog1

 

  
(apply fn args)

 

  
(profile-exit fn-name))))

 (defun profile-enter (fn-name)

 
(incf (get fn-name 'profile-count))

 
(unless (null *profile-call-stack*)

 

;; time charged against calling function

 

(inc-profile-time (first *profile-call-stack*)

 





  (car (first *profile-call-stack*))))

 
;; put a new entry on the stack

 
(push (cons fn-name (get-fast-time))

 

  *profile-call-stack*))

 (profile-exit (fn-name)

 
;; time charged against the current function:

 
(inc-profile-time (pop *profile-call-stack*)

 




  fn-name)

 
;; change the top entry to reflect current time

 
(unless (null *profile-call-stack*)

 

(setf (cdr (first *profile-call-stack*))

 


  (get-fast-time))))

 (defun inc-profile-time (entry fn-name)

 
(incf (get fn-name 'profile-time)

 

  (fast-time-difference (get-fast-time) (cdr entry))))

 update:

 (defun profile-report (&optional 

 





(fn-names (copy-list *profiled-functions*))

 





(key #'profile-count))

 
"Report profiling statistics on gven functions."

 
(let ((total-time (reduce #'+ (mapcar #'profile-time fn-names))))

 

(unless (null key)

 


(setf fn-names (sort fn-names #'> :key key)))

 

(format t "~&Total elapsed time: ~d" seconds."

 



(fast-time->seconds total-time))


 

(format t "~&  Count    Secs Time% Name")


 

(loop for name in fn-names do

 


(format t "~&~7D ~6,2F ~3d% ~A" 

 




(profile-count name)

 




(fast-time->seconds (profile-time name))

 




(round (/ (profile-time name) total-time) .01)

 




name ))))
 

 (defun profile-time (fn-name) (get fn-name 'profile-time))

 (defmacro with-profiling (fn-names &rest body)

 
'(progn

 

(unprofile . ,fn-names)

 

(profile . ,fn-names)

 

(setf *profile-call-stack* nil)

 

(unwind-protect

 


  (progn . body)




 


(profile-report ',fn-names)

 


(unprofile . ,fn-names))))

Norvig 10 Low-level Efficiency Issues

Use Declarations








Avoid Generic Functions (Using Fast Operators)

Avoid Complex Argument Lists

Avoid Unnecessary Consing  (Garbage Avoidance)


Use the Right Data Structures

10.1 Use Declarations








(defun sum-squares (seq)


(let ((sum 0))


   (dotimes (I (length seq))



(incf sum (square (elt seq I))))


   sum))

for vectors of fixnums:

(defun sum-squares (vect)


(declare (type (simple-array fixnum *) vect)



     (inline square)




     ;;when short, stable, none-recursive, not widely called



     (optimize speed (safety 0)))



     ;; also- compilation-speed, space, debug


(let ((sum 0))


   (dotimes (I (length seq))



(incf sum (square (elt seq I))))


   sum))

check value with : dissassemble or profiler

useful declarations:


fixnum, float (not integer)


list, array


simple-vector, simple-array  

;; no shared structure, no fill pointer, not adjustable


(array type)



(simple-array type)



(vector type)


(array  <type> *dimensions)

Grahm 13.3 Type Declarations

(declaim (type fixnum count))

(declaim (fixnum count)

(defun poly (a b x)


(declare (fixnum a b x))


(the fixnum (+ (the fixnum (* a (the fixnum (expt x 2 ))))




      (the fixnum (* b x)))))

declare:


args to overloaded functions


specific types


complex objects


    help memory allocation and specifying arg types to function

(setf a (make-array '(500 500)

                    :element-type 'single-float

                    :initial-element 1.0))

(defun sum-elts (a)

  (declare 

(type (simple-array single-float (1000 1000)) 

           a))

  (let ((sum 0.0))

    (declare (type single-float sum))

    (dotimes (r 1000)

      (dotimes (c 1000)

        (incf sum (aref a r c))))

    sum))

(time (sum-elts a))

(defun sum-elts (a)

  (let ((sum 0.0s0))

        (dotimes (r 500)

      (dotimes (c 500)

        (incf sum (aref a r c))))

    sum))

10.2 Avoid Generic Functions (Using Fast Operators)

(elt x 0)

(elt (the list x) 0)
;declaration

(first x)

(char x 0)

(aref x 0)

(svref x 0)

10.3 Avoid Complex Argument Lists

keywords are costly

optional, rest somewhat costly

guidline:


use keyword args as interfact to infrequently used functions


provide keywordless versions for places that need efficiency

(proclaim  '(inline key))

(defun key (&key a b (c 1) (d (sqrt a))) (*no-key a b c d))

(defun *no-key (a b c d)(list a b c d))

