3

::: (skex bina *(86 (11 22 33 44 55 68 77 88 00 1010) ) )

(:= bina ;;; binary-search using an internal array
*(def-block ( x (a (1 10)) ) ;:: imput
r ;i output
(:=x1)

(:= o 10)
(loop lupl (unroll 10 no-back-jump)
(while (<= k m))
(do
(:=3 (// (+xm) 2))
(12 (= x (a 1)) (then (:
(17 (< x (a {)) (then (:
(else (: i 1NN

(result (: ;

leave lupl 1)))
1))) P

——

M

::: (skex bin '(686 11 22 88 44 55 66 77 68 00 1010 ) )

:= bin ii: w/o array
*(def-block ( x al a2 a8 a4 a5 a8 a7 a8 ad al0) ;;; input
G - ;i: output
(:=r -1)

(1f (= x ab) (then (:=r 8))
(elase (12 (< x a5) (then ;;: x < ab
(1f (= x a2) (then (:=T 2))
(else (1f (< x a2) (then ;;; x < a2
(1f (= x at) (then (:=r 1))
(else (:=r 0))))
(elge (if (= x a4) (then (:=Tr 4))
(else (1f (< x a4) (then ;;; <
(12 (= x a3) (then (:= ))
(else (:= 1 0))))
(else (:=r 0)))))))))) ;i B4 < x <ab

(else (if (= x a7) (then (:=r 7)) ;;; ab < x <? al0
(else (1f (< x a7) (then
(12 (= x a8) (then (:= r 86))
(else (:=r 0))))
(else (11 (= x a0) (then (:=r 9))
(else (if (< x a0) (then
(1f (= x a8) (then (:= r a8))
(else (:=r 0))))
(else (if (= x a10) (then (:= r 10))
(else (:=r 0)))))))))))))))

R‘:

ad

))

1
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;#++ Build the latest version of SKEX
SEEE

(remprop 'loop ‘build-information) ;*+* Get rid of Yale Loop info.
(:= *build-module-list+ () )

(load 'utilities:build) ;##+ This must go firss.
(load 'interpreter:build)

(load "trace:build)

(load 'ideal-code-generator:build)

(load "diophantine:build)

(load *flow-analysis:build)

(:= sexp.build-module-1ists *(

experipents:skex-options

exgerilents:akax

)
(:= sbuild-sodule-list+ (append sbuild-module-1ist+ ¢exp.build-module-lists) )
(build)

1
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(max 128)

‘real* size of K (max 32)

; 'real” size of N

LR
.
e

.
.
.

)
)

)
)
)
)
1 8 fold-step-vare no-back-jump no-exit-tests)

G= (1) (+8 (1) (o3 (v ) (x(-C(+211)10000)))I)))

(x (1 128)

(y (1 128)
(v (1 82)
( (y (1 128)

K

(iner j from 1 to k)
args

(iner 1 from i to n)
(unroll 4)

(unrol

(do

(do

(skex convol convo-args)
(loop

(loop
"(

.i; Convolution, with k weights and vectors of length n.

(:= convel °*
(def-block ( N
(:= convo-

s

~
coooco0oo0o0QO

PR PP PP
ccoccocoo
o 0 0 0 0 0 03 00
ccooocoo00o
cocococcocoo
coocoooo0o0
S
cocooocooo
B R R
coocooo0o
o 0% 03 3 63 03 09 €0
e e
cococococooo
cooocoo0o0o0o
ot
cocooco0o0o00
O O
coooococoo
3 o0 03 03 0 03 09 )
ocoooooo0o0
cooococooco
eeoeneoa
) vl vt vl vl v vl v

oooo0oO000O0O

B R
coooocCQ
e 03 03 03 0 0 0 0
©ccocococoo
coccococoo
00000000

haba o Ko B B _ R _ K
St

ccoccoco00S
cocococooco
cococo0o000
cooccocoo
©9caQ9oc9
coccococo
cooocoocoo
coccocoooco
©egegQgece
coccoococoo
cooocoooo0
coccococooo
coooauooQ
cocccococco
cocococoocoo
ccoccoococo
©ocgeceQooe
coococoooo
©©ogQoocQ9Q
c00c0000
ccococococo
cocccocooco
0999090099
coocoocooo
©0oogQQQ99Q
cococoocoo
oeggQooQQ
cocococooco
©oo9ooQQ

00000000
00000000

0000000
~r
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(SKEX (DOTPROD.UNROLL n) DOTPROD-ARGS)

(SKEX DOTPROD2 DOTPROD-ARGS)
(SKEX DOTPROD4 DOTPROD-ARGS)
(SKEX DOTPROD& DOTPROD-ARGS)

(SKEX DOTPROD1 DOTPROD-ARGS)

; Dotproduct

~
COO0OYHYO~—0O

WM~ O
CO0OOCOHLTO~—~O

WM~ OMN~
COOSTO-=-O

M= =-D O~
COO0OHIO 0O

WHOr~2® M~
OC0O0OHHFO=—O

WD O~
COOYLFO~—~0O

L R T

DN~ D~M~
OO0O0OYFO~—-O

WO~ aAO~~
COOH PO ~~=O

DM~ 0 M~
OOOFFO -0

WO~ O~
O00OYHO~—0O

WOt DO~
COOFFO=w=O

BUWFO DO~

[=R-N-0 N N-E R N

NFD =D~

R-R-R-0 K N-R R X~

AP ND O
O~

O~
o

~

~

~
COYOOO =

M= DON~
COTOOO ™=

M=~ 0FDO ™~
COFOO0O

LBl ol B
COYOO0O~—a

OO DOI
OO<woOoCm~w
ONNOEO DN~
- X--X-ToRR ]

O~ FION
QO OO0 ==

D=~ FDO
COTOO0OO i

OO H DD~
OOYOOO——w

D=t DOt~
COFOO0O ™~

D~ OFDOMN
OCOYOO0OO——a

OO I~ 10 D~
OOFOCOO it

D~ DOMN
St

prod .unroll 4

(b (1 138) ) )
dotprods (dotprod.unroll &

(tot)

(:= tot 0.0)
(unroll #unrolls)

(:=tot (+$ tot (*$ (auw) (buw) ) ) )))

rod2 (dotprod.unroll 2
rod4 (dot

P
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(subst n ‘sunrolls sdotprod.templates) )

(loop (incr u from 1 to 188)
dotprodi (dotprod.unroll 1

dotp
dot;
.

(:= »dotprod.templates *
(def-block ( (a (1 185) )
(defun dotprod.unroll ( n )

.
.

PS
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; Really wide program intended to break everything's limits:
(SKEX FAT)

(:= fat '(def-block

nil

(BOO BO1 BO2 BO3 B04 BOS BO8 BO7 BO8 B0O9
B10 Bi1 B12 Bi3 Bi4 Bib5 Bi8 B17 Bi8 Bi1#8
B20 B21 B22 B23 B24 B25 B26 B27 B28 B29
B30 B31 B32 B33 B34 B35 B36 B37 B3s B3#
B40 B41 B42 B43 B44 B4b B46 B47 B48 B49
B50 Bb1 B62 B63 B64 B6b B68 B67 BE8 BbS
B60 B61 B62 B63 BG4 B85 B66 BB7 BB8 BEO
B70 B71 B72 B73 B74 B76 B768 B77 B78 B79
B80 B81 B82 B8B83 B84 B85 BB6 EB7 BB8 B89
B8O B91 BoZ B93 B94 BO5 BO6 BO7 BO8 BA9

) ::: OUTPUTS!

(:= BO5(+$ 3.0 4.0))(:= BO8(+$ 8.0 4.0))(:= BO7(+$ 3.0 4.0))(:= Bo8(+$ 3.0 4.0
(:= B15(+$ 8.0 4.0))(:= B18(+$ 3.0 4.0))(:= B17(+$ 3.0 4.0)) (:= B18(+$ 3.0 4.0
(:= B25(+$ 3.0 4.0))(:= B26(+$ 8.0 4.0))(:= B27(+$ 3.0 4.0)) (:= B28(+$ 3.0 4.0
(:= B35(+$ 3.0 4.0))(:= B36(+$ 3.0 4.0))(:= B37(+$ 3.0 4.0))(:= B38(+$ 3.0 4.0
(:= B45(+$ 8.0 4.0))(:= B46(+$ 8.0 4.0))(:= B47(+$ 8.0 4.0))(:= B48(+$ 3.0 4.0
(:= B65(+$ 8.0 4.0))(:= B66(+$ 8.0 4.0))(:= B57(+$ 8.0 4.0))(:= B68(+$ 3.0 4.0
(:= B65(+$ 8.0 4.0))(:= BBB(+$ 8.0 4.0))(:= BB7(+$ 3.0 4.0))(:= BEB(+$ 3.0 4.0
(:= B75(+$ 8.0 4.0))(:= B76(+$ 3.0 4.0))(:= B77(+$ 3.0 4.0))(:= B78(+$ 8.0 4.0
(:= B85(+$ 3.0 4.0))(:= BBe(+$ 8.0 4.0))(:= B87(+$ 8.0 4.0))(:= BBB(+$ 3.0 4.0
(:= Bo5(+$ 3.0 4.0))(:= Bo8(+$ 8.0 4.0))(:= BO7(+$ 8.0 4.0))(:= Bo8(+$ 3.0 4.0
(:= BOO(+$ 8.0 4.0))(:= BO1(+$ 8.0 4.0))(:= BO2(+$ 8.0 4.0))(:= BO3(+$ 8.0 4.0
(:= B10(+3$ 8.0 4.0))(:= B11(+$ 8.0 4.0)) (:= B12(+$ 3.0 4.0))(:= B13(+$ 8.0 4.0
(:= B20(+$ 8.0 4.0))(:= B21(+$ 8.0 4.0))(:= B22(+3$ 8.0 4.0)) (:= B23(+$ 3.0 4.0
(:= B30(+$ 8.0 4.0))(:= B31(+$ 8.0 4.0))(:= B32(+$ 8.0 4.0))(:= B33(+$ 3.0 4.0
(:= B40(+$ 3.0 4.0))(:= B41(+$ 8.0 4.0)) (:= B42(+$ 8.0 4.0)) (:= B43(+$ 3.0 4.0
(:= B50(+$ 3.0 4.0))(:= B51(+$ 3.0 4.0))(:= B62(+$ 3.0 4.0))(:= B63(+$ 3.0 4.0
(:= BeO(+$ 3.0 4.0))(:= BB1(+$ 8.0 4.0))(:= B82(+3 8.0 4.0))(:= B83(+$ 3.0 4.0
(:= B70(+$ 3.0 4.0))(:= B71(+$ 8.0 4.0))(:= B72(+3 8.0 4.0))(:= B73(+$ 8.0 4.0
(:= BBO(+$ 3.0 4.0))(:= B81(+$ 8.0 4.0))(:= BB2(+$ 8.0 4.0))(:= BA3(+$ 3.0 4.0
(:= BoO(+$ 8.0 4.0))(:= Bo1(+$ 8.0 4.0))(:= B92(+$ 8.0 4.0)) (:= Be3(+$ 3.0 4.0
)]
1

PS:<C.S.BULLDOG.EXPERIMENTS>FAT.LSP.1



) ) B

SRR
;#+» FFT adpated from “Introduction to Discrete Systems® by Kenneth Steiglitz (def-block ( (s (1 258) )
TRy n
:#*+ See FFT.FOR and FFT1.FOR for some meaningful FORTRAN source. ( (r (1 268) ) )
RkE
Jees (declare fr (1 258) )
;#*%% (SKEX FFT1 FFT-ARGS) (declare f£1 (1 258) )
;e%% (SKEX FFT2 FFT-ARGS)
;##% (SKEX FFT4 FFT-ARGS) (loop (incr i from 1 to n)
;#%% (SKEX (FFT.UNROLL 8) FFT-ARGS) (unroll *unrollx)
;#¢% (SKEX (FFT.UNROLL 18) FFT-ARGS) (do
ienn (:= § (bit-reverse (- 1 1) n) )
(:=(tr 1) (8 (+ ) 1)))
(:= fft-args (:= (£1 1) 0.0} ))
*( ( 0.000000 0.38268683 0.707108 0.923879 1.000000
0.923879 0.707108 0.382883 -0.000000 -0.382683 (loop (step length from 2 using (+ length length) while (<= length n) )
-0.707107 -0.9238798 -1.000000 -0.023879 -0.707108 (do
-0.382682 0.000000 0.382684 0.707107 0.923879 (loop (incr j from 1 to n by length)
1.000000 0.823878 0.707108 0.382882 -0.000001 (do
-0.8626884 -0.707107 -0.623880 -1.000000 -0.923879
-0.7071056 -0.882882) (loop (incr 1 from 1 to (// length 2) )
82) ) ¢ (unroll sunrolls)
do
; Correct answer for FFT-ARGS: (agsert (>= 1 1) )
3 (assert (<= 1 (// length 2) ) )
H 1 = 7.0430B12E-7
H 2 = 2,817241E-8 (:= enjtr (cos (//¢ (+$¢ (float (- 1 1) ) -6.288185)
3 8 = 15.9000000 (float length) ) ) )
; 4 = 4.000138E-8 (:= emjtd (sin (//$ (+$ (float (- 1 1) ) -6.268185)
. b = 2,56225867E-8 (float length) ) ) )
- 8 = 1.5602B26E-8 (:=1loct (+1(-31)))
z 7 = 1.08858228E-8 (:= loc2 (+ loci (// length 2) ) )
: 8 = 1.08584835E-8 (:= zr (-§ (*$ emjtr (fr loc2) ) (+$ emjti (f£1 loc2) ) ) )
: 0 = 0.5208B85E-7 (:= z1 (+8 (*$ emjtr (f1 loc2) ) (*$ emjti (fr loc2) ) ) )
H 10 = 8.0807337E-7 (:= (fr 1oc2) (-$ (fr loci) zr) )
3 11 = 0.87256768E-7 (:= (f1 loc2) (-$ (f1 loci) zi) )
; 12 = 7.84804716E-7 (:= (fr loc1) (+¢ (fr loci) zr) )
; 18 = 6.7512326E-7 (:= (f1 loci) (+$ (f1 loci) zi) ) ) )
s 14 = 7.681804887E-7 ) )
5 16 = 1.776047B7E-7 ) )
. 18 = 7.0048803E-7
H 17 = 6.74B5068E-7 (loop (incr i from 1 to n)
7 18 = 7,00468265E-7 (unroll #unrolls)
; 10 = 8.868070E-7 (do
: 20 = 7.818044E-7 (:= (r 1) (sqrt (+$ (*¢ (fr 1) (fr 1) )
: 21 = 8.7612310E-7 (o8 (£2 1) (212 1) ) ) ) ) ))
. 22 = 7.8480475E-7
H 23 = 5.036B09TE-7 )
: 24 = 8.0607811E-7 )
H 25 = 0,5208850E-7
: 28 = 1.08B58404E-8
3 27 = 1.08642147E-6
: 28 = 1.55928228E-8 (defun fft.unroll ( n )
: 20 = 2.58226836E-6 (subst n ‘sunrolls #fft.templates) )
: 80 = 4.00013754E-8
s 31 = 15.0000002 (:= £1t1 (fft.unroll 1) )
: 82 = 2.81724156E-8 (:= £2¢2 (fft.unroll 2) )
; (:= £2t4 (fft.unroll 4) )
Rl
;*#+ Function for generating test values
(:= #2ft.tonplates ° sene
1 2
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defun fft.gen-vals ( n )
(loop (initial result () )
(iner 1 from 1 to n)
(do

(push result (sin (* (- 1 1) (// 8.14150 8.0) ) } ) )
(result
(dreverse result) ) ) )

3
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; Natural Log

Using the Maclaurin Series for the natural log of x, we have two
; parameters, X (where 0 < x < 2 ), and k, the number of terns summed.

(SKEX LN1 LN-ARGS)
(SKEX LN2 LN-ARGS)

(SKEX LN20 LN-ARGS)
(SKEX (LN.UNROLL n) LN-ARGS)

E (SKEX LN4 LN-ARGS)
(:

= ln-args (1.8 30) )
(:= #ln.templates °

(def-block ( x k) ( log )
(:=y (-$1.0x) )
(loop (unroll #unrolls)
(incr n from 1 to k)
(step n-real from 0.0
using (+$ n-real 1.0) )
(step numerator from -1.0
using (#$ numerator y) )
(step log from 0.0
, using (+$ log (//$ numerator n-real) ) ) )
)

(defun 1ln.unroll ( n )
(subst n *sunroll+ +ln.templates) )

(:= 1n1 (ln.unroll 1) )
(:= 1n2 (1ln.unroll 2) )
(:= 1n4 (ln.unroll 4) )
(:= 1n20 (ln.unroll 20) )
;!
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: Matrix Multiply

: (SKEX MAMTUL1 MATMUL-ARGS)
: (SKEX MAMTUL2 MATMUL-ARGS)
: (SKEX MAMTUL4 MATMUL-ARGS)

-~
(1]
-]
»
cr
B
o
=
1
[
H
(-]
]

—NWe—OON
cooo~DOO!
ococooc oooo
~NWh OWOW
oooo oooo
~NWB OmO®
oooo oooo

—r
A
L

(:= spatmul.templates
(def-block ( (n (1 4)
(1 4)

( (p (1 4)

)
))
))
Eloop (incr u from 1 to 4)
do

(loop (incr v from 1 to 4)

@ (unroll #unrolls)

]

(:= sum 0.0)

(loop (iner 1 from 1 to 4)
t (unroll 4 no-back-juamp)
o

(:= sus (+$ sum (-t (aui) (biv))))))
=(puv)su))))

P~~~
-
o b o
N S N

)
)

(defun matmul.unroll ( n )
(subst n ‘sunrolls smatmul.templates) )

(:= matoull (matmul.unroll 1) )
(:= matnul2 (matmul.unroll 2) )
(:= patamul4 (matmul.unroll 4) )

o |
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Silly Tiny-Lisp test progran to find the max of 16 numbers using a tree of
; comparisons. The 16 is VERY hardwired into this. This was chosen to get
; & lot of milage out of the bookkeeper and make it likely that paths other
; than the main will be exercised... This 18 really pathological and ought
; to stand a good chance of breaking the compactor.

(SKEX MAX MAX-ARGS)

(then max4 )
(else max5 ) ) )

maxil (if (> max6 max7 )
(then max8 )
(else pax7 ) ) )

paxi2 (1f (> max8 nax® )
(then pax8 )

: (else max9 ) ) )
. := paxi3 (if (> pax10 maxit)
(:= pax-args ( (16 1514131211 109876564321))) (then max10)
(:=max-argst "( (10111222233334444))) (else maxi1) ) )
(:= max-args2 *((11112222833344440)))
(:=max-args3 "( (111122220203831111))) = gax (1f (> max12 pax18)
(then maxi2)
(:= pax ' (else max13) ) )
(def-block ( (a 18) )
( max )
(:=pmax0 (12 (> (a 0) (a 1) )
(then (a 0) )
(else (a 1) ) ) )
(:=paxt (12 (> (a 2) (a 8) )
(then (a 2) )
(else (2 8) ) ) )
(:=pax2 (12 (> (a 4) (a B) )
(then (a 4) )
(else (a 5) ) ) )
(:=nax8 (12 (> (a 8) (a 7))
(then (a 6) )
(elze (2 7) ) ) )
(:=nax4 (12 (> (a8) (a9))
(then (a 8) )
(else (a 9) ) ) )
(:= gaxb (1f (> (a 10) (a 11))
(then (a 10))
(else (a 11)) ) )
(:= paxé (if (> (s 12) (a 13))
(then (a 12))
(else (a 18)) ) )
(:= max7 (1f (> (a 14) (a 15))
(then (a 14))
(else (a 18)) ) )
(:= nax8 (if (> max0 maxl )
(then max0 )
(elss maxl ) ) )
(:= pax0 (if (> max2 max3 )
(then max2 )
(else max8 ) ) )
(:= max10 (1f (> max4 Baxb )
1
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)

;:: Uses sleve to find primes from 1-100. Should have very little compaction,

PRIME

’
.
.
»
.
"

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

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

(:= spripe.tepplates *

(def-block ()
( list-length
(118t (1 80) (initial 0) ) )
(declare p (1 100) (initial 0) )

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

(agsert (>= ] 2) )
(assert (<= § 10) )
(loop (incr k from j)
(unroll #sunrolls)
(vhile (<= (* § X) 100) )

o
G=(p(+3Xx))1)))))
(:= 1list-length 0)

(loop (incr i from 1 to 100)
(unroll sunrolls)

(d

(do
(12 (= (p 1) 0) (then
(:= l1st-length (+ 1 list-length) )
(:= (list list-length) 1) ) ) ) )

)

(defun prime.unroll ( n )
(subst n ‘'sunrolls sprime.templates) )

(:= primel (prime.unroll 1) )
(:= prime2 (prime.unroll 2) )
(:= prime4 (prime.unroll 4) )

1
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Top Level Driver for SKeduling EXperiments.

e weows we we

(defvar ¢skex.code* () ) ;*s+% The moat recent tiny-lisp source code.
(defvar #skex.actual-params* () ) ;##+ The most recent actual paranmaters.
(defvar #skex.seq-naddr-unoptimized+ () )

;#¢+ The most recent sequential naddr

;#+%  from *SKEX.CODE#.
(defvar *skex.seq-naddr-optimizeds () )

;*##+ Optinmized version of the above.
(defvar *skex.par-naddrs () ) ;*++ The most recent parallel naddr.
(defvar #*skex.tiped-functionss () )

;#*+ Ligt of functions to be timed.

(defvar #int.operation-counts) ;#¢% From INTERPRETER.
(defvar #int.instruction-count+) ;#*# From INTERPRETER.

(defvar snumber-of-bankss) ;#s+ Number of meaory banka.

(declare
(lexpr time-functions)
(lexpr options.print)
(lexpr compile-tiny-lisp)
(lexpr print-functions-tipes)
§1e:pr interpret)

1l

;#++ Options. Do (OPTIONS.HELP) for a description of each option and its
;#%#¢ current value.
R

(declare (special ;*#ss From SKEX-OPTIONS
sgkex.time-functions?*

sgkex.elininate-conmon-gubexpressions?s
sgkex.move-loop-invariants?s

sgkex.disanbiguator-tool?s

;a;a:.colpact?t

(options.reset)
(:= sgkex.timed-functions* *(

compile-tiny-liap
interpret
fg.analyzekoptinize
compact

bookkesp
generate-code

£g.naddr-to-flow-graph
fg.collect-nanes
fg.set-reaching-defs

fg.set-live-nanes
fg.set—-doninators

fg.find-loops
fg.set-loop-invariants
fg.move-loop-invariants
fg.elininate-conmon-subexpressions
fg.insert-loop-assignnents
fg.disanbiguator-tool

predecessors
gtat:index-derivation

i ma mE W e WA WA W wa W WA W We

}d;:poanlbly—eqnal?

211

;#%* Run a complete experiment on some Tiny Lisp code with some actual
sk para.nat.ers .

R 1l

(defun skex ( &optional (code spkex.codes)
(actual-parans ¢gkex.actual-parans+) )
(ekex.initialize)

(:= #skex.codes code)
(:= sskex.actual-params* actual-params)

(osg 0 t (e (options.print) ) O t)

(unwind-protect
(let ()

(1f eskex.time-functions?+¢ (then
(apply ‘time-functions *skex.timed-functionss) ) )

(:= »gkex.seq-naddr-unoptinizeds
(compile-tiny-1isp sskex.codes) )

(:= #gkex.seq-naddr-optinizeds
(fg.analyzekoptinize *skex.seq-naddr-unoptimizeds) )

(12 *skex.compact?s* (then
(:= sskex.par-naddr#
(ais->pnaddr
¢ (compact ¢skex.seq-naddr-optimizeds) ) ) )
elge
(:= #skex.par-naddr* sskex.seq-naddr-optimizeds)
(:= sskex.seq-naddr-optimizeds #skex.seq-naddr-unoptimizeds)))

(skex.run-prograas)

(1f e*skex.time-functions?s (then
(nsg 0 t (e (print-function-times) ) t) ) )

0

(1f sskex.time-functions?+ (then
& 5 (apply ‘untime-functions #skex.timed-functions#) ) ) )

T

;##+ Initialize the SKEXing world. This 18 also useful for getting rid
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;##* of unwanted data structures, pointers, etc.
sEEk

(defun skex.initialize ()
(vr.initialize)
(initialize-code-generator)
(fg.initialize)
(de.initialize)

*gkex.code#
*5kex.actual-paranss*
*gkex.geq-naddr-unoptinizeds
*skex.seq-naddr-optinizeds
*gkex.par-naddr#*

P T L e L]
IR
nonwnuwn
T L L L]
Tt Yt s Yt st
Tt St St e e

(let ( (old (gcgag t) ) )
T
ECEag 0

))

R
;**+ Run the sequential and COIPBCGOG code froam the last experilent but

;##¢ with new actual paramaters.
BTt

(defun skex-again ( actual-params )
(:= »skex.actual-parans* actual-paraes)
(skex.run-prograas) )

JhEE

;*#++ Execute the sequential and compacted code on the actual paramaters
;#s+ (all saved away in the global variables), and print some pretty
;##+ ptatistice and the results of each execution.

Rl :

(defun skex.run-prograas ()

(let ( (sequential-instructions 0)
(parallel-instructions ©
(parallel-operations 0
(formal-parass (
(output-vars (

(msg 0 t)

[
st Nt
Tt

(1f (== *def-block (caar ¢skex.seq-naddr-optimizeds) ) (then
(desetq (() formal-params output-vars) (car sskex.seq-naddr-optimizeds)

(interpret ¢skex.seq-naddr-optimized+ ¢skex.actual-paramgs)
(:= sequential-instructions #int.operation-counts*)

(nsg t t "Uncompacted prograa results:® t)
(int.print-progran-variables output~vars)

(interpret sskex.par-naddrs #skex.actual-paramss)
(:= parallel-operations sint.operation-count+)
(:= parallel-instructions #*int.instruction-counts)

(msg t "Compacted program results:® t)
(int.print-program-varisbles output-vars)

(nsg ¢ "Uncompacted instructions = " gequential-instructions t)

(nsg “Coppacted operations = " parallel-operations t)
(msg "Compacted instructons = ® parallel-instructions t)
(nsg “Average # operations//cycle = *
(;/ (flonum parallel-operations) (flonum parallel-instructions) )
t

(msg “Uncompacted//compacted =
({/ (flonun sequential-instructions) (flonum parallel-instructions))
t
0))
1aEs
;*#+ Run & tiny lisp program.
ihEE

(defun skex.run-tiny-11sp ( code &optional actual-params )

(let ( (formal-params 0)
(output-vars 0)
(naddr Q)
(sequential-instructions () ) )
(msg 0 )

(:= naddr (compile-tiny-lisp code) )

(1f (== ‘*def-block (caar naddr) ) (then
(desetq (() formal-params output-vars) (car naddr) ) ) )

(interpret naddr actual-paracs)
(:= sequential-instructions *int.operation-counts)

(msg 0 e+int.instruction-count+ ™ instructions." t)
(msg "Uncompacted progras results:® t)
E;n;.rrint—progral~variablea output-vars)

3
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SKEX OPTIONS

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

wa wE % owe we W wE wa

(eval-when (compile)
(build ‘(utilities:options) ) )

(def-option #skex.time-functions?* () experiments: *

If T vhen all the functions listed in *SKEX.TIME-FUNCTIONS# are timed and
statistics printed out at the end of each SKEX run.

")

(def-option #skex.compact?+ t experiments: *

If T then the NADDR program is compiled using trace—scheduling and the
currently loaded codegenerator; the optimized sequential NADDR 18 compared
with the compacted parallel NADDR. If () compacting is not invoked, and
the TinyLisp generated NADDR 1s compared with the optimized sequential
NADDR.

-

)

(def-option #number-of-banks+ 8 experiments: *
T?is variable contains the number of memory banks to compile for.
L]

1
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LU DECOMPOSITION SOLVER. From Forsythe & Moler.

Given A & b, solves Ax=b by decomposing A into L & U, then solving the
easy resultant triangular systems Ly=b and Ux=y. L 18 lower triangular,
U upper.

(SKEX SOLVE! SOLVE-ARGS)
(SKEX SOLVE2 SOLVE-ARGS)
(SKEX SOLVE4 SOLVE-ARGS)
(SKEX (SOLVE.UNROLL 18) SOLVE-ARGS)

mr wa Be B Be Mr e me Wa WA WS WE WA WL

(:= solve-args '(
(.0 1.01.01.01.01.,01.01.01.01.01.01.01.01.01.01.0
1.07.01.01.01.01.01.01.01.01.01.01.01.01.01.01.0
1.01.,09.01,01.01.01.01.01.01.01.01.01.01.01.01.0
1.01.01.04.01.01.01.01.01.01.01.01.01.01.01.01.0
1.01,01.01,083.01.01.01.01.01.01.01.01.01.,01.01.0
1.01,01.01,01.02.01.01.01.01.01.01.01.01.01.01.0
1.01,01.01.01.01.09.01.01.01.01.01.01.01.01.01.0
1.01,01.01,01.01.01.02.01.01.01.01.01.01.01.01.0
1.01.01.01.01.01,01.01.056.01.,01,01.01.01.01.01.0
1.01.01.01,01.,01.01.,01.01.08,01.,01,01,01.01.01.0
1.01.01.01.01.01.01.01.01.01.01.01.01.01.01.01.0
1.01.01.01.01.01.01.01.01.01.01.02.01.01.01.01.0
1.01.01.01.01.01.01.01.01.01.01.01.04.01.01.01.0
1.01.01.01.01.01.01.01.01.01.01.01.01.09.01.01.0
1.01,01.01.01,01.01.01.01.01.01.01.01.01.096.01.0
1.01,.01.01.01.01.01.01.01.01.01.01.01.01.01.02.0)
(2.0 7.0 3.0 6.0 8.0 6.0 2.0 8.0 7.0 2.0 1.0 5.0 8.0 4.0 9.0 8.0) ) )

(:= ssolve.templates ’

(def-block ( (a (1 18) (1 18) )

(b (118)))
((x (118))
(ax (1 18) ) ) ;#s% Ax should = b.

(declare 1lu (1 18) (l 18) )
(declare ps (1 18) )

(declare scales (1 18) )

;¢ss Decomposition: Finds LU, the upper tri & lower tri.
;*ss decompostion matricles combined.

‘tt‘

;¢#¢s Initialize lu to a, scales to 1 over the absolute max of
;##+ the row, ps(i) to 1

(looﬁ (incr 1 from 1 to 18) (do

(:= (ps 1) 1)

(:= normrow 0.0)

(loop (incr j from i to 18)
( (unroll #*unrolls)

do

=(uil})) (a1j)))
(:= normrow (max$ normrow (abs$ (lu il j§) ) ) ) ))

(12 ('=$ normrow 0.0) (then
(1 (:= (scales 1) (//$ 1.0 normrow) ) )
else

(esc (format t "~§Singularity in a row.®) ) ) ) ) )
;##+ Gaussian elimination with partial pivoting:
(1oop (incr k from 1 to (- 18 1) ) (do
(: biggest 0.0)
pividx 0)
(loop (incr 1 froa k to 18)
. (unroll #unrolls)
do

1ze (#$ (abs$ (lu (ps 1) k) ) (scales (ps 1) ) ) )
> size biggest) (then

bl t 8l
piﬁ%&g 1? §'; ))

(if (=$ 0.0 biggest) (then
(esc (format t “~§Singular matrix.®) ) ) )

(12 (!= pividx k) (then
(assert (1= pividx k) )

{ 8 k) )
‘= 8 s pividx) )
= (ps pi?idx) 1?

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

(loop (1ncr 1 from (+ k 1) to 18) (do
(:= mult (//$ (lu (ps 1) k) pivot) )
(:= (lu (ps 1) k) pult)
(17 (!=$ pult 0.0) (then
(assert (!= (ps 1) (ps k) ) )
(loop (incr j from (+ k 1) to 18)
¢ (unroll sunrolls)
do

(:= (1u (pas 1) J)
(-8 (lu (ps 1) §) (*$ mult (lu C(ps k) §) ) ) NN

(12 (=% 0.0 (1u (ps 18) 18) ) (then
(esc (format t "~§Singular matrix.®) ) ) )

;#*% SOLVE: Using the LU found in DECOMPOSE, solves the linear
;#*+ gquation Ax=b.

(loop (incr 1 from 1 to 18) (do
(:= dot 0.0)
(loop (incr § from 1 to (-1 1) )
(unroll sunrolls)

(:= dot (+8 dot (+$ (1u (ps 1) ) (x 1)) ) ) ) )
GE G 1) 68 O (e 33 ) dey 3 3 ) &4

(loop (decr 1 from 18 to 1) (do
(:= dot 0.0)
(loop (incr § froa (+ 1 1) to 18)

(do

1
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(unroll #unrolls)

(:= dot (+$ dot (#$ (lu (ps 1) §) (x 1) ) ) ) ) )
(:=(x1) (//$ (-3 (x 1) dot) (1w (ps 1) 1) ) ) ) )

(do

;#+¢+ For a check, we find Ax and see 1f it's equal to b...
(looﬁ (incr 1 from 1 to 18)
(do

(:= tot 0.0)

(loop (incr j from 1 to 18)
( (unroll sunrolls)
do

(:=tot (+$ tot (+$ (a1 )) (x 1)) ) )))
= (ax 1) tot) ) )
))

(defun solve.unroll ( n )
(subst n 'sunrolls sgolve.templates) )

(:= solvetl (solve.unroll 1) )
(:= solve2 (solve.unroll 2) )
(:= solve4 (solve.unroll 4) )

3
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; (skex.run-tiny-1isp 4ins *(1 10 (6 346211088 7) ) )
(:= ins
*(def-block (h n (1 (1 10) ) )
( (1 (1 10)))
(loop (incr § from 2 to n) (do
E:= :ey a1 n
(loop lup (step 1 from (- J h) using (- 1 h)
while (> 1 0) )
(unroll 2)
(do
(12 (<= (1 1) key) (then
(:;=Q(+n1)) Q1))
(else
(leave lup 1) ) ) ) ) )
(:=(1 (+xh)) key) ) ) ) )
(:= ins
*(def-block (h n (1 (1 10) ) )
( (1))
(loop (incr § from 2 to n) (do
(:= xey (1 J))
(loop lup
(step 1 from (- § h) wusing (- 1 h)
while (1f (> 1 0)
(then (<= (1 1) key) )
{else 0) ) )
(result-1live 1)
(unroll 2}
(do
(:= (1 (+h1)) (11))))
(:=(Q (+10h)) key) ) )))
1
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: Square Root
! Using Newton’s method.

; (SKEX SQRT1 °(15) )
(SKEX SQRT2 *(15) )
(SKEX SQRT4 '(18) )
(SKEX SQRT10 "(15) )
(SKEX (SQRT.UNROLL n) *(15) )

s mr ms wr maowa

(:= #sqrt.templates °
(def-block ( x) ( zi )
(:= z4-init (1f (<= x 4.0) (then x) (else (//$ x 2.0) ) ) )
(loop 1
(unroll sunrolls)
(step zi-old from x
using zi)
(step zi from zi-init
using (-% z1i (//% (-$ (*$ zi z1) x)
(+$ z1 21) ) ) )
(vhile (>$ (-$ zi-old zi) 0.0000000001) ) )

)

(defun sqrt.unroll ( n )
(subst n "sunrolls #*sqrt.templates) )

(:= sqrt1 (sqrt.unroll 1) )
(:= sqrt2 (sqrt.unroll 2) )
(:= sqrt4 (sqrt.unroll 4) )
(:= sqrt10 (sqrt.unroll 10) )
1
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( (at (1 8) (18)))
sk
:##% This 1s designed to show off the variable folder. (loop (incr u from 1 to 8)
bl Ennroll 8 completely! no-back-jump fold-step-vara)
do
:::; TRANSPOSE!1 doesn’t do any unrolling at all (loop (incr v from 1 to 8)
Eunroll 8 completely! no-back-jump fold-step-vars)
do
(comment ;;; Stuff me please. (:= (at v u) (a uv)))))))
(skex.set-option ‘eliminate-common-subexpressions) PRERTRRER R kbR kAR
ML
(skex transposel '( ( H
1.0 0.0 8.04.0 1.00.0 4.0 4.0 ;** TRANSPOSES does unrolling without my neat new keywords. No sense in
2.02.00.00.0 2.02.08.03.0 b unrolling the outer loop, traces won't go beyond.
0.00.03.01.0 0.00.02.02.0 b
0.00.00.00.0 0.00.01.01.0
(comment ;;; Stuff me please.
4.0 4.04.04.0 4.04.038.04.0
8.03.08.08.0 3.08.00.00.0 (skex.set-option ‘eliminate-common-subexpressions)
2.02,02.02.0 2.02.08.01.0
1.01.01.01.0 1.01.00.00.0 (skex transposed "( (
)) ) 1.0 0.0 3.0 4.0 1.00.0 4.0 4.0
2.02.00.00.0 2.0 2.038.038.0
endcomment) 0.00.038.01.0 0.00.02.02.0
0.00.00.00.0 0.00.01.01.0
(:= transposei °
(def-block ( (a (1 8) (18))) 4.0 4.0 4.0 4.0 4.0 4.0 8.0 4.0
((at (1 8) (18))) 8.03.08.08.0 3.03.00.00.0
2.02.02.02.0 2.02.08.01.0
(%oop (incr u from 1 to 8) )150 %.0 1.01.0 1.01.00.00.0
do
(loop (incr v from 1 vo 8)
(do endconment)
(:=(at vu) (auv)INN
(:= transpose3 "
IEESEANARSERRERES (def-block ( (a (1 8) (18)))
(et ( (at (1 8) (18)))
e
;#¢ TRANSPOSE2 does the unroll keywords to the hilt. (loop Eéncr u froa 1 to 8)
ML o
e (loop (incr v from 1 to 8)
(unroll 8 )
(coament ;;; Stuff me please. (do
(:= (at v u) (a u v)))))I)
(skex.get-option ‘elizinate-common-subexpressions)
IREERARERRERRRERE
(skex transpose2 '( ( L
1.00.08.04.0 1.00.0 4.0 4.0 Had
2.02.00.00.0 2.02.03.083.0 ;#+ TRANSPOSE4 18 a silly attempt at doing a 12x12 transpose. What a fool.
0.00,08.01.0 0.00.02.02.0 H
0.00.00.00.0 0.00.01.01.0 L
4.0 4.04.04.0 4.0 4.038.04.0 (comment ;;; Stuff me please.
8.08.08.08.0 8.08.00.00.0
2.0 2.02.02.0 2.02.03.01.0 (skex.set-option ‘eliminate-common-subexpressions)
1.01.01.01.0 1.01.00.00.0
3) ) (skex transpose4 *( (
1.00.083.04.0 1.00.04.04.0 1.00.04.04.0
endconment) 2.02.00.00.0 2.02.0383.08.0 2.02.08.08.0
0.00.08.01.0 0.00.02.02.0 0.00.02.02.0
(:= transpose2 * 0.00.00.00.0 0.00.01.01.0 0.00.01.01.0
(def-block ( (a (1 8) (18)))

1 2
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endcopment)

(:= transpose4 *
(def-block ( (a (1 12) (1 12) ) )
( (av (1 12) (1 12) ) )

(loop (incr u from i to 12)
Eunroll 12 completely! no-back-jump fold-step-vars)
do
(loop (inecr v from 1 to 12)
(unroll 12 completely! no-back-juap fold-step-vars)

(do
(:= (at v u) (a u v)))))))

SEFERRRERRRRRNES

JE%

i

;#» TRANSPOSES does the unroll keywords to the hilt, but not folding vars.
b

s

(comment ;;; Stuff me please,
(skex.set-option ‘eliminate-common-gsubexpressions)

(skex transposes '( (

1.00.08.04.0 1.00.0 4.0 4.0
2.02.00.00.0 2.02.083.038.0
0.00.08.01.0 0.00.02.02.0
0.00.00.00.0 0.00.01.01.0
4.0 4.04.04.0 4.04.038.04.0
3.08.03.08.0 3.08.00.00.0
2.02.02.02,0 2.02.08.01.0
)1io ;.0 1.01.0 1.01.00.00.0

endcopment)

(:= transpoaeb '
(def-block ( (a (1 8) (18)))
( (av (1 8) (18)))

(loop (imcr u from 1 to 8)
Egnroll 8 completely! no-back-juamp )
{+]
(loop (incr v from 1 to 8)
Ennroll 8 completely! no-back-jump )
do

(:= (at v u) (a u v)))))N))

3
PS:<C.S.BULLDOG.EXPERIMENTS>TRANSPOSE.LSP.1




’?%

; Transitive Closure
: The result should be all 1's.

(SKEX TRCL TRCL-ARGS)

(:=trel-args "( (010 001100)))

(:= trel *
(def-block ( (a (1 3) (18)))
((a(18) (18)))

(loop (incr k from 1 to 8) (do
Eloop (incr 1 from 1 to 38)
do
(12 (= (s 1 X) 1) (then
(loop (imcr § from 1 to 3)
(unroll 8 no-back-jump)

° (17 (= (a k ) 1) (then
G=(1ND1IIIIIIIIYD

(d

.
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