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A 73 (1)1 4 4749 operation & Al g st&
calculator A4 & A A2 dAaky o 4 2baich
) # = calculator o] Fxz3 9 (architecture de-
finition )2 5t ©| calculator o= ojwj gt 4=}
(component)r} ¥ g 3tct= 7 & 4o (declare) 5}
| 4702] operationo| Fololels AL
52 A mAgeh z2Ela 7l A 23 6 A calcula-
tor 7} sloj 33} Data Flow H.F 2 slof gleh=
A& s48cl E# 2= calculator o] ¥ E oper-
ation & # o] 54 (control sequence)z x|zt
o] Ao gL Aoddt £x8 A4 clock pulse
U2 A8 5]+ microoperation ¢ ¥ ¥ E opera -
of 7zt 4 o] HA 5 A
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2.1 Calculator of Control Seguencer
A7 A o] AAZ AYPdhe B 4
288 AAa ok ghch o] EEAl£¥-& control

sequencer g} 3}w 2z} microoperation & <3 3}
=dl " g3 timing pulse S & o8 yrl of A
clatzdl dAlE Al 7hA el ez o 4 gk

1. 5} state o] s« gt flip—flop (one flip-
flop per state)

“EEE: #@ Cornell X Tk BRI #&-Li§

2. Register 2} Programmable Logic Array
(PLA)

3. Microprogramming

al 47} ¥}y 2 Hardwired control o} g} g}v}.
Microprogram control & #2 ROM & &+ A
ok, 1Y A stna A Aejo] y3lrt 2l s RO
M WH-gak v FREA AL TR dhFH A gotd
Zvc}. Control sequencer = 7.8 13} 7o 3|2
£ AAY ¢ 9o

A Zshe switch & v o w microoperation |
2e] A #gkel. 4]#sl= switch & synchronizer
%314 microoperation 1-¢ 93} pulse 7} )
ol 4 1} ¢ = microoperation 2 conditional
branch & €59 457} Hasixl gold flip—
flop &8 Q.9 instruction register bits IR, 9}
IR 9} & ¢+5}Al ANDE sl 4 microoperation 3, 9,
14 & 4 pulse§ 3,9 144 Wk Microoper-
ation & 3} 4357} 394 vd flip-flopEd Q
2k IR o] AND3%}= 2 microoperation 59 74
£%k pulse & 59 7el4 ek 7% microo -
peration 59 7-& A& F= 17 (Halt) & zivh of
2 microoperation 2 ¢4t pulse = o]z 3=
ANA FHo W oz AA gl o] Wy o dajuby
o2 HE Qo= 3 stated) @g flip-flop (one
flip- flop per state)ulyole}l s flip- flop o}
A ghol HA SIBRA= v TEHN A A
=d #83 Azlo] AASE Adol Arh Ay
2,3 4 43 o d9gstarct

=
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121 1. Control Sequencer One Flip —Flop per State

2. 2 Data Flow

Data Flow Y22 register x}olo] A& A g
sl A dlel ezt sl S Aol Al sk Fteleh 7
microoperation o] 4|8 & o Ao} F R4 o0&
timing pulse 2 Q&4 wlo|glr} &3] 22l o}
gtcl, o 7] 4] register Ag] 4bit o}a.& microo-
peration 3 3} 14¢l A £%32 SAdA o3 mi-
crooperation 5 7oA ALU £&eo| 4] &vl 2
el= 24 multiplexing o] ™ g3stet. of=dt wlo]

Elo] 9-zlqlo] AHB3ls] &A= 7 registersl A
LUeI ek tlelel 52l £3d¢ & Alof pulse &
#c33] mode A A A s Folof qeh o
mode # o] S register AR ol TTLA 7419
4(2)el ol®ete ol g3 7L mode Ao
A 5 geh

o] mode control X} & register A 7} ] 7}A
o] 7158 gohe Aol ZAI= gtk 3EY fun-
ction © 2 A<SAo[# o] & ¢ 3t modeterminal

o Clear =S ,;=S,= 190|7 microoperation 33}
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Table 2.2.1 Mode Control Table 1

Regi - Mode Terminals | Microoperation
st Function
ster A Clear | S; | S, No,
74194
A—SA H H |H 3¢ 14
i, A~
A 1B H | HH 5
1, A~
A~B H H |H 7
A ~right
shitcay | B | HIL 16
No A H LiL PR rr.ncro -
operation operations

Mode Control Logic for

Register A : Clear =High H=High=1 L=Low=0

(74194) S;=3+5+7+14+ 16
Sp=3+5+7+14

149l A4 A s xlch clear o} §;3 Sp¢| mode con-
trol =el= o] FollA clear & 34 1ol So2
33 59 73 14wl 1o
B g Z control sequencer (1])¢] timing 4l &
H2 33 58 T3 4otk w4 SE=3+5+
74 140lch = §; & o] X4 microoperation
33k 149 73 16%" lolzg $,=3+5+7+H4
+ 16 ¢]el. ©}-& mode control ¥ 2+ microop-
eration 59 72 8% o} ALUS mode ter -
minal gol ¥l 44 HAGh TR wyow

register B9} register ] 1} regisier [RE ¢

microoperation

5} mode control & 73 4 vl o|xnoE A
ol 3B 4AE g Rolch

thoo data flow ¥3e] 445 5 28oe
Foi 4 & 4 givl. =, Data path Connec -
tion 85 gt o] & s =]+ microopera-
tion & 4@ sk o # register v} ALUS ¢ #
o] ojr]A &cli AL EAlgel. Dath Path Con-
nection Table ] o] register A 2] gJ#o] of ] A
Lol AL FAdled A Fe| 4 microoperation
33 145 AFY o gfdHeo] 283 SANA Lot
£ AE Z4aeh ALUe sl A+ Table2d gl
el cb & register & Yl A Fx2 wygow AA
gkt

ALU4 mode control table & t} &3 %r/ﬁr,

Data Path Wiring & 2% 2%} zto] 7% 5 9l
¢}, Data Path Witing 2 Data Path Connec —

BRBEE FINEFE8R 1982F 85

Table 2.2.2 Mode Control Table 2

ALU Mode Terminals Microoperation
Functi
81 unction Ty Cy AASER No
add L|H/H|L]|L|H 5
Subtract|L |L|L|H|H|L 7

Mode Control Logic
for ALU: M=L
(74181) Cy=5 S3=5 5,=7 S, =7 S,=5

tion % ¢} control sequencer o] 4 ¢ timing
pulse Z s 4 7 TTL chip 9 Data terminalZ®
AgstAl AT RE BT

Table 2.2.3 Data Path Connection Table |

Regis . Inputs to Register |Microoperation
Function
ter A A from No
19| A SA | Switch SA 39 14
1,A~A4B| F terminals of ALU 5
I, AvA-B| F terminals of ALU i
Data Path Connection Tabble 2
. Microoperation
ALU JFunction |Inputs to ALU from N
74181 0
Register Ato A
/, A | terminals 5
A + B | Register B to B
terminals
Register A to A
[, A+ terminals
A-B Register B to B 7
terminals

2. 3 State Diagram

721l A o] calculator ¢ operationg
microoperation 08 3% 4|3 Aol £ 4 2 State
Diagram o2 EA|¥ 4 ¢t Microoperation2
gt clock pulse A7k Ajfsted Wasieh Ao
T A %ol 4 o]e{g} operation & state & assign
gheb. & of calculator Aol 4o A& N 1, 3 5
7,9, 12, 14, 16,3 170]9 ojx# & T, Ty, Ts 5
o2 Yk N 2 4, 6, 8 10, 11, 13 15+ br-
anch operation o2 H 27 I gglo]l 7o e}l
v =z] variable & <4 =¢] (sequential logic)
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o] oJ= o @ A3hT state transitione| #vh 1 oo state diagram & # A state table & &}
Y 33 7o state diagram & AYY F Uk 3 14 &= flip- flop @Y+ PLA (3) =&
. A A&l 5 Ao)eh. D flip-flop & 44 olz{gh
2. 4 R;f;ter <2} Programmable Logic Array o @ control sequencer & AA|sld 2% 49 3
| o (}( . ) ) ' - ' 27} 5k 1% 39 state diagram 2 state ta-
o] Aoy synchronous 4] x=g] & A . e
i ;dfa I oo u Tﬂ I }]E “ ble ¢} D flip- flop.& ajwi3l oJ Y& gt 52
iming pulse & o2 W+ oltt. g BRR
g s %8 = g Table 2 4. 1 ZEA# o] HellA HAE A Pre-
ALU
ALU ALU
ALU ALU
Clock Q Clock Q
Vee I ! Vee—— 1
, ] ]
1615 14 13 12 11 109] A 16 1514 13 121110 9
Q4 0g Q¢ Q Qp Qg Q¢ Qg
74194 B
74194
A B C D A B C D
1 2 3 4 5 6 7 8 1 2 3 4 5 6 7 8
e o o _:L J L -
SBp B SB( 5By
—— 3
—— 5
—— 7
74157 — 9
——16
2 to 1 MUX CK ——14
g & UZ £
i Ql
D
—
SwitchSAA SAD
e 16) Ao
24 23 22 21 20 19 18 17 15 14 13 from
E ALU
(9 3
~
ALU
74181
Fo F1 F2
12 3 45 6 7 8 910 11 12

L

oel 2, Data Path Wiring
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a2l 3. Calculator o State Diagram
sent state »} (0000 (T, state)e]s [R =0 Y
next state s} 0001 (Tystate)® »}o o}l 9
IRo, Bo® PA(=AVAIVAVA3) 9 PB( =By
VBiVB,VB;) & A=z ggoww don"t care
condition ejvl. 23 4] EAlxe] o= Dflip —
flop ¢} gl# 3} 2+ state 5 Z = o| state table &

AOVA]VAZVA3

ERPOE H31%E HW 19824 87

WA ARstedok gst. o714 PLAE 4 A com—
binational circuit & AA sl ol o] PLAY ¢
Ho sAx=zlslze gJgql IRy, IRe. PA,PB,Bo
9} D flip-flop o £33l yq, ¥, ¥2. Y1 PL
A8 92 Ty, Ts. Ts. T7w Too Tizs Tiar Tie
T 3 D flip- flop o 98 Y, Y;, Yz Yzolsh
wz}q Table 24 229 PLA Table & 7% 4
o}

—_—
IR‘

—_—
'RD

PA——

P

PLA

AE) ]

Y Y2

A vy

Yo

2| 4. Calculator ¢] Register ¢ PLA Control
Sequencer

Table 2. 4.1 Calculator o State Table 3} Flip- flop Inputs

Present State I NPUT Next State Flip — flop

Va Yz V1 Yo IR, |IR,|PA|PB | B, } Y, Y, Y, Y, D, D, D, D,
0 0 0 0 (T 0 d | d a | d 0 0 0 1(Tg) 0 0 0 1
0 0 o 0 (T 1 0| d d d (V| 0 0(Ty) 0 1 0 0
0 0 0 0(Ty) 1 1d d d 0 1 1 0(Ty> 0 1 1 0
0 0 0 1 (T3 d 0| d d d 0 0 1 0(Ts) 0 0 1 0
0 0 0 1 (T d 1(d d | d 0 0 1 1(TyH 0 0 1 1
0 0 1 0(Ts) | d d |d | d |d 1 0 0 0(Ty;) 1 0 0 0
] 0 1 1 (T d d | d d d 1 0 0 0(T) 1 0 0 ]
0 1 0 0 (Ty) d a | d 1 1 1 0 0 0(Ty;) 1 0 6 o0
0 1 0 0 (Ty) d d | d 1 0 0 1 0 1(Ty) 0 1 0 1
0 1 0 1(Ty | d d | d 0 0 1 0 1(Tyy) 0 1 0 1
0 1 0 1(Ty) | d d | d d 1 1 0 0 0(Ty> 1 0 0 0
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0 1 1 0 (Tyd d | d |d 1 0 0 0(Ty) | 1 0 0 0
0 1 1 0(Ty) | d d 1| d|d 0 1 1 1(T) | 0 1 1 1
0 11 1 (T | d d|d | d|d 1 0 0 0(Tr) | 1 0 0 O

o
j=9

T, =0000 Ty, = 0101 PA=A, VA, VA, VA,
Ty = 0001 Ti,=0110 PB =B, VB, VB, VB,
Ty =0010 Teg=0111 d =don t care
T, = 0011 Ty =1000
Te=0100
Table 2.4.2 Calculator & PLA Table
Product INPUTS { OuTPUT
term Y3 Y2 V1 Yo IR} IRg PA PB By| Yy Y, Yy Yo T, Ty Ty T, Tg T}, Ty Ty Tyr
1 0 0 0 o 0 X X X X{o o6 0 1.1 0 0 ¢ 0 0 0 0 O
2 0 0 0 O 1 0 X X X0 1.0 0 1 0 0 0 O O 0 0 O
3 0 0 0 o 1 1 X X X{0 110 1 0 0 0 0 O 0 0 O
4 0o 0 0 1 X 0 X X X{o o 1 0 0 1 0 O O O o0 O ©
5 0 0 0 1 X 1 X X X/lo 0 1 1 0 1 0 0 0 0 O O 0
6 0 0 1 0 X X X X Xfi1 06 0 0 0 0 1 0 O 0 O 0 O
7 0 0 1 1 X X X X X{t1 0 0 0 0 0 0 1 0 0 0 O O
8 0 1 0 O X X X 1 il1 o 0 0 0 0 O O 1 0 0 0 O
9 6 1t 1 0 X X X 1 00 1 0 1 0 0 0 0 1t O O O O
10 0 1 0 1 X X X X 6j] o 1 0 1.0 0 0 0 0 1 0 0 O
11 6o 1 0 1 X X X X 141 0 0 0 0 0 0 O O 1 O O O
12 011 0 X X 0 X X1t 0 0 0 0 0 0 0 0 0 1 0 O
13 6 11 0 X X 1 X X/0 1 1 1 0 0 0 0O O 0 1 0 O
14 0 1 1 1 X X X X Xlr o 0 0 0 0 0 0 O 0 0 1 O
T25 #Ferh
2. 5 Microprogram x| 0§
Control || control
Aol 2 984 timing signale flip-flop = lr Memory = Vigmory
22 k7 z] 24 (memory) register & £ <4 ¢)vh T -
Memory o] 7]l 5] word & #lojo] 2= o 3} bit l::: Control Memory
o] 1o]9 oj3 % Aol timing signal & xs ¢} Data Register
2 timing signal & ©}2 memory word o 4] of
g ol & A o] = = Instruction Next
mrcrotmeeraction oot s of A mieer | e [ A corger e

program Ao} g} dtrl. Microprogram Ao = =

€ #°l WORD & ROMo| €14 A4 ¢+ (Read)

operation -% ste] timing signal & 4 4= 9ok
Microprogram #loj = ¢ubd o2 ohga L 7@l 5. Microprogrammed #)of

{Condition}
Register
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# ol word @ 0] microinstruction £
format o] c}g3} ek

Control Signal | Next Address

Microinstruction o] o] 2l & 4] 2H) i"i%% 2
3} microoperation g x| 2| 3}nf ©] microopera -
tiong 4@ st ol aolE #H ol timing signal &
Control Signal Fieldo4 et si®s+ mi -

select &= (01 o]}, Table 2.5 14 » select

7F 001 ¢l = control Address Register ( CAR)

o gJy& sdgeh webd [R, =001 Next

Address 7} 0001 o7} IR\ATRe= 101w 0100
Table 2.5 1 Multiplexer o 7 &

ROM bits

13 14 15 Multiplexer Selet

crooperationg +]#l 3t Next Address Field
o} instruction register ¢} o} & & 45+ regi-
ster ¢ ol uloje}2 44 Next Address Cir-
cuit o A t}-& control memory ¢ Next Add-
ress 2 AAgrl. v}& Microinstruction o} 3

A Address cfgol Ay 2% 2 ¢rowl Address o

0 0 O/ Increment CAR

-

0 0 1|4& CARq 7o

IRG=10l" 2J¥¢& CAR,
TR,= Qo] = increment CAR

AL 5 Ak

Calculator o] microprogrammed control se-
quencer = 718 63 Table 25 1d &A=} g
orn] ROMel| ¢l microinstructione Table

PBABy=10l4 31&d2 CAR,
PBABy= 0°l4 increment CAR

By= 101" 932 CAR,
By= 004 increment CAR

2.5 1o 345 9rh. ROM Address (000

PA=1ojw 98¢ CAR,

of = state T, 2| timing signal 2 sl bit 10 153
- . PA= Qo] increment CAR
7} 1o] Next Address Field o= (000¢°] =
IRy ARG IR,
Q 0 1 0 1 0 1]
[ 1,
1 Ty
— 9 2 Tg
/ ROM N
Control 4 Ty
5 T
— 10 Adgress 12
— 5 Tia
Register ? T1e
i » i
Ez}_/ 11 cam)
[
Next 10
jl_/S\ 12 Address "
12
Increment Load input 13
Selecl[ 14
i 0 0 0
IR.I/\|R0 15

So
T
multiplexer 1
01 2 3 45 6 7 5;
1 1R, By PA
Yans,

18} 6. Calculator &) microprogrammed Control Sequencer

(584)



HA% Aad vholaz

Table 2 5 2 Calculator ¢ #lo] Microprogram

Z2AA AA — 43 —

RO M R OM OUuUTPUTS
T, T3 Ty T, Ty Ty Ty T Ty Next Address Select
Address
0 1 2 3 4 5 6 7 8 g 10 11 12 13 14 15
0000 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1
0001 0 1 0 0 0 0 0 0 0 0 0 1 1 0 1 0
0010 0 0 1 0 0 0 0 0 0 0 1 1 0 0 0 1
0011 0 0 0 1 0 0 0 0 0 0 1 1 0 0 0 1
0100 0 0 0 0 1 0 0 0 0 0 1 . 1 0 0 1 1
0101 0 0 0 0 0 1 0 0 0 0 1 0 1 1 0 0
0110 0 0 0 0 0 0 0 0 1 0 1 1 0 0 0 1
1000 0 0 0 0 0 0 0 0 0 0 1 1 0 1 0 1
1001 0 0 0 0 0 0 0 1 0 0 1 1 0 0 0 1
olm IRAIRe=1¢°ls 1000¢ich =& %2] RO 0 23
M Address (001 ol state Ty7} 1o|n Next
Address & 0011 °lch aeid select 4= 010 ¢l
=24 (Table 2.51) [Ro= 10l® Next Addr- (1] A=a, "o Ao vlejas 2244
ess Field ol 9t T, < 93t 0011 & CAR o 7 AA T, AAA AdA - 17, 7 F3sE A, A 31
4, 1982. 74.

ol 1892 4w [Ry= 1°|= increments} =&

Next Address 7} T5-8 93l 0010zt 7o)t}

2.6 & =

of woll A AR A uby-E 44 calculator
AA Pt olggh sy og AAE A
Aol -3 vl ¥ F oz slof glow Aofi
dA S A4 Ao A S 4 A Sho] of Tk
o] Ao} =42 microoperation &
o2 BAY & vk Aol H 3 Al
flop per state w4 & x>} state diagram 2
4 4 state table &
ential circuit & A& sl= g8 4]
circuit 228 PLAZ AAlst 4 gk o] ¥ 5}
A w0 AAx Ho & Hardwiredsleof el gt
- W A Aol RS A
g} A& microprogrammed x]o] g} ek o] 4 7t
2wl & v} 4 calculator &

o

e 4] 2]

He do u
[m oy

by

state diagram
one flip -

T3 4 synchronous sequ-

combination

t}. Microprogramming <

A A gk
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