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Carne91e-Me]10n Un1ver51ty 
P1tt56ur9h, Pa. 

1n 1968 E. W. D1jk5tra wr0te a fetter t0 the ed1t0r 0f the CACM [1] pr0p051n9 that 
the 90t0 5tatement 6e a60115hed fr0m a11 "h19her 1eve1•• pr09ramm1n9 1an9ua9e5. 
A1th0u9h th15 5u99e5t10n ha5 n0t met w1th un1ver5a1 acceptance, we w0u1d 11ke t0 
n0m1nate an0ther we11-kn0wn 1an9ua9e c0n5truct a5 a cand1date f0r a6011t10n: the 
n0n-10ca1 var1a61e. 

We c1a1m that the n0n-10ca1 var1a61e 15 a maj0r c0ntr16ut1n9 fact0r 1n Pr09ram5 
wh1ch are d1ff1cu1t t0 under5tand. F0r the m0ment we w15h t0 keep the phra5e ••n0n- 
10ca1 var1a61e" 50mewhat va9ue; R0u9h1y, h0wever, we mean any var1a61e wh1ch 15 
acce55ed, and part1cu1ar1y m0d1f1ed, 0ver a re1at1ve1y 1ar9e 5pan 0f Pr09ram text. 
M0re 5pec1f1ca11y, we mean any var1a61e referenced 1n a 5e9ment 0f pr09ram, 5, 5uch 
that n0t a11 u5e5 0f that var1a61e are c0nta1ned 1n 5. We a1way5 1ntend c0nceptua1 
10ca11ty, rather than t0xtua1 10ca11tY; 1t may 6e the ca5e that a 51n91e c0nceptua1 un1t, 
(e.9., c0ntr01 0f a 100p)ha5 e1ement5 that are 5eparated 6y a num6er 0f f1ne5 0f 0ther 
text ,  6ut that the 1nter5per5ed text can 6e treated a5 a 51n91e e1ement and ••c011ap5ed•• 
f0r  purp05e5 0f under5tand1n9 the 5urr0und1n9 un1t. 1f the text 15 pr0per1y d15p1ayed 
(e.9. w1th pr0per 1ndentat10n), the phy51¢a1 d15tance 6etween 5uch e1ement5 need n0t 
1nterfere w1th the1r (c0nceptua1) 10ca111y. 

51nce the rat10na1e 6eh1nd th15 5u99e5t10n 15 51rn11ar t0 that f0r 6an15h1n9 the 90t0, 
we w111 6e91n 6y 6r1ef1y paraphra51n9 the ar9ument5 a9a1n5t the 90t0. We mu5t adm1t 
certa1n 11m1tat10n5 0n 0ur 1nte11ectua1 p0wer5 - 1n part1cu1ar, that we are 6etter  a61e 
t0 c0pe w1th 5tat1c re1at10n5 am0n9 06ject5 than d7narr,1ca11y ev01v1n6 0ne5. 51nce the 
text  0f a pr09ram 15 5tat1c 6ut 1t5 execut10n 15 dynam1c, anyth1n9 wh1ch de5tr0y5 0r 
065cure5 the mapp1n9 6etween 1extua1 re1at10n5 (1ar9e1y c0ncatenat10n) and execut10n 
re1at10n5 (the ••next•• 1n5truct10n) ma8n1f1e5 the d1ff1cu1ty 0f d01n9 that wh1ch we are 
1ea5t e4u1pped t0 d0. Wh110 a11 f0rm5 0f c0ntr01 tran5fer are 1nd1cted 6y th15 ar9ument 
t0 50me extent,  c0ntr01 c0n5truct5 5uch a5 1f-then-e15e, f0r, ca5e, etc., are rea50na61y 
accepta61e 6ecau5e 0f the 5yntact1c cue5 they pr0v1de. When a Pr09ram 15 wr1tten 
u51n9 the5e exp11c1t, w011-5tructured c0ntr01 c0rr, rnand5, 1t 15 rea50na61y ea5y t0 
determ1ne the antecedent5 0f any 91ven c0rnmand, and hence t0 deduce the 
a55umpt10n5 1n effect at that p01nt 1n the Pr09ram. When 80t0•5 are perm1tted, th15 
ta5k 15 d1ff1cu1t 6ecau5e the predece550r5 0f a p01nt 1n the pr09ram are hard t0 

10cate. Ar9ument5 f0r and a9a1n5t the 90t0 may 6e f0und 1n [2-4] ;  the exten51ve 
6161109raphy 1n [2]  5h0u1cJ 6e he1pfu1 t0 any0ne 1ntere5ted 1n further read1n9 0n the 
5u6ject. 

N0te that th15 ar9ument d0e5 n0t c0ndemn every u5e 0f the 90t0; 1t 15 certa1n1y 
p055161e t0 f1nd Pr09ram5 wh1ch u5e the 90t0 and are n0t d1ff1cu1t t0 under5tand - 

part1cu1ar1y 1f the pr09ram.~, are 5ma11, the tar9et5 0f the 90t0~5 ate c105e t0 the jump 
p01nt5, and the  C0ntr01 path5 e5ta6115hed 6y the [r•,0t0•5 are 5tandard 0ne5. 7he 
ar9ument 6e10w c0ncern1n0 the n0n-10ca1 var1a61e 15 51m11ar 1n that 1t a55ert5 t ha t  
n0n10ca1 var1a61e5 may 6e m15u5ed - n0t that every u5e 065cure5 pr09ram 5truCture. 
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C0n51der w h ~  1t me~n5 10 %nder5t~nd" ~ pr0~ram. 5upp05e we are pre5ented 
w1th a p1ece 0f pr0~r~m text t09ether w1th the d0ma1n 0f 1t5 1nput parameter5. When 
the pr09ram 15 app11ed t0 a part1cu~ar 5et 0f 1nput va~ue5 (executed), a part1cu1ar 
5~4uence 0f 5t~te$ (a 5et 0f var1~61e va1ue5)re5u1t5. 6enera11y, d1fferent 5tate 
5e4uence5 w111 re5u1t depend1n~ up0n the ch01ce 0f 1nput parameter5; we can thu5 
5peak 0f the c1a~5 0f a11 p055161e c0mputat10n5 perf0rmed 6y a pr0~ram a5 the 5et 0f 
aH execut10n5 pr0duced 6y the pr09ram under a11 va11d c0m61nat10n5 0f 1nput 
parameter5. 7here 15 c1ear1y a c0rre5p0ndence 6etween the text 0f a Pr09ram and 
the execut10n5 1t pr0duce5, a1th0u9h the c0rre5p0ndence may n0t 6e 06v10u5. 1t 15 a 
kn0~v1ed9e 0f th15 c0rre5p0ndence that 15 cruc1a1 t0 ••under5tand1n9" a Pr09ram. 

51nce the c1a55 0f a11 p055161e c0mputat10n5 0f m05t Pr09ram5 15. 1ar9e, 
"under5tand1n8•• d1rect1y 1n th15 5en5e 15 n0t w1th1n the ran9e 0f 0ur menta1 
capa6111t1e5. We emp10y 1n5tead var10u5 dev1ce5 t0 a65tract fr0m the 5pec1f1c act10n5 
0f a Pr09ram t0 the effect5 0f th05e act10n5. A65tract10n 15 0ften ach1eved 6y 
5e1ect1ve1y 19n0r1n9 1nf0rmat10n and m0de111n9 0n1y the effect5 wh1ch we 6e11eve are 
re1evant t0 5ucceed1n9 5ta9e5 0f the c0mputat10n. A Pr09ram may have many effect5 
0ther  than the 0utput5 0f 1ntere5t, 6ut we d0 n0t re9ard an under5tand1n9 0f the5e 
effect5 a5 cruc1a1 t0 under5tand1n9 the Pr09ram. 

We can f0rma112e the n0t10n 0f a65tract10n. 5upp05e 5 15 a 5e9ment 0f Pr09ram 
text and P and P• are 1091ca1 pr0p051t10n5 5uch that 1f P 15 true pr10r t0 the execut10n 
0f 5, then P• w111 6e true after 1t5 execut10n. 7hen the tran5f0rmat10n 5:P~P~ 15 a 
Character12at10n 0f the effect 0f execut1n9 5, 1.e. an a65tract10n 0f 5. 

1t 15 c1ear that 1n the a65tract10n 5:P~P~, the pr0p051t10n P mu5t c0nta1n 
c0mp0nent5 de5cr161n9 the 5tate 0f a11 var1a61e5 u5ed 1n 5 6ut n0t 10ca1 t0 5. Further, 
P• mu5t c0nta1n c0mp0nent5 de5cr161n 5 the effect 0n a11 n0n-10ca1 var1a61e5 m0d1f1ed 
1n 5. P and P• 5h0u1d n0t ment10n n0n-10ca1 var1a6105 wh1ch are n0t u5ed 15 5; the 
1nc1u510n, and part1cu1ar1y the check1n9, 0f 5uch var1a61e5 w111 1ncrea5e the c0mp1ex1ty 
0f under5tand1n9 5 6ey0nd a11 rea50na61e 60und5. 7hu5 the c0mp1ex1ty 0f the 
a65tract10n 15 d1rect1y re1ated t0 the num6er 0f n0n-10ca1 var1a61e5 u5ed, and we 
5h0u1d expect the menta1 eff0rt nece5ary t0 f0rm an a65tract10n t0 1ncrea5e w1th the 
num6er 0f n0n-10ca1 var1a61e5. 

N0te that the var1a61e5 wh05e 5tate5 are de5cr16ed 6y the 1081ca1 pr0p051t10n5 P 
and P• a550c1ated w1th any 91ven 5e9ment 0f text 5 w111 n0t 1n 9enera1 6e the 5ame 
var1a61e5 de5cr16ed 6y the pr0p05t10n5 a550c1ated w1th adjacent 5e9ment5 0f text. 1n 
0rder  t0 check the c0rrectne55, 0r even the p1au516111ty, 0f a Pr09ram, 1t 15 nece55ary 
t0 en5ure that the pr0p051t10n P 15 va11d - that the var1a61e5 1n P actua11y have the 
va1u05 c1a1med f0r them. 1n a 5tra19ht-11ne Pr09ram th15 w0u1d pre5ent n0 pr061em: 1t 
w0u1d 6e 5uff1c1ent t0 5can 6ackward thr0u9h the Pr09ram unt11 a pr0p051t10n 
1nv01v1n9 each 0f the var1a61e5 1n 4ue5t10n wa5 f0und. H0wever, 5tra19ht-11ne 
Pr09ram5 are rare (exCept 1n 1an9ua9e5 5uCh a5 APL where much 0f the c0ntr01 15 

1mp11¢1t), 50 1t 15 nece55ary t0 check 6ackward a10n9 a11 p055161e c0ntr01 path5 unt11 an 
a55ert10n a60ut each var1a61e 0f 1ntere5t 15 f0und 1n every path. 7he c0mp1ex1ty 0f 
th15 ta5k 1ncrea505 exp0nent1a11y w1th the d15tance 0f the fa5t prev10u5 u5e 0f each 
var1a61e a10n~ each c0ntr01 path. Ju5t a5 we11-5tructured c0ntr01 0perat0r5 he1p t0 
1dent1fy wh1ch a55umpt10n5 are 1n effect at any p01nt 1n a Pr09ram, appr0pr1ate 5c0pe 
ru1e5 (nam1n9 0perat0r5) w111 a1d 1n 10cat1n8 the re1evant va1ue5 0f var1a61e5. 
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We m19ht c0n51der m1n1m121n9 the num6er 0f n0n-~0ca1 v~r1aMe5 6e1n 8 c0n51dered 
a1 any 1n5tant 6y ch0051n 8 a 5maHer 5e8ment 0f text ~ there6y h0p1n 8 t0 m1n1m12e the 
c0mp1e×1ty 0f the a65~ract10n. 7h15 5cheme 15 0f 11m1ted u5e, 51nce after a p01nt the 
c0m61nat0r1a1 c0mp1ex1ty 0f keep1n~ track 0f the rema1n1n8 n0n40ca1 var1a61e5 a10n8 
var10u5 c0ntr01 path5 1ead1n 8 t0 5 may a9a1n 1ncrea5e the c0mp1ex1ty 0f P. 

1t 15 n0t p055161e t0 av01d the5e 155ue5 6y mak1n9 9106a1 5tatement5 a60ut 9106a1 
var1a61e5. 5tatement5 0f 1n1ent certa1n1y he1p the reader t0 under5tand a Pr09ram, 
6ut they  are n0t 5uff1c1ent. ~n pr09ramm1n9 1an~ua9e5 that d0 n0t perm1t 
51mu1tane0u5 a5516nm0nt5 , any 8106a1 5tatement de5cr161n~ a re1at10n5h1p 6etween tw0 
var1a61e5 w111 6e m0mentar11y fa15e each t1me the var1a61e5 are a1tered. C0n51der, f0r 
examp1e: 

1nte9er 1,j; 
c0mment  j 15 2*1; 

1 := <50me va1ue>; 
c0mment  the a55ert10n 15 fa15e at th15 p01nt; 
j := 2,1; 
c0mment the a55ert10n 15 true a9a1n; 

51nce pr0~ramm1n~ err0r5 may ar15e 1n the c0ur5e 0f ma1nta1n1n9 the a55erted 
c0rre5p0ndence, the 8106a1 5tatement5 a10ne are n0t 5uff1c1ent. 

70 111u5trate the pr061em5 created 6y the n0n-10ca1 var1a61e, we 5u~9e5t the 
f0110v,~1np~ exerc15e. We 91ve 6e10w an un-c0mmented A1901 pr0cedure wh1ch 
1mp1ement5 a 51mp1e numer1ca1 techn14ue. 7he pr0cedure 15 5ma11 and purp0rt5 t0 6e 
~we11-5tructured~. We 5u~.5e.~,t that y0u 5tudy 1t t0 determ1ne prec15e1y h0w 1t w0rk5. 
A5 y0u d0 50, a5k y0ur5e1f what 1t 15 a60ut the pr6cedure that make5 the 
under5tand1n~ ta5k m0re d1ff1cu1t than the 512e 0f the Pr09ram 5eem5 t0 warrant.  

rea1 pr0cedure 4(f,a,6,1,e 1,e2); 
va1ue a,6,1,e 1 ,e2; 
rea1 pr0cedure f; 
rea1 a,6,1,e 1,e2; 

6e91n 
rea1 c f,nf,5,1 • ,x; 
cf ,- f(a); 5 *- (f(a-1) - cf)/1; 11 .-- 1; Q ,- 0; 
f0r  x *- a 5tep 1 unt11 6 -  d0 

6e91n 
nf *- f(x+1); 

1f a65 (cf + 5,1 - nf ) /nf  > e1 
then 6e0~1n x *- x-3*1/2; 11 *-- 1/2 end 
e150 6e91n 

1f a65 (cf + 5*1 - nf)/nf < e2 then 11 *- 1=2; 
Q <•- Q + 1*(cf + nf)/2; 
5 ~ (nf - cf)/1; 
cf ~ nf 

end; 
~ 1 1  
end; 

4, - -Q 
end; 
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Examp1e5 a#d Re~ated 155ue5 C0n¢ern1r~9 8~0¢k 5tru¢ture 

7he m05t fam111ar mechan15m thr0u9h wh1ch the n0n-10ca1 var1a61e 15 1mp1emented 
15 A1801-11ke 610ck 5tructure. A1th0u9h th15 techn14ue f0r def1n1n9 5c0pe5 15 5uper10r 
t0 n0ne at aH, 1n th15 5ect10n we w0u1d 11ke t0 p01nt 0ut 50me 11m1tat10n5 and pr061em5 
0f 60th the n0n-10ca1 var1a61e and A1801-11ke 5c0pe ru1e5. 

N0t a11 the pr061em5 p05ed 6y the5e examp1e5 are d1rect c0n5e4uence5 0f the 
10ca11ty 0f name5. We 6e11eve tha{ the ent1re 155ue 0f pr09rammer c0ntr01 0ver the 
nam1n9 env1r0nment 15 1mp0rtant, and we w0u1d 11ke t0 5ee ava11a61e a var1ety 0f 
techn14ue5 f0r c0ntr0111n$ the 5c0pe 0f name5. A1901-11ke 610ck 5tructure 15 0ne 5uch 
techn14ue (6ut n0t t11e 0n1y 0ne) and certa1n pr061em5 ar15e a5 a c0n5e4uence 0f th15 
part1cu1ar 5c0pe ru1e. We theref0re 91ve examp1e5 d1rected at def1c1enc1e5 0f 610ck 
5 t ruc tu re  a5 we11 a5 at the per115 0f n0n-10ca11ty. 

51de effect5: 7he pr061em5 a55Qc1ated w1th a pr0cedure•5 mak1n9 chan9e5 1n the 
va1ue5 0f n0n-10ca1 var1a61e5 are we11 kn0wn. 5ee, f0r examp1e, [5]. Unt01d c0nfu510n 
can re5u1t when the c0n5e4uence5 0f execut1n9 a pr0cedure cann0t 6e determ1ned at 
the 51te 0f the pr0cedure ca11. 

1nd15cr1m1nant Acce55: 810ck-5tructured 5c0pe ru1e5 d0 n0t perm1t a Pr09rammer t0 
re5tr1ct the u5e 0f a var1a61e t0 a 5u65et 0f the c0de at the 610ck 1eve1 where  the 
var1a61e 15 dec1ared. 5upp05e that we want t0 1mp1ement a 5tack, 5har1n9 a vect0r  
57ACK and a p01nter 57KP7R am0n9 5evera1 pr0cedure5 wh1ch 0perate 0n the 5tack. 
7he natura1 1mp1ementat10n 15: 

6e91n 
r0a1 array 57ACK [1:100]; 1nte9er 57KP7R; 
pr0cedure 1n1t1a112e; 57KP7R *- 0; 
pr0c0dur0 pu5h (x); rea1 x; 

6e91n 57KP7R ~ 57KP7R + 1; 
57ACK[57KP7R] *-- x end; 

r0a1 pr0c0dur0 p0p; 
6e91n p0p <- 57ACK[57KP7R]; 

57KP7R <-- 57KP7R - 1 end; 
6001ean pr0cedure empty; empty ~ 57KP7R = 0; 

<ca115 0n 1n1t1a112e, pu5h, p0p, empty, etc.> 

end 

1n th15 1mp1ementat10n the var1a61e5 57ACK and 57KP7R are acce55161e t0 the re5t 0f 
the Pr09ram. 7hey cann0t 6e pr0tected 6y add1n9 610ck 5tructure, f0r that w0u1d 
a150 pr0 tec t  the pr0cedure name5. 

Vu1nera6111ty: When the 5c0pe ru1e5 perm1t many ne5ted 1eve15 0f 10ca11ty, any 
Pr09ram 5e9ment wh1ch d1d n0t actua11y dec1are 1t5 var1a6e5 ha5 105t a11 c0ntr01 0ver 
the a55umpt10n5 under wh1ch 1t execute5; the pr09rammer can 1nterp05e (perhap5 
1nadvertent1y) new def1n1t10n5 0f the n0n-10ca1 var1a61e5 C0n51der: 
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A: 6e91n 1nte9er x; 

8: 6e91n 
<u5e 0f ×> 

end~ 

end 

w h e r e  8 15 p055161y deep1y ne5ted w1th1n A and u5e5 0f x are ••rare". 1t 15 ent1re1y 
p1au5161e that a pr09rammer m19ht d15c0ver at 50me 610ck 1eve1 that he need5 a new 
t emp0 ra ry  var1a61e and create: 

A: 6e91n 1nte9er x; 

C: 6e91n rea1 x; 

8: 6e91n 
<u5e 0f x> 

end; 

end 

end 

t h e r e 6 y  de5tr0y1n 8 the 61nd1n 8 0f the 1nner x. 1f a pr0~ramrner w15he5 t0 1ntr0duce at 
50me 1eve1 a var1a61e wh1Ch w111 6e u5ed at 50me (p055161y deep1y ne5ted) 1nner 1eve1, 
he mu5t 6e aware 0f the name5 u5ed at a11 1nterven1n9 1eve15. 

7he pr061ern5 0f 1nd15cr1rn1nant acce55 and vu1nera6111ty are c0mp1ementary• the 
f0 rmer  ref1ect5 th0 fact that the d0c1ar0r ha5 n0 c0ntr01 0ver wh0 u5e5 h15 var1a61e5; 
the 1atter ref1ect5 t1me fact that t1me pr0~0rarn 1t5e1f ha5 n0 c0ntr01 0ver wh1ch var1a61e5 
1t 0pera te5  0n. 80th pr061em5 f0rce up0n the Pr09rammer the need f0r a deta11ed 
9106a1 kn0w1ed9e 0f the pr09ram wh1ch 15 n0t c0n515tent w1th h15 human 11rn1tat10n5. 

N0 0ver1app1n9 def1n1t10n5: 1n 50me ca1Cu1at10n5, each Pr09ram 5e~ment depend5 
0n1y 0n the 0utput va1ue5 0f 1t5 1mmed1ate predece550r. 7he5e var1a61e5 may 6e 
1ar9e array5 0f var10u5 5hape5. 1n 5uch ca5e5, var1a61e5 5h0u1d 6e acce55a61e t0 0n1y 
the tw0  pr09ram 5e9ment5 c0ncerne and 1nacc055161e 0r 1nv15161e t0 0ther5. 
Unf0rtunate1y,  t11e 610ck 5tructure d15c1p11ne pr0v1de5 n0 way t0 de5cr16e 5uch 
0ver1apP1n9 def1n1t10n5, and 8106a1 5trate61e5 make the var1a61e5 t00 vu1nera61e. 

0 the r  an0ma11e5 0f 610ck 5tructure pr0duce 51tuat10n5 where the 1nterpretat10n 0f 
the u5e 0f a var1a61e 15 hard t0 under5tand. 0ne 5uch d1ff1cu1ty 15 the "h01e-1n-the- 
5c0pe•• pr061em de5cr16ed 6y Knuth [6]. 
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What 7 h ~  

Hav1n9 c0ndemned the n0n-10ca1 var1a6]e 1n 9enera1 and A1901-11ke 5c0pe ru1e5 1n 
part1cu1ar, 1t 6eh00ve5 u5 t0 exam1ne the a1ternat1ve5. 1n the ca5e 0f the 90t0 the 
pr1m1t1ve n0t10n 0f ••tran5fer 0f c0ntr01" 15 n0t c0ndemed a5 5uch. 7he ar9ument 15 
ra ther  that the textua1 repre5en~at10n5 (5yntax) wh1ch 1nd1cate that 5uch tran5fer5 are 
40 0ccur mu5t enf0rce textua1 ~0c~1ty 0f the tran5fer5. A 51m11ar a55ert10n app11e5 t0 
the 155ue5 we are ra151n$ a60ut 5c0pe5 0f name5. We d0 n0t c0ndemn the pr1m1t1ve 
n0t10n 0f c0ntr011ed acce55 t0 a name. Rather we ar9ue that the textua1 
repre5entat10n 0f 5uch c0ntr01 5h0u1d 6e exp11c1t and 10ca112ed. 

A5 w1th the 90t0 pr0p05a1, the pre5ent pr0p05a1 5h0u1d n0t 6e c0n5trued a5 a 
tr1v1a1 4u1661e 0ver 5yntact1c fac111t1e5. Rather, we are attempt1n9 t0 extend the 
ana1y515 0f what  c0n5t1tute5 we11-5tructured Pr09ramm1n9. 155ue5 0f whether  5pec1f1c 
5yntact1c feature5 5h0u1d 0r 5h0u1d n0t 6e 1n a 1an9ua9e 1n 0rder t0 pr0m0te ~000d 
Pr09ram 5tructure are 0f 1e55er 1mp0rtance. 1n the ca5e 0f A1801 we have exh161ted 
60 th  feature5 wh1ch perm1t the c0n5truct10n 0f 111-5tructured Pr09ram5 and the 1ack 0f 
fea ture5 wh1ch w0u1d a110w we11-5tructured acce55 pattern5 t0 6e expre55ed. 
A1th0u9h th15 appear5 t0 ca11 f0r a chan9e 1n the 5c0p1n9 5yntax 0f 1an9ua9e5, 0ur 
c0ncern  15 w1th the 5emant1c5 0f 1an9ua9e5 and Pr09ram5 wr1tten 1n th05e 1an9ua9e5 
- -  n0t w1th 5yntax. 

Un11ke the 90t0 51tuat10n, the 5c0pe pr061em d0e5 n0t have 1) a 51n91e 0ffend1n9 
c0n5t ruc t  wh05e e11m1nat10n w111 c0rrect the pr061em and 2) a c011ect10n 0f fam111ar 
c0n5t ruct5  wh1ch are (a1m05t) ade4uate t0 capture the e55ent1a1 u5e5 0f the 
under1y1n9 pr1m1t1ve c0ncept. We d0 n0t have a 5pec1f1c pr0p05a1 f0r a 5et 0f 
c0n5t ruct5  t0 rep1ace 0r au9ment c0nvent10na1 5c0pe ru1e5. We can, h0wever ,  
enumerate  50me 0f the attr16ute5 that a 5u1ta61e a1ternat1ve w0u1d have: 

- 7he defau1t 5h0u1d n0t 6e t0 extend the 5c0pe 0f a name t0 1nner 610ck5. 

- 7he r19ht t0 acce55 a name 5h0u1d 6e 6y mutua1 a9reement 6etween creat0r  and 
acce550r. 

- Acce55 r19ht5 t0 a 5tructure and t0 1t5 5u6-5tructure5 5h0u1d 6e dec0up1ed. 

- 1t 5h0u1d 6e p055161e t0 d15t1n9u15h d1fferent type5 0f acce55. 

- Dec1arat10n 0f def1n1t10n, name acce55, and a110cat10n 5h0u1d 6e dec0up1ed. 

We w0u1d 11ke t0 5u6m1t the 4ue5t10n 0f what c0n5t1tute5 appr0pr1ate a1ternat1ve ru1e5 
t0 the 1an9ua9e c0mmun1ty. 

We a150 6e11eve the f0110w1n9 4ue5t10n5 5h0u1d 6e addre55ed: 

- Are there cr1ter1a, 0ther than th05e 115ted a60ve, wh1ch 5h0u1d 6e u5ed t0 jud9e 
a 5c0p1n9 mechan15m• 

- 1n what  5en5e 15 a 5et 0f 5c0pe ru1e5 ••c0mp1ete"• 

- What c1a55e5 0f a190r1thm5 are prec1uded 6y A1901-11ke (0r 0ther) 5c0pe ru1e5• 
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7he d15cu5510n a60ve 15 framed 501ey 1n term5 0f 5c0pe, 70 what de8ree d0e5 
"extent °~1r~teract w)th the5e c0n51derat10n5• 1n part1cu(ar, what a60ut 

- 1mp11c1t v5. exp)1c1t a~)0cat10n 
- retent10n v5. de1et10n 

Many 0f the 06jec)10n5 ra15ed a60ve have 6een addre55ed 1n the c0ntext 0f 
pr01ect10n w1t111n 0perat1n9 5y5tem5. 15 1he ana10~y t0 1an9ua9e5 5tr0n9er 0r 
weaker than apparent• 
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