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def visitFunetion(self, function):

mArg=0
for argument in function.getArgs():
if isinstance(argument, RangeRef):
numArg += len(argument.getCellRefSet())
else:
numArg += 1
argument.accept(self)

args=self. evalStack[-numArg:]
self. evalStack=self. evalStack[(0:-numArg]

if len(args)>l and self. checkValueError(args):

self. evalStack.append(0)

return
execStr="answer = "+function.getName()+"("+str(args)+")"
try:

exec execStr
except NameError, n:
fName=split(n[0],""'")

self. nameError=True

self. nameErrorStr=fName[l]
self. evalStack.append(0)
return

self. evalStack.append(answer)

if typeChecker.debug: typeChecker.typeCheck([function], [Function])



(Functionele) Componenten van een Computer

Interface i

Computer

Evaluatihg
performance

Processor




0.5

van Analoog ...

A electrical voltage (V)

AR

EI.S-:

NN,

time (s)




M 4. 00ms

doom Factor; 0 X

2 4iDous e
TOS. GUOpS L B 4R
106, DOps A2 16 Y
Push and hold Cursors for menu

=

[N .00 £ 200us [ 250Kk5 s & .7 400mv
| WValue Mean Min Stol Dy +~0.00000 % 4 10K points

| W Max 6.8 W (4 i.8% 0, o0

n 5% 1 ] [ LRt G, 00 [ o, 00 RERTI




... haar Digitaal
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digital value

True/1 ]ﬂE %%E E.E. EE%EE E E?% ﬁi

0.5-

|:I =

0.5

False/O

0 1 15 I
logical 0/1 — Boolean True/False — asserted/de-asserted — high/low



BiTs (Binary diglTs)
om informatie to coderen

1 Bit 2 Bilts 3 Bits 4 Bits 5 Bits

. . 0O Q0 000 Q000 00000

Met_ 1 _blt, kan 2 verschillende ! ot DS oot NEEOGEH
entiteiten voorstellen L - el el
101 0101 00101

110 0110 Q00110

Met 2 bits, kan 4 verschillende w S
. . 1001 01001
entiteiten voorstellen 1010 01010
1011 O1011

1100 01100

1101 01101

1110 01110

] 1111 O1111

Met N bits, kan 2N e
verschillende entiteiten oo
10100

voorstellen =
10110

10111

11000

Voorbeeld: 11001
{Rood, Groen, Blauw} e

gecodeerd als {00, 01, 10} 11110

11111
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Universele Basis van bewerkingen:
Logische Componenten
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Universele Basis van bewerkingen:
Logische Componenten
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Booleaanse algebra: AND (.), OR (+), NOT (- )

Identity law: A+ 0=Aand A- 1 = A.

Zeroand Onelaws: A+ 1=1and A-0=0.

Inverse laws: A+ A=land A- A=0

Commutative laws: A+ B=B+Aand A- B=B- A

Associative laws: A+ (B+C)=(A+B)+Cand A-(B-C)=(A-B)-C.
Distributive laws: A- (B+ C)=(A- B)+ (A - C) and

A+(B-C)=(A+B)-(A+C). eorge Boole
(1815 - 1864)

Wetten van De Morgan:

Augustus De Morgan
(1806-1871)



Associativitelt

AJ—(B-H) _

[

(A+ 5+ C



Digitale signalen zijn gebaseerd op Analoge Signalen
- Digitale (logische) bewerkingen op Analoge Signalen

digital value

True/l 1

False/O

time (s)

logical 0/1 — Boolean True/False — asserted/de-asserted — high/low



Universele Basis implementatie:
Logische Componenten in electronica
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physical ({(analog) view
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logical (digital) wview (idealized)
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Logische Componenten Implementeren:

SN 7400N met 4 NAND gates (~ 8 transistors)
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manufactured in the 45th week of 1976



Logische Componenten Implementeren:

32 bit MIPS R3000 processor (115000 transistors)
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Exponentiele Groei!

CPU Transistor Counts 1971-2008 & Moore’s Law

Logarithmic scale!
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Logische Circuits hiérarchisch ontwerpen
Modelleren en Simuleren
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https://sourceforge.net/projects/circuit/
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Multiplexor (1 bit)

* Selectie
* Van parallel naar serieel

specificatie: waarheidstabel

A B S C
0 0 0 0
0 1 0 0
1 0 0 1
1 1 0 1
0 0 1 0
0 1 1 1
1 0 1 0
1 1 1 1

how many logic gates?
how long does it take?




Sum of Products implementatie
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C=ABS+ABS+ABS+AB.S

how many logic gates?
how long does it take?




“optimale” implementatie

LD

C=AS+B.S

how many logic gates?
how long does it take?




Bewijs van equivalentie?

C=ABS+ABS+AB.S+AB.S & C=AS+B.S

1. Identieke waarheidstabellen

2. Logica-gebaseerd “symbolisch” bewijs



Bewijs van equivalentie (1.)

C=ABS+ABS+AB.S+AB.S & C=AS+B.S

Cl1=ABS+ABS+ABS+AB.S

C2=A.S+B.S

Cl==C27?
A B S Cil C2
0 0 0 0 0
0 1 0 0 0
1 0 0 1 1
1 1 0 1 1
0 0 1 0 0
0 1 1 1 1
1 0 1 0 0
1 1 1 1 1




Bewijs van equivalentie (2.)



Bewijs van equivalentie (2.)?

B.S+A.B.S & C=AS+B.S
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C =ABS+ABS+ABS+ABS = (distributiviteit . +)
+ A.B).S + (A.B + A.B).S = (distributiviteit . +)

=A.(B+B).S+(A+A).B.S = (+ inverse “uitgesloten derde”)
=A.1.S+1B.S = (associativiteit .)
=(A.1).S+(1.B).S = (eenheidselement voor .)

=A.S+B.S ged. O

8. Sinus re&us peripheriz ; & complementi {ui #quepofiunt radio .

Complementum peripheria dicimus reliquam peripberiam date ad civcali quadrantem . Sit igituy in
pramiffa figura, recta E F, finusreétus peripberie G E vel B C E: & complementi fui C E finus veétus
E D, vel equalis illi A F per trigefimam quariam primi clemeniorum. Dico A F&r EF 5 equepoffe
radio A'E. Nam per penultinwan ptimi Euclidis 'in Triangubes rectangulis , quadrata laterum rectum
angulum continentium , aqualia funt Lateri reClam angulum fubtendenss. Sed A ¥ E eft Triangulum
sectangulum ad F per feptimambujus , cruraverd reétum ambientia funt AF & EF: equepoffunt
ergovadio A'E redtum angulum fubtendenti ; quod erat demonflrandum . .,

Philippe van Lansberge in 1604



Multiplexor (32 bit), “bus”
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how many logic gates?
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Multiplexor (32 bit) implementatie

Select

u - C31
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how many logic gates?
how long does it take?
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1-bit AND, OR

Operation
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)
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1-bit ALU (AND, OR, +)

Operation
Carryln ‘

T
1 = Result

CarryOut



Binaire voorstelling/codering
van gehele getallen

n-bit string “xn1X,, 5 ...X1Xo “ has/encodes value x
X=X 2" +Xx 2" %+ +x, 2" +x,2°

Xeo Least Significant bit (LSh)

Xn-1 Most Significant bit (MSb)

Range: 0to +2" -1

Example

0000 0000 0000 0000 0000 0000 0000 1011,
=0+ ... +1x23+0%x22+1x21 +1x2°
=0+..+8+0+2+1=11,






1-bit adder

™ S

Carryln

a —»

—=5Sum

l

CarryOut

Comments

0+ 0+ 0=004,,

0+ 0+1=01,,

0+1+0=01,,

0+1+1=104,,

1+0+0=01,,

1+0+1=104,,

1+1+0=104,

el N e B = = py e )

k|l ol ol rlkr|lolo

klo|l k| ol r|lolr|o

(el I e O T e Y (e ) o )
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1+1+1=11,




CarryOut

CarryOut = (b.Carryln) + (a.Carryln) + (a.b) + (a.b.Carryln)
= (b.Carryln) + (a.Carryln) + (a.b)

Carryln

Y
CarryOut



Vanaf nu: “only connect”

. 04|00.00.00.00
‘08|00 00 00 00
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def visitFunction(self, funetion):
if typeChecker.debug: typeChecker.typeCheck([function], [Function])
numArg=0
for argument in function.getArgs():
if isinstance(argument, RangeRef):
numArg += len(argument.getCellRefsSet())
else:
numArg += 1
argument.accept(self)

args=self. evalStack[-numArg:]
self. evalStack=self. evalStack[0:-numArg]

if len(args)>l and self. checkValueError(args):

self. evalStack.append(0)

return
execStr="answer = "+function.getWame()+"("+str(args)+")"
try:

exec execStr
except NameError, n:
fName=split(n[0],""")

self. nameError=True

self. nameErrorStr=fName[l]
self. evalStack.append(0)
return

self. evalStack.append(answer)
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