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e "...thetechnology for
coping with large-scale
computer systems merges
with the technology for
building new computer
languages, and computer
science itself becomes no
more (and no less) than the
discipline of constructing
appropriate descriptive
languages”

Structure and
Interpretation
of Computer
Programs

Second Edition

Harold Abelson and
Gerald Jay Sussman
with Julie Sussman
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% LG B L (Random Access Machine)
EF

M[0] := O o
read(M[1]) EHU]\
if M[1]>=0 then goto 5
goto 7

M[3] := M[0] - M[1]

if M[3]>=0 then goto 16
writeln(M[1])

read(M[2])

- M[3] := M[2] - M[1]

10: if M[3]>=0 then goto 12
11: goto 14

12: M[3] := M[1] - M[2]

13: if M[3]>=0 then goto 8
14: M[1] := M[2] + M[O]

15: goto 3

16: halt E@t
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%4270 X (programming paradigm)
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T H RN IRESORE
« BT
- Fortran (1958): @wmeAts+t A
- Algol 7%: @ FlE=
- Pascal (1971): @5
-C (1972): @ A A4 TR (Fld=, Unix)
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. PlF
-Lisp (1958): @& @& 5 & 32
- Scheme: M TAF R AH 5
-ML: BEAH XA ZHRTHEIES
- Haskel|: A XA R T HE5F
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o 75
-Simula (1967): JH T 4244
-C++: C + X2
- Smalltalk: Lisp&y=ivfy
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Mixfix 5L
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BNF: Backus-Naur Form

BNF for real number
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# A (parse tree)

real-number

™ "t fract; root: labeled with the staring
Integer-pa raction hon-terminal
/ /\ ‘non-leaf node: labeled with a
digi ¢ digi ¢ fraction nonterminal
/ eparent-children: corresponds
Jioit to production rules
121

|
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B W = A LT &

e 1245455 (Operational Semantics)
- B XAL AT (RN L) B1T
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e ¥5#r1E&>5 (Denotational Semantics)
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o« N34 1E L (Axiomatic semantics)
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B AFiE L

. B R E L B
L S8
N:=0
| S(N)

| (N +N)
| (N X N)

sy
&

- AFEEANZNHFHE XA

I:N=>N

[((n+0)] =>n

[(m+S(m))] = S(I[(mtn)])
[((nx0)] =0

[(m X S(n))] > I[({(m X n)+m)]
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7. f #8915 = IMP

The syntax of IMPdefined by BNF (Backus-Naur form).
e For Aexp: a:=n|X|ag+a,|ayg—a|ayxa
e For Bexp: b:=true|false|ay=a;|ag<a;|-b|byAby|byVbh

e For Com:
c:=skip | X :=a| ¢cg;cy | if b then ¢y else ¢; | while b do ¢

X :=1;

S:=0;

While x <10 do (
if x = 5 then skip else x + 1;
S:=S+X

)

$ Jei i
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e The set of states consists of functions ¢ : Loc — N.

e A configuration is a pair (a, o), where a is an arithmetic expression
and o a state.

e An evaluation relation between pairs and numbers (a,0) — n
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. BEaiEZ IMP
HARK X HE

Evaluation of numbers (n,o) = n
Evaluation of locations (X,0) = o(X)

Evaluation of sums

(ap,0) = no (a1,0) = my n is the sum of ng and n,

(ap +a1,0) = n
Evaluation of subtractions

(ap, o) = ng (a1,0) = ny n is the result of subtracting n; from ng

(ao —al. 0’) —n
Evaluation of products

(ap, o) = no (a1,0) = ny n is the product of ng and n,

(ag X ay,0) = n
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1) :

B 491E = IMP

¥4 R IA X F

(true, o) — true (false, o) — false

(ag,0) = n (a1,0) =2 n (ag,0) =+ n (ay,0) =+ m nZm
(ag = ay,0) — true (ag = a,,0) — false

(ap,0) > n (a1,0) > m if n is less than or equal to m

(ap < a1,0) — true

(ap,0) > n (a1,0) = m if n is not less than or equal to m

(ag < aq,0) — false

(b,o) — true (b,o) — false

(—b, o) — false (b, o) — true

(bp,0) — to (by,0) = t1 if ¢ is true iff {p = t; = true

(bo Aby,o) =t

(b, o) — 1o (by,0) = t, if ¢ is false iff t; = t; = false

(bg Vby,0) =t
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. B Ea9iEZ IMP
48yt i

Atomic commands

(a,0) = m

(X :=a,0) = olm/X]
(cg,0) = o” (c1,0") = o’

(skip,o) — o

Sequencing
(co;c1,0) = o
Conditionals
(b,o) — true (co,0) = o’ (b, o) — false (c1,0) = o'
(if b then ¢y else ¢1,0) — o’ (if b then ¢g else ¢1,0) — o’
While-loops
(b, o) — false

(while bdo ¢,0) = o
(b,o) — true (c,o) = o (while b do ¢,0") — o’

(while b do ¢,0) — o’

th\v)’
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% 2

To see the semantics just defined is a big step semantics, consider the
following program:

Factorial = Y =1;
while X > 1 do
{Y =Y xX; X =X-1}
Z =Y

Let o be a state with o(X ) = 3, what’s the state ¢’ such that
(Factorial, o) — o' 7 Construct the derivation tree.

) ez L
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SERINEIDE

-ﬁ%ﬁi%ii@%
1. 'lx:r = él]%‘bﬁl
N:=0
| S(N)

|(N+N)
| (N X N)

2. A

Nat (the natural numbers (0, 1, ...)
+: Nat = Nat - Nat
*: Nat = Nat = Nat

NPT
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SERINEIDE

o FEARIEN A9 B FE
3. FiEZ iR IE LS R KR

D : N = Nat

0] =0

S(n)] = Dln] + 1
(n+n)]=D[m]+ D[n]
(m X n)] =D[m] * D[n]

vlvlolw

where m,n in N

z)ﬁx«)’ >4
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IMP &9 35 4718 L (1/3)

Define the semantic function A: Cmd - (¥ — N)

Aln] = {(o,n)|oc e}

A[X]T = {(o,0(X)) |0 € X}
Alao +a1] = {(o,n0+n1)| (o,n0) € Alao] & (o,n1) € Afa1]}
Alao —a1] = {(o,n0—mn1)|(o,n0) € Alao] & (o,n1) € Afa1]}
Alag x a1] = {(o,n9 x n1) | (o,m0) € Alag] & (0,n1) € Ala,]}

The *+7 on the left-hand side represents syntactic sign in IMP whereas
the sign on the right represents sum on numbers. Similarly for *-7, *x”.

) ez L
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IMP &9 35 #5718 L (2/3)

Define the semantic function B : Bexp — (X — T)

B[true] = {(o,true)|oc € X}
B[false] = {(o,false)|o € X}
Blao =a1] = {(o,true)|ocecX & Alap]o = Alai]o}u
{(o,false) |c € £ & Alag]o # Ala]o}U
Bl-bl = {(o~rt)|0 € & (o,t) € B}
Blbo Abi] = {(o,toArt1)|oceX & (o,ta) € Blb] & (o,t1) € B[b1]}

The sign “Az” is the conjunction operation on truth values.

) ez L
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IMP &9 35 #7148 L (3/3)

Define the compositional semantic function C : Aexp — (¥ — X)

C[skip]

ClIX :=d]

Clco; c1]

C[if b then ¢p else c¢i]

Clwhile b do c]

where

{(0,0) |0 € X}

{(o,0[n/X])|c € X & n= Ala]o}
Cle1] o Clco]

{(o,0") | B[bjo = true & (o,0') € Cco]} U
{(c,0") | B[blo = false & (o,0’) € C[c1]}
fiz(T)

['(¢) = {(o,0") | B[bjec =true & (o0,0') € poC|c]} U
{(o,0) | B[blo = false}

b Jeg A Y
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NS D

o NIZAIESL B E SB35
- Fh Bk

C = skip
| x=E
| CI1;C2
| 1f B then C1 else C2 endif
| while B do C done

- /¥
- HEIE AN
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Hoare Triple Form

J B O/ % RPAR S T F 44T, ™ BAZE,

AR AC— A2 2k T i F Q09K 5,
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NS

.« BHRNNE

{P} skip {P}
¢ RALNIE

{P|E/z]} x:= E {P}

lr+1=43} y = +1 {y =43}
lr+1<N}lxz=x+1{x <N}

N Jei AP
;-5 b ¥
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& 32 F0 N
{P} S{Q}. {Q} T {R}
{P} S;T {R}

\BAP}S{Q}, \imBAP} T {Q}
{P} if B then S else T endif {Q}

{PAB} S{P}
{P} while B do S done {-B A P}

P’ — P,{P}S{Q},Q_p Q
P} S{Q'}




1iE BF 15)

{ x=x0 and y=y0 } t x=x0 and y=y0 j

t = x- t =X;

X =Y; AT

y =t { x=y0 and t=x0 }
{ x=y0 and y=x0 } y=t

{ x=y0 and y=x0 }

N Jei AP
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