1 Summary: Binary and Logic

e Binary Unsigned Representation : each 1-bit is a power of two, the right-most is for 2°:
0110101y =2° +2* +22 420 =324+ 16 +4 + 1 = 534

e Unsigned Range on n bits is [0...(2" — 1)]. For n=4 we have the range
[0=0000, 1=0001, ..., 15=1111]

e Binary Two’s Complement Representation : same as unsigned, except the power of two for the first
bit (the sign bit) is with negative sign. When the signed bit is 0 its positive identical with unsigned
transformation; when its 1 that power of two is negative:

01001015 = +25 422 420=324+44+1=3Ty

1100101y = —26 425 4+ 22 +20 = 64 + 324+ 4+ 1= —64+ 37 = —2Ty9

e it is essential to know how many bits to use, to know which bit is the sign bit for negatives:
7 bits two’s complement : -27 = 1100101
10 bits two’s complement: -27 = 1111100101

e Two’s Complement Range on n bits is [-2"71... + (27! — 1)]. For n = 4 we have the range
[-8=1000, -7=1001, -6=1010,... -1=1111, 0=0000, 1=0001, ..., 7=0111]

e 3-Step rule to convert from base 10 to two’s complement negatives
- write in binary 27 = 0000011011
- flip the bits 1111100100
- add one 1111100101

e addition works like in base 10 with carry bit 1+1 = write 0, carry 1 ;
14141 = write 1 carry 1 etc
e subtraction base2 : use addition of the negative value

e base 4 = 22 use every two bits in base 2 to make a bit in base 4:
01001015 = 0-10.01.01 = 0_(val = 2)_(val = 1)_(val = 1)4 = 2114 = 3739

e base 8 = 23 use every three bits in base 2 to make a bit in base 8:
01001015 = 0-100_101 = 0_(val = 4)_(val = 5)g = 455 = 3719

e base 16 = 2 use every four bits in base 2 to make a bit in base 16:
01001015 = 0100101 = (val = 2)_(val = 5)16 = 2516 = 3710
00110112 = 001_1011 = (/U(ll = 1),(1}&[ = 11)16 = 1316 =16+ 1110 = 2710

e any base, like base=3 : break the number into powers of 3, with coefficients {0,1,2}
3510=27T+6+2=3"+0%3"+2%3" +2x3°=1022



4-bit Signed Binary Number Comparison
1posrep flip(posrep)

Signed Signed One's Signed Two's
Magnitude Complement Complement
+7 0111 0111 0111
+6 0110 0110 0110
+5 0101 0101 0101
+4 0100 0100 0100
+3 0011 0011 0011
+2 0010 0010 0010
+1 0001 0001 0001
+0 0000 0000 0000
-0 1000 1111 -
-1 1001 1110 1111
-2 1010 1101 1110
-3 1011 1100 1101
-4 1100 1011 1100
-5 1101 1010 1011
-6 1110 1001 1010
-7 1111 1000 1001




e LOGIC TABLE
A B|AAB(AND) | AV B (OR) | A& B (XOR) | -(AA B) (NAND)
1 1 1 1 0 0
1 0 0 1 1 1
0 1 0 1 1 1
0 0 0 0 0 1
e DNF (OR between clauses for out=1); CNF (OR between negated clauses for out=0). EXAMPLE:
A B (| output DNF CNF
0 0 0 0 AvBvC
0 0 1 1 - AAN-BAC
0 1 0 0 Av-BVvVC
0 1 1 1 —AANBAC
1 0 0 1 AN-BA=C
1 0 1 0 -Av BV-C
1 1 0 1 ANBA-C
1 1 1 0 —AvV-BV-C
DNF = (FAA-BAC)V (FAABAC)V(AA=BA-C)V(AABA-C)
CNF =(AVBVC)A(AV=BVC)A(=AV BV -C)A(=AV =BV -C)

e BOOLEAN ALGEBRA LAWS (1=true=T; 0=false=F)

Commutative laws PAG=qAp
pVg=qVp
Associative laws (pAQAT=pA(gAT)
(pvgVr=pV(gVr)
Distributive laws pA(gVr)=((pAqV(pAT)
pV(gAr)=(VagA(pVr)
Identity laws pAT=p
pVF=p
Complement laws pAN—-p=F
pV-p=T
Annihilator laws pANF=F
pvVT =T
Idempotence laws PADP=D
PVP=Pp
Absorption laws p ANpVg =p
V(pAg) =p
Double negation law —(—p) =
De Morgan’s laws —(pAqg)=-pV q
~(pVg)=-pA—q
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