
;;; (skex bina '(66 (11 22 33 44 66 66 77 88 99 1010) ) ) 

(: = bina ; ; ; binary-search using an internal array 
'(def-block ( x (a (1 10)) ) ;;; input 

(:= » 
(:= • 

( r ) ; ; ; output 
1) 
10) 

(loop lupl (unroll 10 no-back-Juap) 

))) 

(while (<= k a)) 
(do 

(:= J (// (+ k a) 2)) 
(lf (= x (a J)) (then (:= r J) (leave lupl J))) 
(lf (< x (a J)) (then (:= a (- J 1))) 
(else (:= k (+ 1 1))))) 

(result (:= r 0))) 

;;; (skex bin '(66 11 22 S3 44 65 66 77 68 99 1010 ) ) 

(:= bin ; ; ; w/o array 
• (def-block ( x al a2 a3 a4 a5 a8 a7 aS a9 alO) ; ; ; inpnt 

(:= r 
(lf (= 
(else 

)) 

( r ) ;;; output 
-1) 
x a6) (then (:= r 5)) 
(if (< x aß) (then ; ; ; x < aS 

(lf (= x a2) (then (:= r 2)) 
(else (lf (< x a2) (then ;;; x < a2 

(if (= x al) (then (:= r 1)) 
(else (:= r 0)))) 

(else (lf (= x a4) (then (:= r 4)) 
(else (lf (< x a4) (then ;;; a2 < x < a4 

(lf (= x a3) (then (:= r 8)) 
(else (:= r 0)))) 

(else (:= r 0)))))))))) ;;; a4 < x < a 

(else (lf (= x a7) (then (:= r 7)) ;;; a6 < x <? alO 
(else (if (< x a7) (then 

(lf (= x a6) (then (:= r 6)) 
(else (:= r 0)))) 

(else (lf (= x aO) (then (:= r 0)) 
(else (if (< x afl) (then 

(lf (= x a8) (then (:= r aS)) 
(else (:= r 0)))) 

(else (lf (= x alO) (then (:= r 10)) 
(else (:= r 0))))))))))))))) 

1 
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;*** Build the latest version of SKEX 

;*** 

(renprop 'loop 'build-lnfornatlon) ;*•* Get rid of Yale Loop Info. 

(:= »bulld-Bodule-llst* () ) 
(load •utilities:build) ;*** This must go first. 
(load *lnterpreter:bulld) 
(load "trace : build) 
(load 'Ideal-code-generator:build) 
(load 'dlophantine: build) 
(load 'flow-analysis : build) 

(:= »exp.build-aodule-llst* "( 
experiments:skex-optlona 
experiments :akex 
) ) 

(:= *build-aodule-list* (append »bulld-module-llst* *exp.bnlld-aodule-llst*) ) 

(build) 

1 
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o 
: : ; Convolution 

; ; ; (skex convoi 

(:= convoi ' 
(def-block ( N 

K 
(x 

with k weights 

convo-args) 

(1 128) 
(y (l 128) 
(v (1 32) 

( (y (l 128) 

(loop 

) 
) 
) ) 
) ) 

(Incr 1 froa 1 to n) 
(unroll 4) 
(do 
(loop 

(Incr J froa 1 
(unroll 8 fold-
(do 

(: = 

(:= convo-args 
•( 

64 
8 

(1.0 0.0 
1.0 0.0 
1.0 0.0 
1.0 0.0 
1.0 0.0 
1.0 0.0 
1.0 0.0 
1.0 0.0 

(0.0 0.0 
0.0 0.0 
0.0 0.0 
0.0 0.0 
0.0 0.0 
0.0 0.0 
0.0 0.0 
0.0 0.0 

to k) 

and 

• • a 
• • • 

vectors of length n 

'real' size 
'real* size 

of N (aax 128) 
of K (nax 32) 

-step-vara no-back-Juap no-exit-tests) 

(y i) (•$ (y i) 

3.0 4.0 
3.0 4.0 
3.0 4.0 
3.0 4.0 
3.0 4.0 
3.0 4.0 
3.0 4.0 
3.0 4.0 

0.0 0.0 
0.0 0.0 
0.0 0.0 
0.0 0.0 
0.0 0.0 
0.0 0.0 
0.0 0.0 
0.0 0.0 

(1.0 0.0 3.0 4.0 
1.0 0.0 3.0 4.0 

1.0 0.0 
1.0 0.0 
1.0 0.0 
1.0 0.0 
1.0 0.0 
1.0 0.0 
1.0 0.0 
1.0 0.0 

0.0 0.0 
0.0 0.0 
0.0 0.0 
0.0 0.0 
0.0 0.0 
0.0 0.0 
0.0 0.0 
0.0 0.0 

1.0 0.0 
1.0 0.0 

(** 

3.0 
3.0 
3.0 
3.0 
3.0 
3.0 
3.0 
8.0 

0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 

8.0 
3.0 

(w J) (x (-

4.0 1.0 0.0 
4.0 1.0 0.0 
4.0 1.0 0.0 
4.0 1.0 0.0 
4.0 1.0 0.0 
4.0 1.0 0.0 
4.0 1.0 0.0 
4.0 1.0 0.0 

0.0 0.0 0.0 
0.0 0.0 0.0 
0.0 0.0 0.0 
0.0 0.0 0.0 
0.0 0.0 0.0 
0.0 0.0 0.0 
0.0 0.0 0.0 

(• 1 J) 

3.0 4.0 
3.0 4.0 
3.0 4.0 
3.0 4.0 
3.0 4.0 
3.0 4.0 
3.0 4.0 
3.0 4.0 

0.0 0.0 
0.0 0.0 
0.0 0.0 
0.0 0.0 
0.0 0.0 
0.0 0.0 
0.0 0.0 

1)))))) ) ) ) ) ) 

1.0 0.0 3.0 4.0 
1.0 0.0 3.0 4.0 
1.0 0.0 3.0 4.0 
1.0 0.0 3.0 4.0 
1.0 0.0 3.0 4.0 
1.0 0.0 3.0 4.0 
1.0 0.0 8.0 4.0 
1.0 0.0 8.0 4.0) 

0.0 0.0 0.0 0.0 
0.0 0.0 0.0 0.0 
0.0 0.0 0.0 0.0 
0.0 0.0 0.0 0.0 
0.0 0.0 0.0 0.0 
0.0 0.0 0.0 0.0 
0.0 0.0 0.0 0.0 

0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0) 

4.0 1.0 0.0 
4.0 1.0 0.0 

3.0 4.0 
3.0 4.0 

1.0 0.0 3.0 4.0 
1.0 0.0 3.0 4.0) ) ) 

1 
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; Dotproduct 

; (SKEX D0TPR0D1 DDTPROD-ARGS) 
; (SKEX D0TPR0D2 DGTPROD-ARGS) 
; (SKEX D0TPR0D4 DOTPROD-ARGS) 
; (SKEX D0TPR0D6 DOTPROD-ARGS) 
: (SKEX (DOTPROD.UNROLL n) DOTPROD-ARGS) 

(:= dotprod-args 
•((6.0 5.0 6.0 5.0 

4.0 4.0 4.0 4.0 
3.0 3.0 3.0 3.0 
7.4 7.4 7.4 
7.4 7.4 7.4 
9.0 9.0 

7.4 

5.0 6.0 5.0 6.0 6.0 5.0 6.0 6.0 6.0 
4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0 
3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 
7.4 7.4 7.4 7.4 7.4 7.4 7.4 7.4 7.4 

7.4 7.4 7.4 7.4 7.4 7.4 7.4 7.4 7.4 7.4 7.4 
9.0 9.0 9.0 9.0 9.0 9.0 9.0 9.0 9.0 9.0 9.0 

8.1 8.1 8.1 8.1 8.1 8.1 8.1 8.1 8.1 8.1 8.1 8.1 8.1 8.1 
7.1 7.1 7.1 7.1 7.1 7.1 7.1 7.1 7.1 7.1 7.1 7.1 7.1 7.1 
7.0 7.0 7.0 7.0 7.0 7.0 7.0 7.0 7.0 7.0 7.0 7.0 7.0 7.0 

6.0 6.0 
4.0 4.0 
3.0 3.0 
7.4 7.4 

9.0 
8.1 
7.1 
7.0) 

(3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 
7.0 7.0 7.0 7.0 7.0 7.0 7.0 7.0 7.0 7.0 7.0 7.0 7.0 7.0 7.0 
7.4 7.4 7.4 7.4 7.4 7.4 7.4 7.4 7.4 
6.0 6.0 6.0 6.0 5.0 6.0 6.0 6.0 6.0 
4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0 
9.0 9.0 9.0 S.O 9.0 9.0 9.0 9.0 9.0 

7.4 7.4 7.4 7.4 7.4 7.4 
6.0 5.0 5.0 6.0 6.0 6.0 
4.0 4.0 4.0 4.0 4.0 4.0 
9.0 9.0 9.0 9.0 9.0 9.0 

8.1 8.1 8.1 8.1 8.1 8.1 6.1 8.1 8.1 8.1 8.1 8.1 8.1 8.1 8.1 
7.1 7.1 7.1 7.1 7.1 7.1 7.1 7.1 7.1 7.1 7.1 7.1 7.1 7.1 7.1 
7.4 7.4 7.4 7.4 7.4 7.4 7.4 7.4 7.4 7.4 7.4 7.4 7.4 7.4 7.4) ) ) 

(: = »dotprod.tempiate* * 

(def-block ( (a (1 135) ) 
(b (1 186) ) ) 

(tot) 

(:= tot 0.0) 
(loop (Incr u froa 1 to 135) 

(unroll »unroll*) 
(do 

(:= tot (•$ tot (*$ (a u) (b u) ) ) ) ) ) 
) 

(defun dotprod.unroll ( n ) 
(subst n '»unroll* «dotprod.template*) ) 

= dotprodl (dotprod.unroll l) ) 
» dotprod2 (dotprod.unroll 2) ) 
= dotprod4 (dotprod.unroll 4) ) 
= dotprodS (dotprod.unroll 5) ) 
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:; Really wide prograa Intended to break everything's H a l t s : 

.; ; (SKEX FAT) 

(:= fat •(def-block 
nil 
(BOO BOl B02 B03 B04 B06 B08 B07 BOB B09 
BIO 
B20 
B30 
B40 
B50 
B60 
B70 
B80 
B90 

Bll 
B21 
B31 
B41 
B61 
B61 
B71 
B81 
B91 

B12 
B22 
B32 
B42 
B52 
B62 
B72 
B82 
B92 

B13 
B23 
B33 
B43 
B63 
B63 
B73 
B83 
B93 

B14 
B24 
B34 
B44 
B54 
B64 
B74 
B84 
B94 

B16 
B25 
B35 
B46 
B56 
B66 
B76 
B86 
B96 

B16 
B26 
B36 
B46 
B56 
B66 
B76 
B86 
B96 

B17 
B27 
B37 
B47 
B57 
B67 
B77 
B87 
B97 

B18 
B28 
B38 
B48 
B68 
B68 
B78 
B8B 
B98 

B19 
B29 
B39 
B49 
B69 
B69 
B79 
B89 
B99 

) ; ; ; OUTPUTS! 

3.0 
3.0 
3.0 
3.0 
3.0 
3.0 
3.0 
3.0 
3.0 
3.0 
3.0 
3.0 
3.0 
3.0 
3.0 
3.0 
3.0 
3.0 
3.0 
3.0 

4.0))( 
4.0))( 
4.0))( 
4.0))( 
4.0))( 
4.0))( 
4.0))( 
4.0))( 
4.0))( 
4.0))( 
4.0))( 
4.0))( 
4.0))( 
4.0))( 
4.0))( 
4.0))( 
4.0))( 
4.0))( 
4.0))( 
4.0))( 

= B08(+$ 3.0 4.0))( 
= B18(+$ 3.0 4.0))( 
B B26(+$ 3.0 4.0))( 
= B36(+$ 3.0 4.0))( 
= B46(i-$ 3.0 4.0)) ( 
= B66(+$ 3.0 4.0))( 
= B6B(+$ 3.0 4.0))( 
= B76(+$ 3.0 4.0))( 
= B86(+$ 8.0 4.0))( 
- B96(+$ 3.0 4.0))( 
= BOl(+$ 8.0 4.0))( 
= Bll(+$ 3.0 4.0))( 
= B2l(+$ 3.0 4.0))( 
= B3l(+$ 3.0 4.0))( 
= B4l(+* 3.0 4.0))( 
= B5l(+$ 3.0 4.0))( 
= B6l(+$ 3.0 4.0))( 
= B7l(+$ 3.0 4.0))( 
= B8l(+* 3.0 4.0))( 
= B9l(+$ 3.0 4.0))( 

= B07(+$ 3.0 4.0))( 
= Bl7(+$ 3.0 4.0))( 
= B27(f$ 3.0 4.0))( 
= B37(+$ 3.0 4.0))( 
= B47(*$ 3.0 4.0))( 
= B67(+$ 8.0 4.0))( 
= B67(+$ 3.0 4.0))( 
= B77(+$ 3.0 4.0))( 
= B87(*$ 3.0 4.0))( 
= B97(+$ 3.0 4.0))( 
= B02(*$ 3.0 4.0))( 
= B12(+$ 3.0 4.0))( 
s B22(+$ 8.0 4.0))( 
= B32(+$ 3.0 4.0))( 
= B42(+* 3.0 4.0))( 
= B52(+$ 3.0 4.0))( 
= B62(+$ 3.0 4.0))( 
= B72(+$ 8.0 4.0))( 
B B82(+$ 3.0 4.0))( 
s B92(+$ 8.0 4.0))( 

= B08(+$ 3.0 4.0 
= Bl8(+$ 3.0 4.0 
= B28(+5 3.0 4.0 
= B38(+$ 3.0 4.0 
= B48(+$ 3.0 4.0 
= B5B(+$ 3.0 4.0 
= B68(+$ 3.0 4.0 
= B78(*$ 3.0 4.0 
= B88(+$ 3.0 4.0 
= B98(+$ 3.0 4.0 
= B03(+* 3.0 4.0 
= Bl3(+$ 3.0 4.0 
= B23(+$ 8.0 4.0 
= B33(+$ 3.0 4.0 
= B43(+$ 3.0 4.0 
= B63(+$ 3.0 4.0 
= B63(*$ 3.0 4.0 
= B73(+» 3.0 4.0 
= B83(+$ 3.0 4.0 
= B83(+$ 3.0 4.0 

)) 

1 
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= B06(*$ 
= B15(+$ 
= B26(+$ 
= B36(+$ 
= B45(+$ 
= B66(f$ 
= B66(+$ 
= B76(+$ 
= B85(+$ 
= B96(*$ 
= B00(+$ 
= B10(f$ 
= B20(+$ 
= B80(+J 
= B40(+$ 
s B60(+$ 
= B60(+$ 
= B70(*$ 
= B80(+$ 
= B90(+$ 



» FFT adpated fron "Introduction to Discrete Systens" by Kenneth Steiglltz 
* 
* See FFT.FOR and FFT1.FOR for some meaningful FORTRAN source. 

(SKEX FFT1 FFT-ARGS) 
(SKEX FFT2 FFT-ARGS) 
(SKEX FFT4 FFT-ARGS) 
(SKEX (FFT.UNROLL 8) FFT-ARGS) 
(SKEX (FFT.UNROLL 16) FFT-ARGS) 

(:= fft-args 
•( ( 0.000000 

0.923879 
-0.707107 
-0.382682 
1.000000 

-0.382684 
-0.707105 
32) ) 

0.382683 
0.707106 
-0.923879 • 
0.000000 
0.923879 
-0.707107 • 
-0.882682) 

0.707106 
0.382683 
•1.000000 
0.382684 
0.707106 
0.623880 

0.923879 
-0.000000 
-0.923879 
0.707107 
0.382682 
•1.000000 

1.000000 
-0.382663 
-0.707108 
0.923879 
-0.000001 
-0.923879 

Correct answer for FFT-ARGS: 

1 : 
2 : 
3 -
4 : 
6 = 
6 : 
7 : 
8 : 
9 -
10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 
32 

7.0430812E-7 
2.817241E-6 
15.9999099 
4.090138E-6 
2.66226867E-6 
1.5662B26E-6 
1.08658226E-8 
1.08684836E-8 
0.5268865E-7 
= 8.Ö607337E-7 
= 9.8726768E-7 
= 7.84804716E-7 
= 8.7512328E-7 
= 7.61604887E-7 
= 1.77594767E-7 
= 7.9946803E-7 
= 6.746058E-7 
= 7.99468266E-7 
= 8.868079E-7 
= 7.616044E-7 
= 6.7512319E-7 
= 7.6480476E-7 
= 6.936B097E-7 
= 8.8607311E-7 
= 9.5298869E-7 
= 1.0868484E-6 
= 1.08642147E-8 
= 1.66928223E-8 
= 2.68226836E-8 
= 4.06013764E-6 
= 16.9099992 
= 2.81724166E-6 

(:= *fft.template* ' 
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(def-block ( (s (1 256) ) 
n ) 

( (r (1 266) ) ) 

(declare fr (1 256) ) 
(declare fi (1 256) ) 

(loop (Incr i froa 1 to n) 
(unroll »unroll») 

(do 
= J (bit-reverse (- 1 1) n) ) 
= (fr i) (s (• J l) ) ) 
= (fi i) 0.0) ) ) 

(loop (step length froa 2 using (+ length length) while (<= length n) ) 
(do 

(loop (incr J fron 1 to n by length) 
(do 

(loop (incr 1 froa 1 to (// length 2) ) 
(unroll »unroll») 

(do 
(assert (>= 1 1 ) ) 
(assert (<= 1 (// length 2) ) ) 

(:= eajtr (cos (//$ (** (float (-11)) -6.283186) 
(float length) ) ) ) 

(:= eajtl (sin (//$ (*$ (float (-11)) -6.263186) 
(float length) ) ) ) 

= loci (• 1 (- J 1) ) ) 
= loc2 (• loci (// length 2) ) ) 
= zr (-$ (*$ eajtr (fr loc2) ) (*$ eajtl (fi loc2) ) ) ) 
= zl (+$ (•* eajtr (fl loc2) ) (*$ eajtl (fr loc2) ) ) ) 

(fr loc2) (-$ (fr loci) zr) ) 
(fl loc2) (-$ (fl loci) zi) ) 

(•$ (fr loci) zr) ) 
(+$ (fi loci) zl) ) 

) ) 
) ) 

(fr loci) 
(fl loci) ) ) 

(loop (incr i froa 1 to n) 
(unroll »unroll*) 

(do 
(:= (r 1) (sqrt (•$ (*8 (fr i) (fr i) ) 

(•*, (fl 1) (fl 1) ) 

(defun fft.unroll ( n ) 
(sub8t n '»unroll* *fft.template») ) 

) ) ) ) ) 

(:= fftl (fft.unroll 1) ) 
(:= fft2 (fft.unroll 2) ) 
(:= fft4 (fft.unroll 4) ) 

;••• 
;*** Function for generating test values 



defun fft.gen-vals ( n ) 
(loop (initial result () ) 

(incr 1 fron 1 to n) 
(do 

(push result (sin (• (- 1 1) (// 3.14169 8.0) ) ) ) ) 
(result 

(dreverse result) ) ) ) 

3 
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Natural Log 

Using the Haclaurin Series for the natural log of x, we have two 
paraaeters, x (where 0 < x < 2 ), and k, the nuaber of terns sunned. 

(SKEX LN1 LN-ARGS) 
(SKEX LN2 LN-ARGS) 
(SKEX LN4 LN-ARGS) 
(SKEX LN20 LN-ARGS) 
(SKEX (LN.UNROLL n) LN-ARGS) 

(:= ln-args '(1.8 SO) ) 

(:= »In.template* ' 

(def-block ( x k ) ( log ) 
(:= y (-$ 1.0 x) ) 
(loop (unroll »unroll») 

(incr n froa 1 to k) 
(step n-real froa 0.0 

using (+$ n-real 1.0) ) 
(step numerator froa -1.0 

using (*$ numerator y) ) 
(step log froa 0.0 

using (+$ log (//$ nuaerator n-real) ) ) ) 

) 

(defun In.unroll ( n ) 
(subat n '»unroll* »ln.tenplate») ) 

(:= lnl (In.unroll 1) ) 
(:= ln2 (In.unroll 2) ) 
(:= ln4 (In.unroll 4) ) 
(:= ln20 (In.unroll 20) ) 

1 
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; Matrix Multiply 

; (SKEX HAMTUL1 MATHUL-ARGS) 
; (SKEX HAMTUL2 MATMUL-ARGS) 
; (SKEX HAMTUL4 MATMUL-ARGS) 

(:= Bataul-args 
'( (1.0 0.0 3.0 4.0 

2.0 2.0 0.0 0.0 
0.0 0.0 8.0 1.0 
0.0 0.0 0.0 0.0 
) ( 
4.0 4.0 4.0 4.0 
3.0 3.0 3.0 3.0 
2.0 2.0 2.0 2.0 
1.0 1.0 1.0 1.0) ) ) 

(:= »matmul.template* * 
(def-block ( (a (1 4) (1 4) ) 

(b (1 4) ( 1 4 ) ) ) 
( (p (1 4) ( 1 4 ) ) ) 

(loop (Incr u froa 1 to 4) 
(do 

(loop (Incr v froa 1 to 4) 
(unroll »unroll») 

(do 
(:= SUB 0.0) 
(loop (Incr 1 froa 1 to 4) 

(unroll 4 no-back-Jump) 
(do 

(:= ana (+8 sua (»$ (a u 1) (b 1 v) 
(:= (p u v) sun) ) ) ) ) 

) 

(defun nataul.unroll ( n ) 
(subst n '»unroll* «nataul.teaplate*) ) 

(:= nataull (aataul.unroll 1) ) 
(:= aatnul2 (aataul.unroll 2) ) 
(:= aatBul4 (aatnul.unroll 4) ) 

) ) ) ) ) 

1 
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Silly Tiny-Lisp test program to find the nax of 16 nuabers using a tree of 
comparisons. The 16 is VERY hardwired Into this. This was chosen to get 
a lot of milage out of the bookkeeper and nake it likely that paths other 
than the main will be exercised... This is really pathological and ought 
to stand a good chance of breaking the compactor. 

(SKEX MAX HAX-ARGS) 

(:= aax-args ' ( ( 18 15 14 13 12 11 10 9 8 7 6 6 4 3 2 1) ) ) 
(:= aax-argsl ' ( ( 1 0 1 1 1 2 2 2 2 3 3 3 3 4 4 4 4 ) ) ) 
(:= aax-args2 ' ( ( 1 1 1 1 2 2 2 2 3 3 3 3 4 4 4 4 0 ) ) ) 
(: = aax-args3 ' ( ( 1 1 1 1 2 2 2 20 20 3 3 3 1 1 1 1 ) ) ) 

(:= aax * 
(def-block ( (a 16) ) 

( aax ) 

(:= aaxO (lf (> (a 0) (a 1) ) 
(then (a 0) ) 
(else (a 1) ) ) ) 

(:= aaxl (lf (> (a 2) (a 8) ) 
(then (a 2) ) 
(else (a 8) ) ) ) 

(:= aax2 (lf (> (a 4) (a 6) ) 
(then (a 4) ) 
(else (a 6) ) ) ) 

(:= aax3 (lf (> (a 6) (a 7) ) 
(then (a 6) ) 
(else (a 7) ) ) ) 

(:= aax4 (lf (> (a 8) (a 0) ) 
(then (a 8) ) 
(else (a 9) ) ) ) 

(:= naxS (lf (> (a 10) (a 11)) 
(then (a 10)) 
(else (a 11)) ) ) 

(:= aax6 (if (> (a 12) (a 13)) 
(then (a 12)) 
(else (a 13)) ) ) 

(:= aax7 (lf (> (a 14) (a 16)) 
(then (a 14)) 
(else (a 15)) ) ) 

(:= aax8 (if (> aaxO maxl ) 
(then aaxO ) 
(else aaxl ) ) ) 

(:= Baxfl (lf (> aax2 aax3 ) 
(then nax2 ) 
(else naxS ) ) ) 

(:= aaxlO (lf (> aax4 naxS ) 

1 
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(then aax4 ) 
(else aax5 ) ) 

[:= aaxll (if (> aax6 nax7 ) 
(then nax6 ) 
(else nax7 ) ) 

:= aaxl2 (if (> naxS aaxO ) 
(then aax6 ) 
(else aaxO ) ) 

: = naxl3 (if (> naxlO naxll) 
(then naxlO) 
(else naxll) ) 

:= aax (lf (> aaxl2 aaxl3) 
(then Baxl2) 
(else aaxl3) ) 
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1 
;;; Uses sieve to find prlaes fron 1-100. Should have very 

; PRIHE 

; Uses a selve to calculate the primes between 1 and 100. 

; (SKEX PRIME1) 
; (SKEX PRIME2) 
; (SKEX PRIME4) 
; (SKEX (PRIME.UNROLL N) ) 

(: = »prime.template* * 

(def-block () 
( list-length 
(list (1 SO) (Initial 0) ) ) 

(declare p (1 100) (initial 0) ) 

(loop (incr j froa 2 to 10) 
(do 

(assert (>= j 2) ) 
(assert (<= j 10) ) 
(loop (incr k froa j) 

(unroll »unroll») 
(while (<= (• J k) 100) ) 

(do 
(:= (p (• J k) ) 1) ) ) ) ) 

(:= list-length 0) 
(loop (incr 1 froa 1 to 100) 

(unroll «unroll*) 
(do 

(lf (= (p 1) 0) (then 
(:= list-length (• 1 list-length) ) 
(:= (list list-length) 1) ) ) ) ) 

) 

(defun prlae.unroll ( n ) 
(snbst n '«unroll* «prlae.teaplate«) ) 

(:= prlnel (prlae.unroll 1) ) 
(:= priae2 (prlne.unroll 2) ) 
(:= prlae4 (prlae.unroll 4) ) 

little coapactlon. 

1 
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Top Level Driver for SKeduling EXperlnents. 

(defvar «skex.code« () ) ;*** The aost recent tiny-lisp source code, 
(defvar «skex.actual-paraas« 0 ) ;*«« The aost recent actual paraaaters. 
(defvar «skex.seq-naddr-unoptlalzed« () ) 

;««« The most recent sequential naddr 
;*** froa «SKEX.CODE*. 

(defvar *8kex.seq-naddr-optlnlzed* 0 ) 
;*** Optlalzed version of the above, 

(defvar *skex.par-naddr* () ) ;*** The aost recent parallel naddr. 
(defvar «skex.timed-functions* () ) 

;*** List of functions to be tlaed. 

(defvar »int.operation-count») ;*«* Froa INTERPRETER, 
(defvar «Int.Instruction-count«) ;*** Froa INTERPRETER. 

(defvar *nunber-of-banks«) ;*«* Nunber of memory banks. 

(declare 
(lexpr tiae-functions) 
(lexpr options.print) 
(lexpr coapile-tiny-lisp) 
(lexpr print-functlons-tlaes) 
(lexpr Interpret) 

;•*• 
;*** Options. Do (OPTIONS.HELP) for a description of each option and its 
;*•* current value. 
;*•• 

(declare (special ;*** Froa SKEX-OPTIONS 
«skex.tiae-functions?« 
«skex.elialnate-conaon-subexpressions?» 
«skex.nove-loop-invariants?« 
«skex.dlsaabiguator-tool?* 
«skex.coapact?« 
) ) 

(options.reset) 

(:= «skex.timed-functions* '( 

coaplle-tlny-llsp 
Interpret 
fg.analyzeeoptinize 
conpact 

bookkeep 
generate-code 

fg.naddr-to-flow-graph 
fg.collect-naaes 
fg.set-reachlng-def 8 

1 
PS :<C.S.BULLDOG.EXPERIMENTS>SKEX.LSP.17 

f 

fg.set-llve-nanes 
fg.8et-doninator8 
fg.find-loops 
fg.set-loop-invariants 
fg.aove-loop-invariants 
fg.elialnate-coBBon-subexpre88ions 
fg.Insert-loop-assignments 
fg.dis anblguator-tool 

predecessors 
Btat: index-derivation 

de : possibly-equal? 

;*** 
;*** Run a complete experiment on some Tiny Lisp code with some actual 
;*** paraaaters. 
;*** 

(defun skex ( «optional (code «skex.code*) 
(actual-paraas «skex.actual-paraas*) ) 

(skex.Initialize) 

(:= »skex.code* code) 
(: = »skex.actual-paraas* actual-paraas) 

(asg 0 t (e (options.print) ) 0 t) 

(unwlnd-protect 
(let () 

(if »skex.time-functions?» (then 
(apply 'tiae-functions »skex.tlaed-functlons*) ) ) 

(:= «skex.seq-naddr-unoptlalzed* 
(coaplle-tlny-llsp «skex.code«) ) 

(:= «skex.seq-naddr-optlnlzed* 
(fg.analyzeeoptinize «skex.seq-naddr-unoptlalzed«) ) 

(lf «skex.coapact?« (then 
(:= «skex.par-naddr* 

(alB->pnaddr 
(conpact *8kex.8eq-naddr-optlalzed*) ) ) ) 

(else 
(: = «skex.par-naddr* «skex.seq-naddr-optlalzed«) 
(:= «skex.seq-naddr-optlalzed* *skex.seq-naddr-unoptinlzed*))) 

(skex.run-prograaa) 

(lf »skex.time-functions?* (then 
(nsg 0 t (e (print-functlon-tines) ) t) ) ) 

0 ) 
(if »skex.tlne-functions?* (then 

(apply 'untlme-functlons *skex.tlaed-functlons*) ) ) ) 
0 ) 

;*** 
;••* Initialize the SKEXlng world. This Is also useful for getting rid 
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;*** of unwanted data structures, pointers, etc. 
;*** 
(defun skex.initialize () 

(tr.initialize) 
(lnitlallze-code-generator) 
(fg.initialize) 
(de.Initialize) 

(:= «skex.code* 
(:= »skex.actual-paraas» 
(:= »8kex.aeq-naddr-unoptinlzed* 
(:= »skex.seq-naddr-optlalzed* 
(:= »skex.par-naddr* 

(let ( (old (gcgag t) ) ) 
(gc) 
(gcgag old) ) 

;*** 
:*** Run the sequential and coapacted code froa the last experiment but 
:*** with new actual paraaaters. 

(defun skex-agaln ( actual-paraas ) 
(:= «skex.actual-paraas* actual-paraas) 
f o V o r T*nti— «t»/\iM»oiiiii^ ^ 
(skex.run-programs) ) 

*»* 
*** Execute the sequential and coapacted code on the actual paraaaters 
*** (all saved away in the global variables), and print soae pretty 
*** statistics and the results of each execution. 
*** 

(defun skex.run-programs () 

(let ( (sequential-instructions 0) 
(parallel-instructions 0) 
(parallel-operations 0) 
(foraal-paraas 0 ) 
(output-vars () ) } 

(asg 0 t) 

(lf (== 'def-block (caar «skex.seq-naddr-optlmlzed*) ) (then 
(desetq (() foraal-paraas output-vars) (car *skex.8eq-naddr-optlalzed*) 

(Interpret «skex.seq-naddr-optlalzed« «skex.actual-paraas«) 
(:= sequential-Instructions «Int.operation-count«) 

(asg t t "Uncoapacted prograa results:" t) 
(int.print-progran-variables output-vars) 

(Interpret «skex.par-naddr« «skex.actual-paraas«) 
(:= parallel-operations «Int.operation-count«) 
(:= parallel-Instructions «Int.Instruction-count«) 

(nsg t "Coapacted prograa results:" t) 
(int.prlnt-progran-variables output-vars) 

(msg t "Uncoapacted Instructions = " sequential-instructions t) 
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(asg "Coapacted operations = " parallel-operations t) 
(sag "Coapacted lnstructons = " parallel-Instructions t) 
(nsg "Average # operations//cycle = " 

(// (flonun parallel-operations) (flonua parallel-instructions) ) 
t) 

(nsg "Unconpacted//conpacted = " 
(// (flonun sequential-Instructions) (flonun parallel-instructions)) 
t) 

0 ) ) 

;*** 
;*** Run a tiny lisp progran. 
;*** 
(defun 8kex.rnn-tlny-ll8p ( code «optional actual-parans ) 

(let ( (foraal-paraas () ) 
(output-vars () ) 
(naddr () ) 
(sequential-instructions () ) ) 

(asg 0 t) 

(:= naddr (coaplle-tlny-llsp code) ) 

(lf (== 'def-block (caar naddr) ) (then 
(desetq (() foraal-paraas output-vars) (car naddr) ) ) ) 

(Interpret naddr actual-paraas) 
(: = sequential-Instructions »int.operation-count») 
(asg 0 »int.instruction-count* " instructions." t) 
(BBg "Uncoapacted prograa results:" t) 
(lnt.print-prograa-variables output-vars) 
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SKEX OPTIONS 

This aodule contains the definitions of top level options dealing with 
the whole compiler (SKEX). 

(eval-when (coapile) 
(build '(utilities:options) ) ) 

(def-optlon »skex.time-functions?* () experiments: * 
If T then all the functions listed In »SKEX.TIME-FUNCTIONS* are timed and 
statistics printed out at the end of each SKEX run. 
") 

(def-optlon «skex.coapact?* t experiments: * 
If T then the NADDR prograa la compiled using trace-scheduling and the 
currently loaded codegenerator; the optimized sequential NADDR Is compared 
with the coapacted parallel NADDR. If () conpactlng Is not Invoked, and 
the TlnyLlsp generated NADDR is conpared with the optimized sequential 
NADDR. 
*) 

(def-optlon *nuaber-of-bank8* 8 experiments: " 
This variable contains the nunber of nenory banks to coapile for. 
") 
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; LU DECOMPOSITION SOLVER. FroB Foraythe ft Moler. 

; Given A ft b. solves Ax=b by decomposing A into L ft U, then solving the 
; easy resultant triangular systens Ly=b and Ux=y. L Is lower triangular. 
; U upper. 

; (SKEX S0LVE1 SOLVE-ARGS) 
; (SKEX S0LVE2 SOLVE-ARGS) 
; (SKEX S0LVE4 SOLVE-ARGS) 
; (SKEX (SOLVE.UNROLL 16) SOLVE-ARGS) 

(:= solve-args '( 
(8.0 1.0 
1.0 7.0 
1.0 1.0 
1.0 1.0 
1.0 1.0 
1.0 1.0 
1.0 1.0 
1.0 1.0 
1.0 1.0 
1.0 1.0 
1.0 1.0 
1.0 1.0 
1.0 1.0 
1.0 1.0 
1.0 1.0 
1.0 1.0 

1.0 1.0 
1.0 1.0 
0.0 1.0 
1.0 4.0 
1.0 1.0 
1.0 1.0 
1.0 1.0 
1.0 1.0 
1.0 1.0 
1.0 1.0 
1.0 1.0 
1.0 1.0 
1.0 1.0 
1.0 1.0 
1.0 1.0 
1.0 1.0 

1.0 
1.0 
1.0 
1.0 
3.0 
1.0 
1.0 
1.0 
1.0 
1.0 
1.0 
1.0 
1.0 
1.0 
1.0 
1.0 

1.0 
1.0 
1.0 
1.0 
1.0 
2.0 
1.0 
1.0 
1.0 
1.0 
1.0 
1.0 
1.0 
1.0 
1.0 
1.0 

1.0 
1.0 
1.0 
1.0 
1.0 
1.0 
0.0 
1.0 
1.0 
1.0 
1.0 
1.0 
1.0 
1.0 
1.0 
1.0 

1.0 
1.0 
1.0 
1.0 
1.0 
1.0 
1.0 
2.0 
1.0 
1.0 
1.0 
1.0 
1.0 
1.0 
1.0 
1.0 

1.0 
1.0 
1.0 
1.0 
1.0 
1.0 
1.0 
1.0 
6.0 
1.0 
1.0 
1.0 
1.0 
1.0 
1.0 
1.0 

1.0 
1.0 
1.0 
1.0 
1.0 
1.0 
1.0 
1.0 
1.0 
0.0 
1.0 
1.0 
1.0 
1.0 
1.0 
1.0 

1.0 
1.0 
1.0 
1.0 
1.0 
1.0 
1.0 
1.0 
1.0 
1.0 
1.0 
1.0 
1.0 
1.0 
1.0 
1.0 

1.0 
1.0 
1.0 
1.0 
1.0 
1.0 
1.0 
1.0 
1.0 
1.0 
1.0 
2.0 
1.0 
1.0 
1.0 
1.0 

1.0 
1.0 
1.0 
1.0 
1.0 
1.0 
1.0 
1.0 
1.0 
1.0 
1.0 
1.0 
4.0 
1.0 
1.0 
1.0 

1.0 
1.0 
1.0 
1.0 
1.0 
1.0 
1.0 
1.0 
1.0 
1.0 
1.0 
1.0 
1.0 
0.0 
1.0 
1.0 

1.0 1.0 
1.0 1.0 
1.0 1.0 
1.0 1.0 
1.0 1.0 
1.0 1.0 
1.0 1.0 
1.0 1.0 
1.0 1.0 
1.0 1.0 
1.0 1.0 
1.0 1.0 
1.0 1.0 
1.0 1.0 
0.0 1.0 
1.0 2.0) 

(2.0 7.0 3.0 6.0 6.0 6.0 2.0 3.0 7.0 2.0 1.0 5.0 8.0 4.0 0.0 8.0) ) ) 

(:= *80lve.teaplate* • 

(def-block ( (a (1 16) (l 16) ) 
(b (1 16) ) ) 

( (x (1 16) ) 
(ax (1 16) ) ) ;*** Ax should = b. 

(declare lu (1 16) (1 16) ) 
(declare ps (1 16) ) 
(declare scales (1 16) ) 

;*** Decomposition: Finds LU, the upper tri ft lower tri. 
;*** decoapostlon natrlcies combined. 
;*** 
;*** Initialize lu to a, scales to 1 over the absolute nax of 
;*•* the row, ps(i) to 1 
• 

(loop (Incr 1 froa 1 to 16) (do 

(:= (pa 1) 1) 
(:= norarow 0.0) 
(loop (Incr j froa 1 to 16) 

(unroll «unroll*) 
(do 
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(:= (lu 1 j) (a 1 J) ) 
(:= norarow (nax$ norarow (abs$ (lu 1 J) ) ) ) ) ) 

(if (!=$ norarow 0.0) (then 
(:= (scales l) (//$ 1.0 norarow) ) ) 

(else 

(esc (foraat t "~J{Slngnlarity in a row.") ) ) ) ) ) 

;*** Gaussian elimination with partial pivoting: 

(loop (Incr k froa 1 to (- 16 1) ) (do 
(:= biggest 0.0) 
(:= plvidx 0) 
(loop (incr 1 froa k to 16) 

(unroll »unroll») 
(do 

(:= size (*$ (aba$ (lu (ps 1) k) ) (scales (ps 1) ) ) ) 
(lf ( > size biggest) (then 

(: = blggeat size) 
(:= plvidx 1) ) ) ) ) 

(lf (=$ 0.0 biggest) (then 
(esc (fornat t "'^Singular matrix.") ) ) ) 

(lf (!= plvidx k) (then 
(assert (!= plvidx k) ) 
(:= J (ps k) ) 
(:= (ps k) (ps plvidx) ) 
(:= (ps plvidx) j) ) ) 

(:= pivot (lu (ps k) k) ) 

(loop (incr 1 froa (+ k 1) to 16) (do 
(:= ault (//$ (lu (ps i) k) pivot) ) 
(:= (lu (ps 1) k) ault) 
(lf (!=* ault 0.0) (then 

(assert (!= (ps 1) (ps k) ) ) 
(loop (incr j froa (• k 1) to 16) 

(unroll »unroll«) 
(do 

(:= (lu (ps 1) j) 
(-$ (lu (ps 1) J) (** ault (lu (ps k) J) ) ) ))))))))) 

(lf (=$ 0.0 (In (ps 16) 16) ) (then 
(esc (foraat t •-«Singular aatrlx.") ) ) ) 

;*«« SOLVE: Using the LU found in DECOMPOSE, solves the linear 
;*«* equation Ax=b. 
f 

(loop (Incr 1 fron 1 to 16) (do 
(:= dot 0.0) 
(loop (incr J froa 1 to (- 1 1) ) 

(unroll »unroll*) 
(do 

(:= dot (+t dot (•* (lu (ps 1) 1) (x j) ) ) ) ) ) 
(:= (x 1) (-$ (b (ps 1) ) dot) ) ) J 

(loop (deer l froa 16 to l) (do 
(:= dot 0.0) 
(loop (Incr J froa (+ 1 1) to 16) 
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(unroll «unroll*) 
(do 

(:= dot (+* dot (*$ (lu (ps 1) J) (x J) ) ) ) ) ) 
(:= (x 1) (//$ (-$ (x 1) dot) (lu (ps i) i) ) ) ) ) 

;*** For a check, we find Ax and see if it's equal to b... 

(loop (incr 1 froa 1 to 16) 
(do 

(:= tot 0.0) 

(loop (incr j fron 1 to 16) 
(unroll «unroll*) 

(do 
(:= tot (+$ tot (** (a 1 j) (x J) ) ) ) ) ) 

(:= (ax i) tot) ) ) 

) ) 

(defun solve.unroll ( n ) 
(8Ubst n '»unroll* «solve.teaplate*) ) 

(:= solvel (solve.unroll 1) ) 
(:= 80lve2 (solve.unroll 2) ) 
(:= 80lve4 (solve.unroll 4) ) 
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;(skex.run-tiny-llsp ins '(1 10 (6 3 4 6 2 1 10 0 8 7) ) ) 

(:= Ins 
•(def-block (h n (1 (1 10) ) ) 

( (1 (1 10)) ) 
(loop (incr J froa 2 to n) (do 

(:= key (1 J)) 
(:= k 

(loop lup (step 1 froa (- J h) using (- 1 h) 
while (> 1 0) ) 

(unroll 2) 
(do 

(if (<= (1 i) key) (then 
(:= (1 (+ h 1) ) (1 1) ) ) 

(leave lup 1) ) ) ) ) ) 
(:= (1 (+ k h)) key) 5 ) ) ) 

(:= ins 
'(def-block (h n (1 (1 10) ) ) 

( (1 (1 10)) ) 
(loop (Incr J fron 2 to n) (do 

(:= key (1 J)) 
(loop lup 

(step 1 froa (- j h) using (- 1 h) 
while (lf (> 1 0) 

(then (<= (1 1) key) ) 
(else 0) ) ) 

(result-live i) 
(unroll 2) 

(do 
(:= (1 t> h 1) ) (1 1) ) ) ) 

(:= (1 (+ 1 h)) key) ) ) ) ) 
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Square Root 

Using Newton's method. 

(SKEX SORTI '(15) ) 
(SKEX SQRT2 '(IS) ) 
(SKEX SQRT4 '(16) ) 
(SKEX SQRT10 '(16) ) 
(SKEX (SORT.UNROLL n) '(lö) ) 

(:= *sqrt.template* ' 
(def-block ( x ) ( zl ) 

(:= zl-lnlt (if (<= x 4.0) (then x) (else (//$ x 2.0) ) ) ) 
(loop 1 

(unroll »unroll«) 
(step zi-old froa x 

using zl) 
(step zl froa zl-lnlt 

using (-$ zi (//* (-$ (»* zl zl) x) 
(•$ zl zi) ) ) ) 

(while (>$ (-9 zi-old zl) 0.0000000001) ) ) 
) 

) 

(defun sqrt.unroll ( n ) 
(subst n '»unroll* »sqrt.template») ) 

= sqrtl (sqrt.unroll 1) ) 
= eqrt2 (sqrt.unroll 2) ) 
= sqrt4 (sqrt.unroll 4) ) 
= sqrtlO (sqrt.unroll 10) ) 

1 
PS :<C.S.BULLDOG.EXPERIMENTS>SQRT.LSP.2 



1 

;*** 
;*** This is designed to show off the variable folder. 
;*** 

;;; TRANSP0SE1 doesn't 

(comment ; ; ; Stuff me 

(skex.set-option 

(skex transposel 

endcoaaent) 

(:= transposel ' 
(def-block ( (a 

( (at 

do any unrolling at all 

please. 

'ellalnate-coBBon-

'( ( 
1.0 
2.0 
0.0 
0.0 

4.0 
3.0 
2.0 
1.0 
) ) 

(1 8) 
(1 8) 

(loop (incr u froa 
(do 

(loop (incr v 
(do 

(: = 

;**************** 
;•• 
:•• 

0.0 3.0 4.0 
2.0 0.0 0.0 
0.0 3.0 1.0 
0.0 0.0 0.0 

4.0 4.0 4.0 
3.0 3.0 3.0 
2.0 2.0 2.0 
1.0 1.0 1.0 
) 

( 1 8 ) ) ) 
( 1 8 ) ) ) 

1 to 8) 

fron 1 to 8) 

(at v u) (a 

subexpressions) 

1.0 0.0 4.0 4.0 
2.0 2.0 3.0 3.0 
0.0 0.0 2.0 2.0 
0.0 0.0 1.0 1.0 

4.0 4.0 3.0 4.0 
3.0 3.0 0.0 0.0 
2.0 2.0 3.0 1.0 
1.0 1.0 0.0 0.0 

u v)))))))) 

;•• TRANSP0SE2 does the unroll keywords to the hilt. 
;•• 
;•• 

(coaaent ; ; ; Stuff ne 

(skex.set-option 

(skex transpose2 

endcomment) 

(:= transpose2 ' 
(def-block ( (a 

please. 

•ellBlnate-coaaon-

•( ( 
1.0 
2.0 
0.0 
0.0 

4.0 
3.0 
2.0 
1.0 
) ) 

(1 8) 

O.O 8.0 4.0 
2.0 0.0 0.0 
0.0 8.0 1.0 
0.0 0.0 0.0 

4.0 4.0 4.0 
3.0 3.0 3.0 
2.0 2.0 2.0 
1.0 1.0 1.0 
) 

( 1 8 ) ) ) 

subexpressions) 

1.0 0.0 4.0 4.0 
2.0 2.0 3.0 3.0 
0.0 0.0 2.0 2.0 
0.0 0.0 1.0 1.0 

4.0 4.0 3.0 4.0 
3.0 3.0 0.0 0.0 
2.0 2.0 3.0 1.0 
1.0 1.0 0.0 0.0 

1 
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( (at 

(loop (Incr u 
(unroll 
(do 
(loop 

;»»»*»»»**»»»»»»» 
;** 

(1 8) ( 1 8 ) ) ) 

from 1 to 8) 
8 coapletely! no-

(incr v fron 1 to 
(unroll 8 complet« 
(do 
(:= (at vu) (at 

•back-junp fold-step-vars) 

8) 
ly! no-back-Jump fold-step-vars) 

I v)))))))) 

;** 
;** TRANSPOSES does unrolling without ny neat new keywords. No sense in 
;** unrolling the outer loop, traces won't go beyond. 
;** 

(coaaent ;;; Stuff me please. 

(skex.set-option 

(skex transposes 

endcoaaent) 

(:= transposes ' 
(def-block ( (a 

( (at 

(loop (incr « 
(do 
(loop 

;******«*««««**** 
;•* 
;*« 
;*« TRANSP0SE4 le 
;•• 

* elialnate-coBBon-

'( ( 
1.0 0.0 3.0 4.0 
2.0 2.0 0.0 0.0 
0.0 0.0 3.0 1.0 
0.0 0.0 0.0 0.0 

4.0 4.0 4.0 4.0 
3.0 3.0 3.0 3.0 
2.0 2.0 2.0 2.0 
1.0 1.0 1.0 1.0 
) ) ) 

(1 8) (18))) 
(1 8) (18))) 

froa 1 to 8) 

(incr v froa 1 to 
(unroll 8 ) 
(do 
(:= (at vu) (at 

-subexpressions) 

1.0 0.0 4.0 4.0 
2.0 2.0 3.0 8.0 
0.0 0.0 2.0 2.0 
0.0 0.0 1.0 1.0 

4.0 4.0 3.0 4.0 
3.0 3.0 0.0 0.0 
2.0 2.0 3.0 1.0 
1.0 1.0 0.0 0.0 

8) 

V)))))))) 

a silly attempt at doing a 12x12 transpose. What a fool. 

(coaaent ;;; Stuff ae please. 

(skex.set-option 

(skex transpose4 

•ellalnate-coBBon-

'( ( 
1.0 0.0 3.0 4.0 
2.0 2.0 0.0 0.0 
0.0 0.0 3.0 1.0 
0.0 0.0 0.0 0.0 

subexpressions) 

1.0 0.0 4.0 4.0 1.0 0.0 4.0 4.0 
2.0 2.0 3.0 3.0 2.0 2.0 3.0 3.0 
0.0 0.0 2.0 2.0 0.0 0.0 2.0 2.0 
0.0 0.0 1.0 1.0 0.0 0.0 1.0 1.0 
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4.0 4.0 4.0 4.0 4.0 4.0 3.0 4.0 4.0 4.0 3.0 4.0 
3.0 3.0 3.0 3.0 3.0 3.0 0.0 0.0 3.0 3.0 0.0 0.0 
2.0 2.0 2.0 2.0 2.0 2.0 3.0 1.0 2.0 2.0 3.0 1.0 
1.0 1.0 1.0 1.0 1.0 1.0 0.0 0.0 1.0 1.0 0.0 0.0 

4.0 4.0 4.0 4.0 4.0 4.0 3.0 4.0 4.0 4.0 3.0 4.0 
3.0 3.0 3.0 3.0 3.0 3.0 0.0 0.0 3.0 3.0 0.0 0.0 
2.0 2.0 2.0 2.0 2.0 2.0 3.0 1.0 2.0 2.0 3.0 1.0 
1.0 1.0 1.0 1.0 1.0 1.0 0.0 0.0 1.0 1.0 0.0 0.0 

) ) ) 

endcoaaent) 

(:= transpose4 ' 
(def-block ( (a (1 12) (1 12) ) ) 

( (at (1 12) (1 12) ) ) 

(loop (incr u froa 1 to 12) 
(unroll 12 completely! no-back-Juap fold-step-vars) 
(do 
(loop (incr v froa 1 to 12) 

(unroll 12 completely! no-back-Juap fold-step-vars) 
(do 
(:= (at vu) (au v)))))))) 

;*******»»***»»** 
;** 
;*« 
:** TRANSPOSES does the unroll keywords to the hilt, but not folding vars. 
;** 

;*• 

(comment ;;; Stuff ne please. 

(skex.set-option 'ellnlnate-coBBon-subexpressions) 
(skex transposes '( ( 

1.0 0.0 8.0 4.0 1.0 0.0 4.0 4.0 
2.0 2.0 0.0 0.0 2.0 2.0 3.0 3.0 
0.0 0.0 8.0 1.0 0.0 0.0 2.0 2.0 
0.0 0.0 0.0 0.0 0.0 0.0 1.0 1.0 

4.0 4.0 4.0 4.0 4.0 4.0 3.0 4.0 
3.0 3.0 3.0 3.0 3.0 3.0 0.0 0.0 
2.0 2.0 2.0 2.0 2.0 2.0 3.0 1.0 
1.0 1.0 1.0 1.0 1.0 1.0 0.0 0.0 
) ) ) 

endcoaaent) 

(:= transposes ' 
(def-block ( (a (1 8) (1 8) ) ) 

( (at (1 8) ( 1 8 ) ) ) 

(loop (incr u froa 1 to 8) 
(nnroll 8 coapletely! no-back-Juap ) 
(do 
(loop (Incr v froa 1 to 8) 

(unroll 8 coapletely! no-back-Junp ) 
(do 

3 
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Transitive Closure 

The result should be all l's. 

(SKEX TRCL TRCL-ARGS) 

(:= trcl-args ' ( ( 0 1 0 0 0 1 1 0 0 ) ) ) 

(:= trcl • 
(def-block ( (a (1 3) (13))) 

( (a (1 3) (13))) 

(loop (incr k fron 1 to 3) (do 
(loop (incr 1 froa 1 to 8) 
(do 

(lf (= (a 1 k) 1) (then 
(loop (incr J froa 1 to 3) 

(unroll 8 no-back-Junp) 
(do 

(lf (= (a k j) 1) (then 
(:= (a 1 J) 1) ) ) ) ) ) ) ) ) ) ) 

1 
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