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S{HTY 1 — Digital Logic 3R Number Systems

e uoT oA 82
Paper 2023 2025 (3 Nov 2025 (3 Nov 2025 (4 Nov 2025 (7 Nov  Pd
S1) S2) S2) S1)
Digital Logic + Number 9 8 8 5 6 36
Systems

BY paper T 3T 7 WY | G HTaT t@ TU: K-map ¥ SOP/POS simplification, Gray code < binary
(XOR), 1's/2's complement G| range, Excess-3 (self-complementing), full adder & inputs, PLA |
AND-OR gates, priority encoder, carry look-ahead adder| &1 d: 2023 & B3 UY 2025 H SIERT 31T

Sﬂﬁmﬁgﬁwwmﬁﬁﬁﬁ—computer 3l 1 HY feradr 8, fhR logic gates,ﬁﬂ'circuitsl AR
3R T8 fawa ugd it 78l ugl, d o 51 § US; 8 TS a1 fuwel W et 31

I 1.1 Number System HIIT%?
Number system = 31 P foeRa= BT dBT| B8R system P Uh base (TYUR) @W%—ﬂﬁmﬁw&'@%l

System Base 3id (digits) Jalg ¥l
Decimal (GRIHA) 10 0-9 245
Binary (fg3memr) 2 0,1 1011
Octal 8 0-7 17
Hexadecimal (Hex) 16 0-9, A-F (A=10 ... F=15) F4

Computer Had binary JHI 8, FIfd ITP circuit & &l 81 8TATd 8Id & — ON (1) 3R OFF (0) | UF binary
3% D bit HEA &, 8 bits = 1 byte, 4 bits = 1 nibble|

Decimal — Binary (‘J-ITTT%@_{)
AT B 2 F TR-IR HFT S, U (remainder) T T SHWR TG |

JCIEIT: 13 Dl binary HdGd — 13:2 = 61,622 =329 0,32 =191, 1-2 = 0¥ 1| TH I JW:
11011

Binary — Decimal (PI'H-IIT?@)
BR bit DI IYDH RIF D 2 DI ATd F UM BN 1101 = 1x8 + 1x4 + 0x2 + 1x1 = 13|

Binary — Octal 31X Hex (99§ §ITHR)

* Octal: T8 3R I 3-3 bits & THGI 101 110 - 5 6 — (56)s
* Hex: AT3 3R ¥ 4-4 bits F JHE! 1111 0100 — F 4 — (F4)16

Shortcut: Hex — binary # &% hex 3{® & foIg ¥ 4 bits RIS 1 F = 1111, 4 = 0100, STIT F4 =
11110100 (I8 UH 2025 T U1 TN |

10



I 1.2 Signed numbers — 1's 3T 2's complement
FUTHD (negative) T-AT Eal binary T foragd & o

* 1's complement: & bit 3TC ¢ (0—1, 1-0)1 0101 BT 1's complement = 10101
e 2's complement: 1's complement + 11 0101 &7 2's complement = 1010 + 1 = 10111

n-bit system Range ()
Unsigned 0¥ 2n -1
1's complement —@" - DA+ - 1) — STH Gl zero (+0, -0) Bd &
2's complement 20T (20 - 1)

3qleXUl (8 bits): 1's complement: -127 I +127; 2's complement: -128 A +1271

Trap: 1's complement p GRS SRS range WW@T‘ﬁ%’I 2's complement T zero Wg’f%—
3T computer 2's complement & SWHTA B4 g

1's complement I \_rﬁg (end-around carry): \_rﬁ?aef RS AR Y carry Aed O 31 aRkomd & Jad ET‘Q bit
(LSB) § I8 € — 2023 3R 2025 T & Ut U A

I 1.3 Codes — BCD, Excess-3, Gray, ASCII, parity

Code TR q1g 7@ P 919
BCD B decimal 3{& & 4 bits 49 = 0100 1001
(8421)
Excess-3 BCD + 3 (0011) self-complementing — fodt 3fb BT 9's complement 3Jd bits IeTcH
BAEGESIGIN
Gray code U GBI SATCH HHae 1bit  binary - Gray XOR ¥
eI 8
ASCII 7-bit character code ‘A" =65, 'a' =97
Unicode  gar &t gt yremd UTF-8, UTF-16

Binary — Gray

Ul bit 391 &1, fhR &R bit = fUS T binary bit XOR T8 bit! Binary 1011 - Gray: 1, (180)=1, (01)=1,
(161)=0 - 1110

Gray — Binary
UEaT bit 397 &1, fhR 8 binary bit = U binary bit XOR 3FTdT Gray bit| (G G & XOR — 2025 T U 1)
Parity 3R Hamming code

e Parity bit U 3ifaRad bit & SRR 15 B HoT TBAT TH (even parity) TT YA (odd parity) ST & — T8
9 error detect HT %I
¢ Hamming code parity bits @I 1,2,4,8.. M IR TGl %; g 1-bit error YR (correct) i W%I

11



I 1.4 Boolean Algebra
Boolean algebra AR (variable) Had 0 T 1 @ﬁ%l Fﬁ‘[ﬂﬁﬁmﬁj AND (:), OR (+), NOT ()|

faw (Law) =
Identity A+0=AA-1=A
Null A+1=1A-0=0
Idempotent A+A=AA-A=A
Complement A+A'=1A-A'=0
Absorption A+AB=AAA+B)=A
De Morgan (A-B)=A"+B', (A +B)=A"B

Shortcut: De Morgan = "bar T'ﬁ@ ﬁl?.’ Ea?ﬁ — SW DI bar Fﬁ%ﬁ AT AND I OR 3R OR Bl AND &R
Y

I 1.5 Logic Gates

Gate Output 1 hd? Boolean
AND Ut inputs 1 A-B
OR PIs TP input 1 A+B
NOT input 0 A
NAND ®ig W input 0 (A-B)'
NOR Tt inputs 0 (A + B)
XOR inputs 3{eTIT-3{cIT AGB
XNOR inputs SXTaR (A & B)'

Universal gates: NAND 3R NOR—%ﬁﬁ@WW@WW—ﬁ gates EFTW%I NOR I AND §-TH # 3
NOR gates @d g (G NOT & faIQ, T 3id H) |

| 1.6 SOP, POS 3R K-map

® Minterm (m): dg product (AND) Gﬁ@ input combination UX 1 TIF= Zm(...) = SOP (Sum of
Products) |
¢ Maxterm (M): dg sum (OR) Gﬁ@ combination WO G| F = MAM(...) = POS (Product of Sums)|

Karnaugh Map (K-map) & fFraw

1. Cells Gray codeﬂﬁﬁﬁ% (00, 01, 11, 10),3?‘%112%31@[@“5 ﬁ%ﬁ@variable EIEFIFIT%I
2.1 chlls%ﬂ'&?(group)a:iﬁ—&w 1,2,4,8(2 ﬁ‘iﬂﬁ)l

B.WWW, term 3T BICT| ﬁﬂﬁ(edges) Wﬁ@@ﬂﬁﬂﬁ%l

4.8 1 HH-Y-HH U Y4 A g, g 3NaRaY g1 I&d g

JSTERUL: F(A, B, C, D) =Im(0,1,2,3,8,9,10, 1) | @ cells AT TR C FS N &, DS 1 Y, siRB=0—
gt 8 cells 1 Th JHG — F = B’

12



Trap: 39 UY & o0 SMABINSG key H "A + B + C + D" forar o1, < Ual el 81 2(0,1,2,3,8,9,10,11) H A 3R C,
D i Sead 8, Fad B = 0 FRR § — 3fore Iel I B' 71 Uten H fadved S@as el g |

JalerUl (POS): F(A, B, C) = NMM(1, 2, 4, 6) | maxterms%"— 001,010, 100, 1101 My =(A+ B+ C'), M = (A +
B+O), Ms=(A"+B+C),Mg=(A"+B" + Q)

I 1.7 Combinational Circuits

Output Had aAHT inputs IR Rk — Tﬁi memory Tal

Circuit Cat|
Half adder 2 inputs (A, B) = Sum = A @ B, Carry = AB
Full adder 3 inputs (A, B, Carry-in) — Sum, Carry-out
Ripple carry adder full adders @t %j@?ﬂ; carry Uh-Udh BB M 7T % ('iﬂ'J:I'D
Carry look-ahead adder carry Ugd gl fbra ot % — ripple Cil propagation delay g3 &Xdl %
Multiplexer (MUX) 2" inputs o1 ?fi?ﬂ%; n select lines
Demultiplexer 1 input PI2n outputs T TH TR ordl ?
Encoder 2" inputs — n-bit code
Priority encoder Eh_if inputs U HIY 1 a RIK:GE: thﬁ priority a1l BT code a?ﬂ %
Decoder n inputs — 2" outputs
PLA programmable AND array + programmable OR array

I 1.8 Sequential Circuits
Output CRUIE] inputs 3R el srawa (memory) H R R 11?1’33'7@: flip-flop (1 bit store Xl %} I

Flip-flop fa=iar
SR S = R = 131 (invalid)
JK J =K = 1 IR toggle — SR &1 HHI g3
D output = input (delay/data)
T T=1W 8 clock WX toggle — counter &

* Register: flip-flops &1 HHg — data store 3R shift AT |
e Counter: clock pulses =T g n flip-flops 2" AR |
* Asynchronous (ripple) counter e synchronous counter T et flip-flops Th Bl clock TR

I 1.9 Memory, A/D-D/A 3R Logic Families GREE)]

* RAM (volatile): SRAM — flip-flop, aTr[ cache ff; DRAM — capacitor, refresh ElT%Q main memory =
ROM (non-volatile): PROM (T §R), EPROM (UV ¥ i), EEPROM (fsTedt & f#12), Flash|

ADC analog Eal digital T, DAC digital Gal analog A geadr gl

* Logic families: TTL (transistor), CMOS Wﬁ@?ﬁ — gy 3{H), ECL (ﬂaﬁaﬂ)l
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| PYQ-style 5a fFT T Uy

1. (F4)16?ﬂbinary%—(a) 11110100 (b) 11110010 (c) 10110100 (d) 11100100 3«IR: (@) — F = 1111, 4 =
01001 (2025)

2. Gray code @' binary H §&a & oY HIF-TT operation TART BIdT 82 (a) AND (b) OR (c) XOR (d) NAND SR
(€)1 (2023, 2025)

3. Excess-3 code self-complementing T} 82 (a) TTH parity g (b) Tt 3fh BT 9's complement IS bits
Idc I firerarn % (c) Ug Gray code % (d) Ig 2's complement % 3R (b) | (2025)

4. Full adder # farca™ inputs BT 87 (a) 2 (b) 3 (¢) 4 (d) 1 — FWR: (b) A, B, Carry-inl (2025)

5. Ripple carry adder Gl propagation delay &1 JET -7 adder _QRW%? (a) Half adder (b) Serial adder
(c) Carry look-ahead adder (d) BCD adder — 3%IR: (c) | (2025)

6. PLA T logic §H & T ®19-¥ gates BId 87 (a) B NAND (b) AND 3R OR (c) %dd XOR (d) NOR 3fR
NOT — S¥R: (b) | (2023, 2025)

7. Priority encoder &l h1H % — (a) inputs B priority o (b) memory clear AT (c) data GiIS Al (d) clock ST
— 37IR: (a) | (2025)

8. n-bit 2's complement @I range T— (@) 0T 2=1(b) =2 F 201 () —@" "= 27" =1 (d) -2 F 2" —
3WX: (b) | (c) 1's complement @I range %’I (2025)

9. 1's complement Gﬁ‘s’f{ g H carry fAea dr — (@) @3% (b) LSB ff\_rh???{ (c) MSB 2| \ﬂ\lg (d) 3R BUMTHD %
— 31X (b) end-around carry| (2023, 2025)

10. A = 101010, B = 111111 I dl (A AND B) OR (A AND B') = ? — A AND B = 101010, A AND B' = 000000,
OR = 1010101 (3Y TR HY: AB + AB' = A(B + B') = Al) (2025 — key T 111111 134T Y[ Boolean 474 & 3R A
= 701010 &)

| sy

1. (25)10 T binary — (a) 11001 (b) 10101 (c) 11011 (d) 10011
2. (101101), hT decimal — (a) 43 (b) 45 (c) 47 (d) 53
3. (57)g DI decimal — (a) 45 (b) 47 (c) 57 (d) 39
4. 8-bit 1's complement @1 range — (a) —128 ¥ 127 (b) -127 ¥ 127 (c) 0 ¥ 255 (d) —255 ¥ 255
.0110 T 2's complement — (a) 1001 (b) 1010 (c) 1011 (d) 0111
. Binary 1100 T Gray code — (a) 1010 (b) 1000 (c) 1110 (d) 1011
. 7 DT Excess-3 code — (a) 0111 (b) 1010 (c) 1001 (d) 1100
. Universal gate %— (a) AND (b) OR (c) NAND (d) XOR
9. XOR &1 output 1 hd? — (a) inputs SRISR (b) inputs 3T (c) aHi0 (d) Sl 1
10.,A+AB=?—@)B((b)A()AB)A+B
1. (A+B)=?—(a)A"+B' (b) A"B' (c) AB(d)A +B
12. 8 inputs dTdl MUX H select lines — (a) 2 (b) 3 (c) 4 (d) 8
13. 3 inputs dIciT decoder fra outputs | % — @) 3(()6(c)8(d)9
14. JK flip-flop HJ=K=1WR— (a) reset (b) set (c) toggle (d) no change
15. T flip-flop ﬁ\fmﬂﬂ?ﬁ?ﬂ%— (a) counter (b) adder (c) decoder (d) MUX
16. SR flip-flop 1 afSid RUFT — (a) S=0,R=0 (b) S=1,R=0 (c) S=0,R=1 (d) S=1,R=1

o N o w»
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17. Refresh @1 S=Rd {8 memory § — (a) SRAM (b) DRAM (c) ROM (d) Cache
18. UV light ¥ f8e a1l memory — (a) PROM (b) EPROM (c) EEPROM (d) Flash
19. 94 HH foora! arell logic family — (a) TTL (b) ECL (c) CMOS (d) RTL

20. K-map & cells mﬂﬁ@ﬁ%— (a) binary (b) Gray code (c) BCD (d) ASClI

3TR: 1-a-2-b-3-b (5x8 + 7) - 4-b - 5-b (1001 + 1) - 6-a (1, 1©1=0, 10=1, 0p0=0) - 7-b (7 + 3 = 10) - 8-c -
9-b-10-b-11-b-12-b-13-c- 14-c- 15-a- 16-d - 17-b - 18-b - 19-c - 20-b

| t U= e

aa a1 e
Binary — Octal / Hex 3-3 / 4-4 bits %FWIG'
2's complement 1's complement + 1; range -2 § 2n1-1
1's complement Gl zero; end-around carry LSB o
Excess-3 BCD + 3; self-complementing
Gray « binary XOR
Parity &dd detect; Hamming 1-bit correct
De Morgan (AB)' = A" + B'; (A+B)' = A'B'
Absorption A+AB=A
Universal gates NAND, NOR
Full adder 3 inputs, 2 outputs
Carry look-ahead ripple delay X
MUX 2" inputs, n select lines
Priority encoder T St priority @I code
PLA AND array + OR array
JK (J=K=1) toggle; T flip-flop counter o
DRAM refresh; SRAM cache
CMOS T HH faefett
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