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An Extension of the Set Oriented Language SOL and Its
Application to Interval Analysis of Flow Graphs

Yasuniro SHIGEMATSUT and Suo Yosuipalt

SOL is one of the set oriented very high-level class languages designed and developed
for writing algorithms as computer programs in a simple and natural way. However, it
was not efficient for SOL to represent algorithms which manipulate complex data struc-
tures, such as directed graphs. This is caused by the fact that notations of multi-valued
functions were not included in its language specification. Restrictions of the notation of
set data forms were another problem. To solve these problems, we have introduced the
concept of correspondence relation into SOL. To be concrete, we have introduced cor-
respondence and inverse correspondence notations, arid also introduced several statements
for the definition and manipulation of correspondence relations. We have also introduced
a subrange form and a new set-builder form into set data forms. In this paper, the language
specification of extended SOL is provided in detail. Using extended SOL, we also show
that algorithms based on the interval analysis of flow graphs are able to be expressed
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as simple and efficient SOL programs.
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T &iis 3. @EEERR)  (ER~ER

2T, %#512, SOL k£ EEETH 2R D
WEEBATEC EiCE-T, CORBEAERERL
728 BRI, xS, BRISoRE, BXUMS
ERXE 2 OOMEREXZEBLHICROAN, &
275 72 RISEETERTES X gL (2
%, VBT, chETo SOL %#|H SOL, #3k
U7z SOL ##i3k SOL &IEE3:).

SOL @ “xfs” 12 SETL? @ multi-valued map &
RAUEETH 3. ULhL, SOL TREREHSDON
THICDOT BB ERELSDIRENTEZDICH
LT SETL Tit single-valued map, multi-valued
map HICEHRREERORE (mode EFEITNB) %8
FT B ERIE->TWA. mode [Tl base set EIE
SETHRITEALEET LT LG TEDLY, oA
SETL OEBHOEAE LTRIFEAB (FXPEHFXh
RIENBZCEBHFINEN). Likcd-T, SOL 0E
B EXGIE SETL @ map I, A 22 5 40
ERECBVTEIVERKRTHEENZ 5. T2, BER
LRSI H T BRI SETL IiZEE LR,

JEiE SOL Tid, MISIMEOBADENIC, EAD
FHEAE U CHBEEEROBA L WAL EO IR
Zfr-te. g, BR GG OBEALKRELD
(A E R L D) BEENO IS TER (WI5) B
BANOEE 2P Ui, COM, #EEAogEe
2Tt (HBEER).

SOL 0 EEMABHOILEIC &L, SOL EEMLE
FRIEDVTHEE - IRETo7c. Z0EZT DRI,
MDA T ERETF — 2 BEOEE &S EE
X3 EDMBDEIN, EAREOHRICHE S MEDE
i, PRI —FTHB Sa— FoBEMn, WNHF—2#
BEOEREL I VOBEDMEOBN LETH
%10)_

AT, #E SOL OEEAKICDVTHR~NS
Eikic, 7a—23 DA ¥ E = VEHADIS FEF
ZBUT, #3E SOL 237 u—2"5 7 0REREH &M
BEHEDETIH SOL K EBENTHB C EERT.

2. #i3E SOL nEEMH#

2.1 £{ORBER
FERKROS5BYOEATRIING. DI B,
HEREEERXNEANEER 2R3 F BN LEEXTH
3

(S IEFK) {5 -4

(warkl) FEXRER
(mare) (KiFERX - wmEl)
(FERAFH) 2

AL (tabular form) i3, EAOEREFIBT
250TH%. HALELROELKL, BRHI 2
XEHTRINER S, BRI, TEEEN e
R OFRXELE. HEER (set-builder form) 1
i3, WEXDEEZBETIHBEROEOES % B
T NEER 21, RERLEBETIHEEEROEK
DOTREFEL, ROBEOESEET. MUTFrepz
R
(AERR) {1,8,6,7,8}, {m+n, m—n, mxn}
(WHEEER) {(-10~10}, {2~z
(Raxkl) {z & {1~100} |  mod 3=0}
(Ra®2) {mxn|me 2~T}, ne {2~25},

mxn <51}

2.2 B e

2.2.1 BEgoE#Hk

ERICBLTR, ZORHEF KOO TEKENE—
EEBRTE X HIWPAMBERLINZ /2.

EREEETIBAIR, RIKRPKIiT, 5L
DIERAELRES L EAEYORTEE LTHhRIE
oW (UTF, HiclibS20WED DR FiR, C
DEXTEEINTVEET3B).

var D : setof integer;
R : setof string;
map f : D—R;

LZT fid, BREARER D 2REALL, X
FIRATER R AREALTIERE LTEES
nTHa. coEE, BR Fid defmap X, KA,
23, ATIBBODThLERAOTERTE 3. 4
BIRICRNT.

(1) detmap f(1)="one”

(2) fe1il1, one”], [2 "two”], [3, "one”]}

(8) read(f) 7ziZ read (“filename”, #)
(1)D defmap i, chExTERUERTHY, 1
& 7one” DHICERBRBEHRINS. (2)ORAX
T, hF TRADOAELICE B EAOBRESK
ZELCERLTWE®. UL, BRRIEEROE
REBOMELSTETOBERTHZEMD, #X
PEELC2HMOEAEHMELTIREEL C &
L. (3)DHIZERERANNS, BERIT7 740
filename » 5, FNEFNEBRT— 4% FiIcAHT 5.
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B SOL i3, EBRERANKCL-TERT 55
& ERBOBRIBOMIT, &x, BEEIKES
KEENTOBTNEBSBOERELTVEY. &
Nnid, B EREEXOETICE » THEAPRE
APEFEINLVIDIELLHRTH 7. L
L, BEROBRESETHERS i, KREAIER
BT B EERME-TT BT 7 LBTRICIESL
L, BXU, MBEAPKREAVEETEIHBHRAV
FVBEAMH B EREND, R SOL TH, T
HEBZHET 32 &icLic, LT, (2)YDFRA
XOEFHCIHES L READELEHT LRI
Q1totz. (1)&(3)DHBAS, FAROBHLLEE
LEREADEEEHRLUTE S BERB,

2.2.2 EBOEE

B EHINLERL, ROVTNHOFETER
T& 5.

(1) defmap %, HRAX, ANBHICL2HER

(2) BESIHIRELSOBESR

defmap XL X B2 HEEBI CNETERALTHY,
BLicEES A ERBERE IR Lick, FionEREE
55T 59 RAXOWARICTRY.

(1-1) fe@ Fiid f—{ }

(1-2) fFe{01, "two”], [5, “five”l}

A-1) BERER f 2T RTHERSES. 2L, 1
4 D L&A R OEREMALEY. 1-2) & B
BB f AT NTHRSEc%, BE BREELE
89 5.

(2)DBEADOHAERICRYT. H1OWRET, ROX
2EFTTDHETS.

(2-1) De<D- {2}

(2-2) Re—R—{’one”

F11d Re{"two”, “three”}
(2-1) BIEELDPOEE2AMVBIRAXTS 5.

113 D«{1,8,4}

1 BEBRORM
Fig. 1 An example of mapping relation.

* M E, BEROBREARERBIK—BTAC LT
TW3 A8, SOL Tid map BE ShicBRIE LU
THHERTE30T, SOL MERRBZO—EEREL
730 (RO BFIAFEIN TN 3).

ZHCE B> T 205 "two’ ~NOEREHR S BT
2. L, "two” 2 R 0EFELEL LTES. (2-2)
BRELMHLER "one” #HIRTIRAXTHS. C
DESE, 18XV 4»5 Yone” ~DOEGERIHE
FHICTE R T 5.

i35 SOL T3, N BWEROBREATARERD
BA, RAX "NeM” t&->T NNM OERICH
TEEREROEESFEL, NUM-NONMOER
KRHEINTOERBROEIKREFET 5 (IHSOL
TIBIE LT WS o 7).

2.3 %t I

2.3.1 HEOEE

WS, BEROFEICL - THROS BICEERIN
Z. pr AT, 2.2.1 Hic B 5 map EERER (B
B4 f) OEETH B, Zhitk->TERDS BIC
s (HISE f*) 2EELLEREE. Tas3
LT F L frONThEFRT ML, EBIND
BRICE - TE 3. THRbDE, —HOBRREHRS &

& f A, SEOBFRERD L& fxE, K, K

A 3. 38, —HOMGIIEGRLEEKTSDT, &
DEER f & fx OLTRERAOT O E DL
(F72L, fIIRERDERELRT D, .f* BRESD
HAIEAERT).

2.3.2 MEOER

MISEFIE defmap XX, RAX, ANTBEHONTH
TEHTS. IRICAERT.

(1) defmap f*(1)= {"one”, two”}

(2) fre{[1, {"one”, "two”} ], [2, {"two™}],

[3, {"one”, “three”} ]}

(8) read(f*) F7i3 read (“filename”, f*)
(1) defmap Xic&-»T1& “one”, BLT1&
“two” OWISBFAMERINS. (2)DRAXICE -
TERINBHED S 57 2B 21CRYT. ZOMNIGHE
BIIBEROT, B S REERIOELS (§172
bbb, fOEER fx DEEOLDICFIHINIICT
EI).

2 Eofl

Fig. 2 An example of correspondence relation.
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2.3.3 MIEOEE

HIS, ROVTNHTEEINS.

(1) defmap X, RAX, AJEMIck2BEE%

(2) addmap 3Ciz & 2 HSEIEDEM

(8) delmap iz & 3 S ERDYIR

(4) BEAFILRKELCOHTR

RicHI%E R

(1-1) defmap f*(1)=0 F#iz { }

(1-2) defmap fx(1)={"one”, “three”}

(1-1) BREROBA LR, WSERELACHEY
260TH5. i, (1-2) © defmap XL, -7z
ARIEEBRENEE LR, WD THEEINHISEG
BERT B, Led-T, COXAEEFTEE, F2
OHIEERIR DL 5 IKEEINZ. KATICDN
TH, EROEFEOEL LAROKESELNS. &
R

(1-3)  fxe0 Flid fre{ }

(1-4)  f*<—{[3, {"one”, "two”} ], [5, {"five’ T}
(1-3) MG f* 29 NTEHRTZH0TEH 3. (1-
4) BSERETNTHBR L%, BEBET 200
Th5.

addmap X & delmap XO—iERXRIKDO L S
T ->THh 3,

addmap F(z%.) ==,
delmap f(=X ) ==,
¥/, chooxit, g«
defmap /(X o) =/* (R ) U R -
defmap fx (R o) =% (R o)~ &}
EEMTHE. DTt rig.

(2-1) addmap f(1)="three”

(3-1) delmap A1)="two”

ZhooXid, &%, RO defmap IiT
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MOX S ICEHT 3.

) Y dldeD, ref«d) %84

BERR, BERBINIMEDEEOLERE D
2, BHELE BEH T AEROLDKERTS.

SHr): fx7Ur) D1 D0ERAET

2.5 EfgidisansR

ROV TERE, 3ick BEGLEIOWHE
BEBRTEE, 2heh, CRBOERLEROE
KRB DHES, ERBOERLEROBRES (R)
DHER, HROBEREFHRBOEE (Hf) oMk
A HROBEE L FRBOERES (BR) ows
& ZET. K4, WSk EHEHSE0BRBOME
~Y

8. AV —NIVBFADIERE

3.1 A5 — NIRRT VT U X LD

TR, 7u—7"57 (flow graph) D4 v & —s
Jl/ﬁ@ﬁ (interval analysis) 702" ) X4, BLU, C
DTN Y XL FNTHNARLE 7 0 —2" 5 70
HIEFFZ ST 2Ff & % SOL THRT 3 M4 53

7R—=2373, FasirEHEORNICER
UTr7 574t Ll za—4"57 (Control flow

K3 R20ERICL>TESNIEBG
Fig. 3 New correspondence relation obtained
by a modification of Fig. 2.

ZLw.
defmap /*(1)=F*(1)U {"three”}
defmap /*(1)=f*(1)— {"two”}

LZd-T, R2ORET (2-1) & (3-
1) OXMIEXRETIN B, K3 o
BRICEEIN 3.

WBEE LRESDOHEEHICK 2 XGHEK
DEREL, 2.2.2 HTERNCEREROE
BERLHREbI5T.

2.4 HEH IS

E5D»5 RNOER fHNEEINT
WHEE, RS D~DHRE f+x! %

(FoosL)

program inverse;
var A,B : setof integer;
map f Ao B;

f* « {[1 {10,20}] [2 {20, 30, 40}1};
writeln(”
wrlteln("ft' = ft')
T+ « HU{[3,{10, 30 ]}.
writeln("f& =", f#)
\Cv'rlteln( it = ,ft’ B

en

(%R

¥ ={ 1{10 20}][2.{20 0, 401}]

f:'{[10. 1}1], 20{1. }3{30{2}] .{ }]}
Bo={0 1, {10, 2013 [ 2 {2, 30, 41}] { 10, 0}1}
f*‘-{[IO,{I.B}]-[Z) 1.2}1.[30, 2 313 0 {213}

B 4 g &SR goBBod
Fig. 4 An example of reference of correspondence name
and inverse correspondence name.
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graph) OWMREFNVTHB. 70—57
G i3Hi(node) DEA N, % (arc) DES
A BEXUADHE (entry node) s ® 3D
(N, 4,s) TEERINE. 4 v&2—rNid,
Tu—s57%, FONM—THEECEHLT
BENUI BT 5 7 CTHY, F—2 70—
37 (data flow analysis) WHFIHINE. GO
12084 h &d3&%E, ~v & (header)
% h ETEBAVE—rUL KR) IZRS (a)D
TS Y RATHERINEY. COERICK
- T, 70—=0357%4 V= CHET
BZraa ) AaPERS (b)itRy. K63,
Ja—57%, COTNVTYXLILKST
A4V R=NVBELIHTH B.
Ks5p7nmaY) Xa%s SOL TR UKT
175 AP ERITREER TIORT. K70
7a /5 sRTHERALTVSEF—212K6 D
7u—757THb 7u—7357GO¥
BRER N, 4, s i3, NTTRESEH N,
IS Ax, BEABEH s T, 4, EHIN

I(k) = {h} /* initially */

while 3 a node m such that me&I(h) A m#s N all arcs entering m
leave nodes in I (h) do

I(hy = I(H)U{(m)

endwhile

(a) A4 VE—-NVORERTIVIY) X4
(a) Algorithm for constructing an interval.

procedure FINDSINTERVALS(flow graph G=(N, 4,s5)}
sets H, /* set of potential header nodes */
+ L, /*set of intervals */

H = {s}
L =g
while H# g do

Select and delete a node & from H.
Compute I (k) from the definition of interval.
AddI(h)to L. /* Lisasetof sets.*/
Add to H any node that has a predecessor in J(h), but that is not already in
H or in one of the intervals of L.

endwhile

Qutput L.

return

(b) 7a—=57%AVE—NVEHETETIVTY XA
(b) Algorithm for partitioning a flow graph into
intervals using the algorithm of (a).

B5 7a9—5570D4YE—=r VGBEDOTVTY XL
(BER 2) KDHRK
Fig. 5 Algorithm for partitioning a flow graph
into intervals.

%, Ax ~OBHIORAXIKC L->TH6D7u—
57 MERING. T, 7u—r 5 7kBYAEE
%717H (immediate successor) & L EHELT
(immediate predecessor) H£&X, HIBEDA->TWH
BEHAE m ET5E Ax(m) & AxYm) T, &4,
FERTEXB. {5 (a)icBF 5544 "all arcs entering
m leaves nodes in I(h)” 1%, 5 "m OEBLITHIE
b Kh) OMIEETH B (Ax " m)SI(h))” &FEME
Thb. BB, NTHOEK max 35| &L IE
SOEREAEL, getel 35| EHKERIELDER
12T (BRIEADPLEIBRING).

7u—7357 G=(N, A, s) BELohic &%, K
O3 DODWEAFE D7 —r57% G OEHT v —
75 7 (derived flow graph) &S, I(G) THET?.

(1) IG) Offix G DA V2 —NVThH5A.

(2) 4vg—rinJ & K(J+K) KDNT, J
DHiP S K O~y F~ORBINIE, J i
WsT 5 LG) ofihs Kiexwisd 3 1(G)
OHI~DRVEFEET 5.

(3) IG) o ACOfZ Is) TH 3.

G(=Go) o EM 7 u—7"57 G(=1Go) %Rk
L, ¥5ic Gt oBiva—757 G(=IG) %
BRT3EOIFEEBOERT C &ic X b BHEF
(derived sequence) Go, G1, -G DS I B, T C

(=1}

12)= {2,3,4,5)

I(6)={6.7}

1(8)= (8.9}

1(10)= {10}

BM6 7u—35704 05 —=rnBEOH
Fig. 6 An example of interval partitioning
of a flow graph.
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T, [G)=G: THY, ZD&% G 3BR7a—4
5 7 (limit flow graph) EFEEN S, BRI v —2
5 7 BE—OEIRSRY, REBLBOEE, O
70— 5 73T (reducible) EIEITh 32,
K83, TR T v —2"5 7 DEHIEFEOH
Th 5.

BHR7e -5 7 %2BRT2F s, NT0
TuS G AEPETACETERTE 5. ®Y
ic, B 7 0 —7"5 7 OBHEFAHET
% SOL Fu/s 548D 7u—57 Go
EF-2ELTEIESOETREREERT. X
9ILBNT, BEEDRR, EHvao—2"35 70Hd»
BHIET B4 v E =D~y EOER{EEE
LTEBLDICE NS, FXx find_intervals T
i3, 41 vE2—rwERHETICECEHR 7 -7
57O (ZH n) 2D, n bd4 v E—rn
DO~y & (BH L) ~OEREEHLTHD (T
i, X defmap Dn)=h TREIN D). BH
7u—75708 n % NIKEINTRE "shb
N OFT_RTOHNDREIEET 2" E0H4 v
2 =V BIORIREMGSR O M8 185, £
D, 4 vz —r eI E2BRAT S
BRITEME "Ax Y m)#0” #BMLK. Fhs
generate_graph {3, BH T n s 5 7 OR A ERK
TE5H50TH5. BH7a—7 357 0OHjicHs
T54 v i —r it ID(f) TEINBDT,
DER EH m) OBEHERTHES (Ax(m) i
ik D~y & (DR) BBEEhihid j o kb~
DEREZERT S (Zhid, X addmap A(j)=% T
EHRINZ). HIOKRERN,S, R8o7n—7
57 Go POELL Bl 70 -5 7 EBHEF
DBHEINTHWB T ENbirb

3.2 |8 SOL & &

Z T, [BSOL &#ER SOL T 7 v —
75 7 % ERTBEROERETD. 7u -7
7OERBKBLT7 0 -5 7 DRRE LMEK
BOBCENTEL. MBOEANL O, &
TEEBITHOHE, RXoBIn. §k Hioe
n e BIRRIS ETh 5.

| SOL OEEMAKTE, 7u—7"7 73Hi%E
Sh o EERTHEAR (FRBESELTHES
B ~DOEREUTERAEI % B8h- 120
ZORATRRUIA V2 —NVEIR TS0 T 5 L
OFEE 10 iRd. K10 BT, N IIHE

&, NS BEERTHEARK B# succ RE4E A
RLUTW3. $i, EFLTEHEAIIEYR pred T3
HY 2. COERFEICE T 2 BELAR, pred X
LR FEREEBICERLBTNIELBNENSER

0 program find_intervals;
0 const  MAXNODE=10;

Ovar m h, i, s, last : integer;
N : setof integer; /% set of nodes
H: setof integer; /% set of potential header nodes */
I ¢ indexedset(1~MAXNODE) of setof integer;
% set of intervals ¥/
ap A N-N; /% set of arcs ¥/

R 11200, [2, 03,410, 03, £2,50). 4, (511, (5, 2,611,
[ A B G R e o,

s « 1; last « max(N);

SQOOOOOOO
o3

107 H & {s}; /% FIND INTERVALS t/
112 while H¥ & do

17 h e getel(H); /% Select and delete a node h ¥/
121 /% from H. 1/
121 « {h}; /% Compute I(h) from the ¥/
128 /% definition of interval. ¥/

128 while 3 (meN)( (mg I(h)) end (m#s) and (A% (m)cI(h)) ) do
163 I(h) « I(h) U {m}

17 od;
177 writeln("I(",h:2,"=", 1(h));
191 forall meI(h) do /% Add to H any node that has %/
égg dH « H U A+(m) /% @ predecessor in I(h), ¥/
od;

210 for i « s to last do /¥ but that is not already in ¥/
214 He H-I(1) /¥ one of the intervals, 1%
224 od
225 od
226 end.

I(N={ 11}

1(2)={ 2 3, 4 51}

1(6)={ 6 7}

I(8)={ 8 91}

1(10={ 10}

Used cells = 97

Bl 7 AY8—~VEFT a5 N ERITRER
Fig. 7 Interval analysis program written in SOL,
and its execution result,

Gy=1I(G,)

| S |

-
|
i
{
1
I
|
I
t
L

O,

R 8 MMTHERS 7 v 25 7 DEBIEFOH
Fig. 8 An example of the derived sequence of a
reducible flow graph.
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LOREXICMA THERBOATRRICIRSZET

% (BBETHEHETEDIR, RTO Ax(m)
RIREEH S m B ERTIEGFTELORIHNLT,
B 10 @ pred(m) BREADEER (£8) b5 m
AERLTOAEE SRV, HEKMEERT 5
DICEERTHEAK (NP) #8E L, B pred &
N 55 NP ~OERICESBRIZFELH B, C
NiE7o—7 57 OZEEFERICB 50T 2 fEE0ER
g (BB ZHREELTEEVIATPROA
Flicrs 5.

MBI - Y3, |H SOL Tid defmap &AW
TEFTES. 12 EAR3H p & ¢ ORICEREZEMN -
BT BICIRIROXER £, FEHATHIEIL.

defmap succ(p)=succ(p)U {g}
defmap succ(p)=succ(p)— {g}

0 program interval_order;
0 const  MAXNODE=100;

0 MAXLEVEL=10;
0 var s : indexedset (O ~ MAXLEVEL) of integer;
0 I : indexedset (1 ~ MAXNODE) of setof integer;
0 N : setof integer;
0 over : boolean;
0 level, last : integer;
8man ADiN=-N
0 procedure find_intervals(s : intege r);
8 \éar h, i, m n, last : integer; H : setof integer;
egin
0 last <« max(N); /% Remember the last node of a flow graph. ¥/
5 n « last;
8 He {sh
13 vhile H#® do
18 h & getel(H); .
22 n ety /% Define mapping relation from higher level ¥/
%} Iefmap D n%-h /% flow graph to lower level flow graph. ¥/
4 while 3 (meN)( (msaI(h)) and (m#s) an )
58 (A+1 (m)# ) and (A* T (m)cI(h)) ) do
¢} I(h) « Ih) U {n}
91 od;
97 weiteln("D(",n: 2 ") = 1(",h:2,") = " I(h));
116 forall meI(h) d
124 «HU At(m)
129 Od:
135 for i « s to last do
139 H e H-I(1)
145 od
150 od
151 end;
191

151 procedure generate._ granh(flrst integer; var over : boolean);
152 ver §, k, m last : integer;

152 begin

152 last « max(N):

157 for j « first to last do

161 for k « flrst to last do
165 if j#k the /% 1f there is any arc from & node
169 forall mEI(D(J)) do /% in J to the header of K, and J#K, %/
180 if D(k)eAs{m) then /% then make an arc from the node
191 addmap A(j)=k; /% representing interval J to that
198 break /% representing K.
19 fi
199 od
201 fi
201 od
202 od;
203 for k « first to last do
%% dwriteln("successor of node ", k:2,” = ", A¥(Kk))
od;
221 if first=last then over « true fi
228 end;
228

¥ pred #ERICE ST LBAIR, TSRO

K& %, KRBEIILB.
defmap pred(¢g)=pred(q)VU {#}
defmap pred(g)=pred(q)— {p}

Zh 50 defmap XEAVSES, MELREZ0E
REASCKRERESHEEINELETHS. HIRD
ZOBMN - BBROEAE R I & 5 &, defmap XD
E2DAEAD succ(p) D% Q &3 3 &, defmap
XOEFFICL > T succ DREAICIIES QU gt £
7212 Q— g} AEMZIN D (Q BREALLEIKRIN
7510). defmap XDEFFICL > T Q A3 suce DOFEEK
DERTHRL L -BE, Q DEHEIR (succ 27 o —
757 LBRTHI) BERTHIERINEINET
2 (QIMEROHN —-<VaL s v vyORRHAE
BDT, TEEROEADEOSTHERIN LN

228 begin
:<—{[E2}]%2{34}},[3{25§ [4, {51, [5, {2.6}],
% 17, (1013, 18, (613, to, {8, 10} 1, £10, (2,611 Js
3% level « 0; s(level) « 1; last « max(N);
339 over « false;
342 while not over do
345 level « level +1; N
350 writeln; writeln("level = .1evel:2);
357 find mtervals(s(level—
365 s(level) « last+l;
372 last « max(N);
317 dgenserate _graph(s(level), over);

1
I(
I(
i

I(
=101
successor of node

1
successor of node 1
successor of node }

1

DN —

)
)
)
)
)

[N TEETRRTINY)

successor of node
successor of node

=3
A
o]
2
"
PR

Hg =

12) = 12

13) ={ 138, 14
successor of node 16 = {

successor of node 17 =
successor of node 18 =

vel = 3
0(19) (1 )=€ 16}
D(20) = IQ17) = 18 }
successor of node 19 {01
successor of node 20 = { }

0(21) = 1(19) ={ 19, 20}
successor of node 21 = { '}

Used cells = 397

9 ENTERE T -2 7 7 OBMEFERET 57 00 7 A0 L EORTHR

Fig. 9 An example SOL program for finding derived sequence of a reducible flow graph,

and its execution result.
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ETHD). UL, BREETT 200 Q 24K NEOXR, WIFNSERICHT 2 defmap X &R

CTBERBRBEEELIVWC EERRLETH
B257, CotDOFREE2FFEORETHEL
BRSO, BUMER, Bf pred k20T
DFRET 2.

ZhicHl, #k SOL TR 7o -5 70
(A*) TRHAI NS0T, ROBEM- BB KO
addmap X & delmap XEBNTX D BEICERIQ
2 (R9DFars 8.

addmap A(p)=g¢
delmap A(p)=gq

CTO2D0XT, 2.3.3 HTHBRA/X ) IKHIGic R
F % defmap LTHERTE 243, ZHKD £ T defmap

XXENTHS (defmap T, p & p DHEDH
IGBRET NTHIR Uik, BEHTZ). /4, C

DARERZEAEERT S T S0,

HELEY N ~0fi p BN, 18 SOL, #iE

SOL WIFNdRORAXTERI N 5.
N<—NU {g}

HOFIBRIZ, 1B SOL TREHRFLHEBHLELR
FTHB. &2, HEAEE NHOH p 24k
TR, RD3RF » PHURETH 3.

(1) Ne<N-—{p}

(2) B succ ORES (NS) DFRTOERE
(BA) 5 p BHIBRT 3.

BE% pred 2BEBRICBX#Z BT, BB

pred OKES (NP) OFTNTOER (£

&) 5 p BHIRT .

kXL, #EE SOL T, k3 x5 v 7,
27y 7 (1)DBTELOTEE L& HHERR

(3)

0 find_interval: ¥ old SOL ion ¥/ 2k SR 7S
0 gggg;am M;&l 0[1)2 %va s; /%0 version T AEETH .
0 type setgfmt = sitog mtg%ggér
, h, 1, s, last : ] H .
gvar ﬂ : se%of integer; ¥ WES %/ 4. H & p =
0 NS: setof setof integer; /% BIEHITHESHR ¥/
0 H : setof integer; /% set of potential header nodes 3/
0 I indexedset (1~MAXNODE) of/seto{ integer; o SOL e oifia = 8A L, SEHRICH
% set of intervals
Qe suce i N N /¢ BESDSBREADESEAOSE ¥ 5, WSS EORE, B X ONISERET S
O fwtion prasinigr) : settin DANBTEILLD, 4 25— WRFOPIC
3 begin BENBLIC, TH—F S TENRETET
S Sorall nen o WY Xu%IH SOL & HtLTRgH24%
o o SO e Ul ST 075 A UTHRT & 5 & 5 12 o
5o " 7. SOL OIS EDHMO 1D, Fa/5
338be§in L23,405.6.7.8.9. 10} LDF — & 7 a — & (data flow analysis)
31 « {1,2,3,4,5,6,7,8,9, N N N N
5 NS hHm%%%%ﬂgay&£mgm$mmnn, THTY XLDFEHET VT Y X sk BRILKE
m il , L2 o S =
14 T e 7,81, 17, (101, 18, 40, 104, 15, (B, 101 110, {2,613 3 CEBIC TR S 5okt B ETHB. 4y
210 s « 1; last « MAXNODE; N
26 o {}s{} © /4 FIND INTERVALS 3/ 2 —rOUBFTIIT — 2 7 0 — RIS AR R
e H=® do
226 ‘ tlw « getel(H); ﬁ ?elec; and delete a node h :9’ 32DT, SOL O#HEIL LT ZOBENIL, %
230 rom H,
; Compute I(h) from th %/ o > z -
20 I <k s (;;; dgﬁ‘iﬁé?%oﬁ %{gg'g%%_) d BRE, ERCTECLBDNL.
i N h 3 . ¢
B e e Gt T, A Y2 = MROATRER S NI
= Q&wm%%ﬁ*mm'ﬂMtH de that has 3/ Boredh, FLCKEREOBALLST,
o H any node that has . -
%gg oga‘_ EEU succ(()m) Vx) predecessgr in I1(h), 3/ NET forall Witk 380 LEXRTIERL
312 d; S w N
3}8 ?or i+ s to last do /% but that is not already in %/ BINER SR> T v s 5 0%, £i&55%0
322 He H- 1) /% one of the intervals. 174
ggg d0d FHCTHRCEBRTE AL Hicis -7z, AR
o
334 end. EREIGRAICEBA LTS Y0s 53 v/ ES
1S o I L icit SETL, Lorel-2%, KRC™ 73 & 4i% 5.
a8 o] SETL & Lorel-2 (23tic set former &350
to=t 0 HAEBA LT A28, Lorel-2i3 SETL kb~
Used cells = 105
. THEX LOHIERHEN. KRC 13 ZF (Zermelo-
B 10 |HSOL TR L1cA ¥ &2 — Vi T a 75 5 EETHER

Fig. 10 Interval analysis program written in old version
SOL and its execution result.

Frankel) &IP3 AMEEEL YA LTS
b, BXOBBOHEIICHIE 272 W\ E Tl
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Lorel-2 & 0 MDD 575, BXOBHOBEXT
12 SETL ic&kiZ7sw. SOL oW ak=iz SETL i
KT 28EX 42 -T5 5%, SETL &H~TH
GRS E FORREICID AN EN I B#E AR T
B0, BENHET w5 AOERICENTH L EED
ha.

SHOBER, F—27n—@BIFTrTY X L6085
WAL TATY Xak SOL Fu s 5 A0WTERL,
SOL OEEE LTOERREATE~ZETHB. 1t
B, AXhoR4, N7, K9, K 101, »nThd
Apollo £ DN4000 ¥ — 7 25 —¥ 3 ¥ L THE L
TV AR SOL MBROM IR TH 5.

BEE HE, CEHEEOOETMNITERETEEO
DEUERZICRHE LTS

Z & X M

1) MMRAR : B4 - MAEARY, pp. 22-29, BEE
JE, B (1968).

2) Hecht, M.S.: Flow Analysis of Computer
Programs, p. 232, North-Holland, New York
1977).

3) BA (#), =th, KL, #A () : Lorel2 §
FBITDOWT, EHALE, Vol. 19, No. 6, pp. 522
530 (1978).

4) Schwartz, J. T., Dewar, R. B. K., Dubinsky, E.
and Schonberg, E.: Programming with Sets
(An Introduntion to SETL), p. 493, Springer-
Verlag, New York (1986).

5) Shigematsu, Y., Yoshimi, K. and Yoshida, S.:
Set Oriented Language SOL and Its Applica-
tion to Graph Algorithms, Proc. of ICS ’88,
pp. 1135-1140 (1988).

6) =W, HR, 5H: HEE6EWERE SOL L20F
FEALERODBEF, BEAEESRIGE Vol 30,
No. 3, pp. 357-365 (1989).

7) Gray, P.M.D.,, Hhigh GR): 38 - % -
F =& N— 2, pp. 101-102, EENE, FK
(1990).

8) WA, B, EH:EAIEMERE SOL oiEE
Tusia7a—05 7 OEH BRLEYS
JUNZ I FE XML, pp. 51-60 (1990).

9) EM, HIE, FH: EAENEREOTF—£ ~—
ANDIGH, BROABEERT - X N—R « YR F
LA, 18-6, pp. 53-62 (1990).
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8 SOL o#riR Al

UFogiesne L 1L L} L =3x4285
THs [ 13, BRUTHLEBLSTHE W {1}

i, LEERT 2. [ 1R, 0EMLogbEL,
[ 1@ 1EDEORDELE, &4, BHWEF 3.
*AEEEBOoDLVLERE, “&” THATREIL
TH5.

a5 h=program Ful S sk Ty,

Tayy=
[const [FEH& “=" F¥;17]
[type [Ef “=” Z;]*]

[var  [Z¥4 [ HL: @I#L) 1]

[map [EHLZ [ EREZT: EHRELE-EHKL ;1]

[[procedure Firef [(BISFDIF)]; Tmvy
7 51*|

[function BE¥ % [BlEFoE)]: {EX
B BMEL; Tay 3

]*

begin 3 [; 323* end

BIEMOXT - Bl&s [ slagd*
Bl &% = [var) 2% [ I (EAR | HA)

B o= BARERE | E£A4ER | BN SEAR| 7 a4
7

F AR = integer|real|char|string|boolean

AR = tupleof “[” MDA “1”

MOXT = WAL M {BARR | EA | EAHR
[; ML Mgl (BT AR | 41} T

EAR - setof {EARM|HE|ELT

BEAT S EAR = indexedset (EF~EH [ E¥~

FER*) of {FEAH M| AR}
7 74 nE = file

X = {ERIBEREZ|IBERaI 8L « K
Feag (AL A1)
addmap B4 (R) “=" K|
begin X [; 3J* end |
break |
case =, of [EH [ EHI*: 31" esac |
defmap {EfZ|IHE4 &K) “=" K
delmap BEfZ () “=" K|
for ZH 5 to K do 3 [;3]* od |
forall = do 3¢ [;3¢1* od |
if = then 37 [else 37 fi |
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- repeat 3¢ [; 3CI* until K |
while & do 3 [; J* od

X = B [{=1<I> ==zl ele | clEp]
Btz = [+]—-1 3 [{+]—1U]or} ZHI*
H = BF [{x]/In]and|divimod} HFI*
RF = f50m0EH] 0] “0° LA 1
[not HFZEH|
BE%E (AL A IAZRAX | BHEEEEK]
HNEEAX1 REEAHN2|
weEmE {Eaglweg [ [&)]

U - Bk [RD AT | Mo £pT*

AIEEAT - 0 K[ AT 7

WEEERES - 0" EH~EHK

REgAR 1 - “f =L " %

WEEAR2 - “0 % " KR [RERT [
21

SERER - (V]3) GRR) &)

FH - L R

MG = BERE 7

FH = [+] -] BV ER EH A

BEONRVER = EHEIHSOBVEIXF |"XF
[ ]*” | truel false| @

BHEDORVEK - FEBORVEYN LEFSOBTVER]
[el+| - IRFBSDITNEEHK]

BEQBOEYK = HFT

Feb. 1993

7 s sk, ERL EEE ML, BEfL B
&2, BEE WE -
TFEEF (] I [EEIEE]
(PR 44 1 B 23 BEA)
(B 4 4212 A 10 HRER)

Bin {Reh (E£EB)

MR 22 4F4E. FRFD 45 ST E
RETHTETTERNRE. BR47
M TERETEHMERT SRS
F. A 6L R, B BER
, TEMBER T¥EtL Fas35
IVIEE, HEBAY VT — 2 EOFEICRES.
FEEM BASIC #ns33v5 ), TRy b9—2
T—F%F0F+OER| 2L RE 2o bT—-2&
SEAE BFHEREEEESA.

EH & (F48)

FERN 8 4EAE. WIS 4EJLINT ¥
REEBLRTH¥R 2%, B35 EL
MKERERETERERELREE
T. IEEL. ERESTEMKE
TR, 0k, INTERE
B, NNKEITERER 2T, BF614 10 AL
MIERFERTERE. oM, MMTEAZBX
CHMNKEERLESEE v 2 B, JUNKERBEHE
Bty 2 EEZEE. BREELEOMECRE. AT
k¥4, BARRERES, KE ACL TEX0LA,




