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Chapter 1
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3. a|bfab|(ab)y|a |b|a+b a|bla+b/(a+b)y|a |b |ab
0|0 O 1 111 1 0|0 0 1 1111
o|j1|0 1 1|10 1 01 1 0 1/0| 0
1/0]0 1 01 1 110 1 0 0(1]|0
1111 0 0O 0 1|1 1 0 00| 0

4. @ wW+x+y+2Z

b) w+x+yz
C) WH+X)+(W+Y)+W+2)+(X+Y)+(X+2)+ (Y +2)=w+X +Yy +Z

5. a) wxly700 01 11 10 b) wxly700 01 11 10
00 0|0 00 0
01 0|4 0 01 0
10| 0 j 11 0
10| o 10 olo]a
WXY +wxz+wxy +wx'Z XZ +Wy +xz+xy

or or
XYZ +Wyz+xyz+wyz XZ +wWy +xz+y7Z

6. Wxy400 01 11 10  p) wxy400 01 11 10
00) o]0 oo [1[1[x
ol J[(XT\|le] odo[xX[x]o
11| o ({2 0 1molo[Xx]|o0
100 | X | X]|O0 WX XX

WZ +xy X

7.8 wxy400 01 11 10  p) wxy400 01 11 10 ¢) wxy00 01 11 10
OOOﬁ\OO 00 0]j]0|O0 0goj1]|]0]1
01 0 | 0 o011 0|0 0oy1|0j1f{0
11 1 J[D] 1l J] o [[T] 1of1]o]1
10001000 10 ooL 1g1({0|1{0

WX+ XZ+WYy'z YZ +xy +wZ Already minimal

8. a w b) e c

x X
Y
Y
X Y
Zz
z z
9. wxy +wxz+wxy+xyz: WXyz00 01 11 10 w
000 0jJ0O0|0O]O0
oo0|[i N
WAQlII8u D
1000000
7
WX + Xy
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10 a) b) INPLT 0 o 2 -1
. iNfuT 0 o 4.1 INPUT 2 i X
INPYT 1 =l Moy s‘
©
INPOT Z -z
INPUT3 =3 g s, INFUT Z —o 20,
T 1 e 2-i INPOT 3 ¢ . ‘ Lo 4 -/
s S ! o peX
: e Mox 3 Se . >
‘ s INPUT 4 —o z2-¢ l 3 Se
INPUT 4 o mvx T
4 ] INFUTS ~ . 3 5,
INPUT S 1 Sz T
MX So
INPUTE |2
INPUTT 3 INPUTE o 2ot
L2 INPYT T 4
T T f
s 5, So

11. Change the AND gates to NAND gates. The rest of the circuit is unchanged.

12. Remove the tri-state buffers and do one of the following:
a) Change each 2-input AND gate to a 3-input AND gate. Each gates inputs should be its two original
inputs and E, or
b) Have each AND gate's output serve as an input to another 2-input AND gate, one gate for each origina
AND gate. The second input to the new 2-input AND gatesisE.

13. INPUT O —o
INPUTZ 2 % !
V I
INPUT3 3 <
: { >
INFPUT 4 Jo
INPUT S 41 =
Se ]
INPyTE 2 v _®_ﬁ
iNPeTT? 3 . :D v
& J Sa

14. INPUT ©
INPUT ¢

INPUT 2
INPUT 3

INFOT 4 e
INPOT 5 i 5
S0
INCyT & 2
)
wrory Js v v
o )5,
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15. Set up Karnaugh maps for each output, then develop minimal logic expressions and design the appropriate

logic circuits.

X>Y XX\ViYJ00 01 11 10 X =Y: XXo\YiYJ00 01 11 10 X < Y: XXo\YaYd 00 01 11 10
o0d0]0]0]0 od1]0]0]0 od 0 [T T
olM|o]o0]|o0 ofo|[1]0]0 ofo|o |y
11:@‘1\ 0 | (@] 170[0[1]0 170000
11 (Yoo 10001 1qo[o|@]o0

(X>Y) =X1Y1' + XoY1'Yo' + XoXo Yo'

(X=Y) = X' Xo Y1 Yo' + X' XoY1' Yo + XiXo'YiYo' + XuXoY1Yo = (X A Y2)'(Xo A Yo)'
(X< Y) =X,'Y1 + X1'Xo'Yo + Xo'Y1 Yo

YO
]
] x>y
|
3
7
X=Y
A
—)
]
{ x<Y

16. Ci=XoYa+ (X A Y)(XoY1+ (Xe A Y)(XoYo + (Xo A Y0)Co))
Ca=XaYs + (X3 A Y5)(XaYa + (X2 A Yo)(XoY1 + (X1 A YD (XoYo + (X0 A Yp)Co)))

)

—C
CO i

17.

Xo
Yo

X —1
Y, —
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18

XX\ X1Xo

00 01 11 10

00

]

0y o

0

fir

11 X

X

X

1o‘q

0

)

&
0

=

f

d=Xo"Xo' + X' X + X Xo' + XoX1'Xo

xsxz\xlx0| 00 01 11 10

0 0[o]o0
ofA O 0 [(T ]
1WITX

1 1 [ XX

f=Xs+ XoXg + XX + X' Xo'

XX\ X1Xg

00 01

00

0

0]

11

0
X

10

0
X
0

e=X'Xo' + XoXo'

XX\ X1Xg

00 01 11 10

g =Xz + XoXg' + XoXo' + X' Xy

00

0

L

0]

11/{

10

1

0

1

X

0
)
X

1

(X

19.  Xs3|X|X:|X|a|b|c|d|e|f]|g
ololoJo]o[ofo]lo]olo]1
olojo|1|1]|0|0|21|1|1]1
olo|1|0fo0]|Oo|1|0]|0O|1]|O
olol1|1]0]|0|O0|lO|1|1]|0O
ol1]/0|0f1]0]|0|1]1]|0]|O
ol1]/0|1[0|1]|0|l0O|1]|0]|O
ol1/1|0f0]1|0|0O]|0O|O]|O
ol1]l1|1|o|o|0|21|1|1]1
i1|/o0lo|ojo|lo|Oo|loO|O|O]|O
i1|/o0|lo|1]0]|0|O|1]1]|0]|O

a XX\WXiXJ00 01 11 10 fr  XgX\XiXd 00 01 11 10
ogof[@Jo]Jo odofofoJo
offMlofo]o o o [M]o[M
1| X[ X]X 11 X [} ] x [Ix)
1gofo[x][Xx 1gofo[x]|x

a = X3'Xo'X1'Xo + XoXi'Xo' b = XoX1'Xo + XXy Xo'

d: XXWXiXJ00 01 11 10 @  XgX\XiXd 00 01 11 10
odo|lw]o]o od oML 0
oM o[M|o o1 [ 1|[ o
12/ )] x [IXJ] X 110 X [XJ] X]| X
190 [A[X[X 19 o [\1 [ X[ X

d = XoX1'Xg' + XX Xg + XX Xo e=XoX;' + Xo

g XXaAXXd 00 01 11 10
og@dlD|o]o0
oofo 0
1 x [ X JIX] x
1gofo[x|Xx

0= XXXy + XoX1 Xo

C XXXy

00 01

11

00

0

0

0]

11

10

0
X
0

0
X
0

X[X|o|o

R x|oEls

f:

XX\ X1Xg

c = X' X1 Xo'

00 01 11

10

00

0

0]

(L

1

11

X
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20. The four inputs can bein one of 24 (= 4!) possible orders. Since each sorter has two possible states (MAX
=X MIN =Y, or MAX = YMIN = X), n sorters can have up to 2" states. Four sorters can have only 2* =16
states, not enough to sort all 24 possible input orders. Five sorters have 2° = 32 states, which could be
sufficient. (This argument establishes alower bound; it does not guarantee the existence of a 5-sorter
network that can sort four inputs. Since the sorting network of Figure 1.24(b) matches this bound, it isa

minimal network.)

21. @

jD— o Q »Q

el —

~

b)

cln—>

22. A flip-flop is clocked if the increment signal and clock are asserted, and all flip-flops to itsright are 1.

Lk ceq
1 {

ceR cch

3]
AN
S A

LLR

:

pal

@ GCI_A’<

IMC
Celf

23. Each clock isdriven by Q of the flip-flop to its right instead of Q'. The clock of the rightmost flip-flop is
unchanged. All other signals are unchanged.

24. Xo | Xe [Xo | Q2| Qu| Qo J2 | Ko 1| Ky | Jo| Ko
o(fojfojojoj1j0|X|O0|X|1|X
o(fof1j0|1|1j0|X|1|X|X]|O0
O(1(0jJ1|1|01|X|X|0]0]|X
of1(1j0|1|]0jO0|X|X|]0|X]|1
1]1]0|]0fjO0|O0O|OX|1]0(X|0|X
110|110 |O0|X|O|O0O|X|X]|1
1111|0111 X|O0O(X|{O0|1|X
1111101} X|O(X|1|X]|O

Jo: X\ XX 00 01 11 10 i X\ XX 00 01 11 10
Q0|00 m g0 X)X
X[ XXX 1o[o[X][X

JZ = X]_Xol Jl = XZIXO
Ky: X\ XX 00 01 11 10 Ky X\ X1 X 00 01 11 10
OfX X[ XX QX|X]|]0]O0
Jyy({ofofo 1 X DO

Ko = XXy K1 =X2Xo
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Jo = XZIX;Ll + XZXl
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X
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25. a) b)
58 <
Left y ﬁ.'j Wt <%
.511.‘#’*/(’63 S ‘n Shin Shifd
.74 Rey
P 5
l T 4 s?r
etk el P
26. a b
) Left ) N.‘jh £
D Shifd  Sh, O D G Sh., sh e
A K"-’j shi A /er’ She
1 i T T
ek ash( Crx Aashr
27.
!_ ], ] elk
A
X5 @93 v 0y sl @5 v 03 ki @3 ¥ =] 2 @3 g— e
X 6@ Op—22J€: DX e pp—FE @ p e
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Chapter 2
1. a) Present State| D |Next State D
0 0 0
SHEECcElBo
1 0 0
1 1 1 D’
b) Present State| T |Next State T
0 0 0
0 1 1
1 0 1 e o
1 1 0 7
2. Present State| S | R | Next State P
0 00 0 SR
0 0|1 0 @
0 1|0 1 o
0 11 U
1 0|0 1
1 0|1 0
1 1|0 1 7 S
1 1)1 U SR R
U 0|0 U
U 0|1 0 0
U 1|0 1
U 11 U
3. Add the following states to the state table. Since all additions are self-loops, it is not necessary to change
the state diagram.
PresentState | C | 11 | Ip | NextState | R | G | A
Suocar 0] 01 Suocar 11010
Suocar 0] 1|0 Suocar 11010
Suocar 0] 11 Suocar 11010
Pabp 11011 Pabp o(11|0
Pabp 1111]0 Pabp o(11|0
Pabp 11111 Pabp o(11|0
ScheaT 01011 ScheaT 11011
ScheaT 0]1]0 ScheaT 11011
ScHeaT 0] 1)1 ScHeaT 1101
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5. _
=
M
f;‘Do Os
f D @,
o, @
L0 N
i /K
6. Address| Data (Mealy) | Data (M oore)
0000 0000 0000
0001 0010 0010
0010 0100 0100
0011 0110 0110
0100 1000 1000
0101 1010 1010
0110 1101 1100
0111 1110 1110
1000 0000 0000
1001 0010 0010
1010 0100 0100
1011 0110 0110
1100 1000 1001
1101 1010 1011
1110 1101 1100
1111 1110 1110
7. Present State| | |Next State| M
00 0 00 0
00 1 01 0
01 0 00 0
01 1 10 0
10 0 11 0
10 1 10 0
11 0 00 1
11 1 01 1

N; = P,'Pol + PPy
No = PyPgl + PPyl + PyPyl

M =

Copyright & 2001 Addison Wedley - All Rights Reserved
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Q g

E

¢ |& “

L4

1 etk

0. Address| Data (Mealy) | Data (M oore)

000 000 000 I R g———>M
001 010 010 A o D 7
010 000 000 Ag M Dy EG
011 100 100 -
100 111 110 ¢t of <o g
101 100 100 4 2 a otk
110 000 001
111 010 011

10. State value assignments (Ps - Pg): §=0000 S =0001 Su=0010 S;5=0011 S=0100
&5 =0101 S_z,o =0110 S:’AID =0111 S\]OCAR = 1000 S:HEAT = 1001

Ny=C'

N, = Py'Clylo + P3'(P, + P1)Clylg' + P5'(P, + PyPo)Cly'lo + PCly'lo’

N; = P5'(P, + Py + Po)Clylo + P5'(P, + Py")Clylo' + P3(Py'Po + PPy + P,P1Po)Cly'lo + PPoCly 'l

No = P5'(P, + Py + Py')Clylo + Py (Pg + P,P1)Clylg' + P5(Py' + PoPy)Cly'lp + PyPoCly 'l + PsPoC
+ PP + Py +Py)C

R =Sap'
G =Sap
A = Scheat

11. State value assignments (Ps - Pg): §=0000 S =0001 Sp=0010 S;5=0011 S=0100
&5 =0101 S_z,o =0110 S:’AID =0111 S\]OCAR = 1000 S:HEAT = 1001

N;=C'

Nz = P3'Clylg + P3'(P2 + P1)Clylg' + P3s'(P2 + P1Po)Cly'lg + P.Cly'lof

Ni = P3'(P2 + Py + Pg)Clylg + P3'(P2 + P1')Clilg' + P3'(P1'Po + P1Pg' + Po.P1Po)Cly 'l + P1PoCl 1 'l

No = P3'(P2 + Py + Py')Clilg + P3'(Po + P2P1)Clilg + P3'(Po' + PoP1)Cl1'lo + P3'PoCly'lo" + PsPoC
+ Py (P, + Py + Py)C

R =G

G =P3'(P2+ Py)Clilg + P3'PoPCly + P3'P,P1C(11 + 1) + P3'P,P,PoC

A = Pgl(Pz + P+ P())Cl

Copyright & 2001 Addison Wedley - All Rights Reserved Page 11
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12. Address

Data

0000XXX

1001101 1001101 1001101 1001101 0000100 0001100 0010100 0101100

0001XXX

1001101 1001101 1001101 1001101 0001100 0010100 0011100 0110100

0010XXX

1001101 1001101 1001101 1001101 0010100 0011100 0100100 0111010

0011XXX

1001101 1001101 1001101 1001101 0011100 0100100 0101100 0111010

0100X XX

1001101 1001101 1001101 1001101 0100100 0101100 0110100 0111010

0101XXX

1001101 1001101 1001101 1001101 0101100 0110100 0111010 0111010

0110XXX

1001101 1001101 1001101 1001101 0110100 0111010 0111010 0111010

0111XXX

1000100 1000100 1000100 1000100 0111010 0111010 0111010 0111010

1000XXX

1000100 1000100 1000100 1000100 0000100 0000100 0000100 0000100

1001IXXX

1001101 1001101 1001101 1001101 0000100 0000100 0000100 0000100

1010XXX

1000100 1000100 1000100 1000100 1000100 1000100 1000100 1000100

1011IXXX

1000100 1000100 1000100 1000100 1000100 1000100 1000100 1000100

1100XXX

1000100 1000100 1000100 1000100 1000100 1000100 1000100 1000100

1101IXXX

1000100 1000100 1000100 1000100 1000100 1000100 1000100 1000100

1110XXX

1000100 1000100 1000100 1000100 1000100 1000100 1000100 1000100

1111IXXX

1000100 1000100 1000100 1000100 1000100 1000100 1000100 1000100

Jo —> Ao Do}—> A
I —f g bl—0
C HAZ, (9 Dzv——%ﬁ

> f‘?B D3
5 Ag M D4
As Os

Ag an
‘ CE oF l
T T
1 4

13. Ny PP\PU[00 01 11 10 Nj: PoPi\PU00 01 11 10 N, PP\PU[00 01 11 10
00 ofjo]o odo|o[@]o ooo%o%
01 o|@] o o> D| o0 [ 01 0 0
1] o[ofo 1{ofoJo]o 1m{ofoJofo
1@ Do 1ofofo]o o [M[o]M
14. The next state logic is the same as for the Moore machine.

N, = P,Py' + P,U' + P, PyU

N; = PPy + PyU" + PPy 'PoU

No = Po'U + PyU!

C=P,P/PyU + PP PoU

Vs = PyP1PoU + PoP1Pg + P,Py'PoU’
Vi = PyPrPU + P,PiPy + PyPyPU!
Vo = (P2 + Py)PyU + (P + Py)PoU"

15. All possible next state values are already used.

Copyright & 2001 Addison Wedley - All Rights Reserved
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16. State value assignments (Ps - Pg): §=0000 S =0001 Su=0010 S;5=0011 S=0100
&5 =0101 S_z,o =0110 S:’AID =0111 S\]OCAR = 1000 S:HEAT = 1001 SA = 1010
S$=1011 &=1100 S$=1101 &=1110 S=1111

Add to state table: PresentState | C| |1 |lo| NextState | R| G| A
1010 X| X | X 1000 0|00
1011 X| X | X 1000 0|00
1100 X| X | X 1000 0|00
1101 X| X | X 1000 0|00
1110 X| X | X 1000 0|00
1111 X| X | X 1000 0|00

Add to state diagram:

N3 =C'+ P3(P2 + Pl)

N, = P5'Clylg + P3'(P2 + P)Clilg' + P3'(P, + P1Po)Cly'lg + P,Cl1 'l

N; = P5'(P; + Py + Pg)Clylg + P5'(P, + Py)Clylg' + P3'(P1'Po + P1Po' + P,P1Pg)Cly'lg + P1PoCl ¢ 'l o

No = P5'(P; + Py + Py')Clylg + P3'(Py + P,P1)Clilg' + P3'(Po' + P2P1)Cly'lg + P3'PoCl 4l g + PsPoC
+ Py (P, + Py + Py)C

R =Sap'
G =Sap
A = Sheat

17. Nz = P,P;PoU" + P3(Py' + Py’ + Py’ + U)
N, = P3P,(Pg + U) + P,P; + P3'PPy'U'’
N; = P5' (P, + P)U' + PP PU" + P,U
No = (P3' + P;)P,'U + P3'P,U + PoU'
C= PZIP]_IPOI
V, = P3P1'Py + P3P,Py’
V1 = P3'P.Py’ + PP Py
Vo = P3'P,'Py + P,P1 Py + PsP1'Py

Copyright & 2001 Addison Wedley - All Rights Reserved Page 13
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18.

19.

Coﬂbfna éar-{a/ .'./oj ic!
Ny B R VB REVRER
Moz RREYR)YE 5B

ty

vBE (FORI(YVZ')

N=BRYzVEBPE
RRGR)YeE)

Mz BR R )TE R R
BR(ROR)YYE)

v

v

Yz .

7
N3‘No

[ 2PN

4. ik

Com&fﬂaéon‘q/ leg il
we RRAFR,
LFREBVERR

vBBEE

.

“B'BR5%

P 4 J/

Cg,qb.'nalfar;’a/ Zaﬁ;‘c.'

N RRVEREVER R

Np= BRUZCR 2w THBR'
VBB (FORNYvE')

M-: Gaﬁ,frzl"g:f;ejaot
v RBYANYVE)

Nez BR GBI R R

{-]
vBRIGER) va')

l‘f3 "No

v

L0 A

\h\L

Cc’n.b:'qq {0,*,’.;/403;'6 .
we3'RE'”YE’

A4 ik
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20. States are of the form ABCYZ, where AB|C = 0if aplayer may signal, or 1 if the player may not signal. YZ
represents the player answering the question (01 = player 1, 10 = player 2, 11 = player 3, 00 = no player).

Although not shown in the diagram, there is an arc from every state back to state 00000 with condition R.

W et AL
R — §4. e > Co
v Az o, Beo
X — 3l A3 Ce Ao
Aa Os Pl
As ] &
Ag Dy a
A P D‘
Aw s 2 A 1
C[{ a’é' 4. <i&
ES A,
Address Data Address Data Address Data
XXXXX XX1X | 00000 000 00110 XX00 |00110010 10010 XX00 |10010010
00000 000X | 00000 000 00110 XX01 |01100010 10010 XX01 |11000 010
00000 010X | 00001 000 01000 X00X 01000 000 10011 XX00 {10011 001
00000 100X | 00010 000 01000 010X {01001 000 10011 XX01 {10100 001
00000 110X | 00011 000 01000 110X |01011 000 10100 0X0X |10100 000
00001 XX00 |00001 100 01001 XX00 |01001 100 10100 100X {10110 000
00001 XX01 10000 100 01001 XX01 11000 100 10100 110X 10100 000
00010 XX00 |00010010 01011 XX00 (01011001 10110 XX00 |10110010
00010 XX01 |01000 010 01011 XX01 01100001 10110 XX01 |11100 010
00011 XX00 [00011 001 01100 000X {01100 000 11000 0X0X |11000 000
00011 XX01 00100001 01100 010X |01101 000 11000 100X | 11000 000
00100 000X | 00100 000 01100 1X0X 01100 000 11000 110X {11011 000
00100 010X {00101 000 01101 XX00 |01101 100 11011 XX00 {11011 001
00100 100X {00110 000 01101 XX01 |11100 100 11011 XX01 {11100 001
00100 110X | 00100 000 10000 0X0X | 10000 000 11100 XX0X 11100 000
00101 XX00 |00101 100 10000 100X {10010 000 All others | 00000 000
00101 XX01 |10100 100 10000 110X 10011 000
Copyright & 2001 Addison Wedley - All Rights Reserved Page 15
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21. States are of the form ABCYZ, where AB|C = 0 if aplayer may signal, or 1 if the player may not signal. YZ
represents the player answering the question (01 = player 1, 10 = player 2, 11 = player 3, 00 = no player).
Although not shown in the diagram, there is an arc from every state back to state 00000 with condition R.

W A,
R '_>'ﬂl 2 Co
¥ Az 0, -—980
% s o,—> Ao
Aa z" pe
As M £
)
As s e
45 e
A o T
& o€ 1 clk
HE
Address Data Address Data Address Data

XXXXX XX1X 00000 000 00110 XX00 |00110010 10010 XX00 |10010010
00000 000X | 00000 000 00110 XX01 |01100 000 10010 XX01 |11000 000
00000 010X |00001 100 01000 X00X |01000 000 10011 XX00 |10011 001
00000 100X  |00010 010 01000 010X |01001 100 10011 XX01 |10100 000
00000 110X | 00011 001 01000 110X 01011 001 10100 0X0X 10100 000
00001 XX00 |00001 100 01001 XX00 |01001 100 10100 100X 10110010
00001 XX01 |10000 000 01001 XX01 |11000 000 10100 110X 10100 000
00010 XX00 |00010 010 01011 XX00 |01011 001 10110 XX00 |10110010
00010 XX01 |01000 000 01011 XX01 |01100 000 10110 XX01 |11100 000
00011 XX00 |00011 001 01100 000X |01100 000 11000 0X0X 11000 000
00011 XX01 |00100 000 01100 010X 01101 100 11000 100X  |11000 000
00100 000X  |00100 000 01100 1X0X |01100 000 11000 110X 11011 001
00100 010X |00101 100 01101 XX00 |01101 100 11011 XX00 |11011 001
00100 100X |00110010 01101 XX01 |11100 000 11011 XX01 |11100 000
00100 110X |00100 000 10000 OX0X 10000 000 11100 XX0X |11100 000
00101 XX00 |00101 100 10000 100X |10010 010 All others  |00000 000
00101 XX01 |10100 000 10000 110X 10011 001
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22.

23.

24,

25 P PoX'Y
Po: PoXY' should be PoX'Y'
B: Py should be Py’

should be PoXY

26. CLR:  OXY should be 1XY'
Counter input Dy:  0X'Y should be OXY
A 1shouldbeO

27. Address| Correct Data
0011 01110
0100 01011
1011 00111

Copyright & 2001 Addison Wedley - All Rights Reserved Page 17
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Chapter 3

1. a) Datamovement D) Dataoperation  C) Program control  d) Dataoperation  €) Dataoperation

2. @) Dataoperation  b) Program control  C) Datamovement  d) Datamovement  €) Data operation

3. @) Direct b) Implied C) Implicit

4. @) Implicit b) Direct C) Implicit

5. @) Implicit b) Direct C) Implicit

6. a) Register Direct D) Immediate C) Implicit d) Immediate €) Direct

7. @) Implicit b) Direct C) Indirect d) Register Indirect €) Register Direct
8. @) Register Direct  b) Register Indirect C) Implicit d) Implicit €) Immediate

9. a)AC=11 b)AC=12 c)AC=10 d)AC=11 €)AC=10 f)AC=33 Q) AC=41
10.a8) AC=11 b)AC=12 c)AC=30 d)AC=31 € AC=10 f)AC=23 g)AC=31

11.a8) AC=11 b)AC=12 c)AC=20 d)AC=21 € AC=10 f)AC=43 g)AC=21

12. & MULXBC b) MOVXB ) LOADB () PUSHA
ADD X X A MUL X,C MUL C PUSH B
ADD X X,D ADD X A ADD A PUSH C

ADD X,D ADD D MUL
STORE X PUSH D

ADD

ADD

POP X

13. @& MULTAB by MOVTA () LOADA d) PUSHA

MUL T,T,C MUL T,B MUL B PUSH B
ADD X,E,F MUL T,C MUL C MUL
MUL X,X,D MQV X,E STORET PUSH C
ADD X, X, T ADD X,F LOAD E MUL
MUL X,D ADD F PUSH D
ADD X,T MULT D PUSH E
ADDT PUSH F
STORE X ADD
MUL
ADD
POP X

Copyright & 2001 Addison Wedley - All Rights Reserved Page 18



Computer Systems Organization and Architecture - Solutions Manual

14.

15.

16.

17.

18.

19.

a) MULXBC b) MOV TB c) LOADB d) PUSHA
SUB X,A X MUL T,C MUL C PUSH B
MUL T,EF MOV XA STORET PUSH C
ADDT,T,D SUB X,T LOAD A MUL
MUL X, X, T MOV T,E SUBT SUB

MUL T,F STORE X PUSH D
ADDT,D LOADE PUSH E
MUL X,T MUL F PUSH F
ADD D MUL
MUL X ADD
STORE X MUL
POP X

Processor | Time per instruction [# Instructions| Total time
0 35ns 4 140 ns
1 50 ns 3 150 ns
2 70 ns 2 140 ns
3 100 ns 1 100ns [fastest

Processor | Time per instruction [# Instructions| Total time
0 35ns 8 280 ns
1 50 ns 5 250ns [fastest
2 70 ns 4 280 ns
3 100 ns 3 300 ns

Processor | Time per instruction [# Instructions| Total time
0 35ns 12 420ns [fastest
1 50 ns 9 450 ns
2 70 ns 7 490 ns
3 100 ns 5 500 ns

Processor | Time per instruction [# Instructions| Total time
0 35ns 12 420ns [fastest
1 50 ns 11 550 ns
2 70 ns 8 560 ns
3 100 ns 5 500 ns

LDAC 1001H — LDAC 1006H
MVAC ADD

LDAC 1002H MVAC

ADD LDAC 1007H
MVAC ADD

LDAC 1003H MVAC

ADD LDAC 1008H
MVAC ADD

LDAC 1004H MVAC

ADD LDAC 1009H
MVAC ADD

LDAC 1005H MVAC

ADD LDAC 100AH
MVAC ADD

l STAC 1000H

Copyright & 2001 Addison Wedley - All Rights Reserved
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20.

21.

22.

Loop:

Loop:

Loop:

Done:

LXI H, 1001H

MVI B,0AH
XRA A
ADD M
INXH
DCRB
JINZ Loop
STA 1000H

CLAC
INAC
STACFA
INAC
STACFB
STAC Count
STACFN
MVAC
LDAC

SUB

JMPZ Done
LDAC FA
MVAC
LDACFB
ADD

STAC FA
LDAC Count
INAC
STAC Count
MVAC
LDACnN
SUB

JMPZ l)oneA

FA=1

FB=2
Count= 2
FN=2

If n= 2 then done

FA=FA+ FB

Count = Count + 1

If Count = n then
done, result in FA

— LDACFB
MVAC
LDAC FA
ADD
STACFB
LDAC Count
INAC
STAC Count
MVAC
LDACnN
SUB
JMPZ DoneB
JUMP Loop

DoneA: LDAC FA
STACFN
JUMP Done

DoneB: LDAC FB
STACFN

Done:

LDA n
MOV DA
MVI B,1
MVI A,2
MOV CA
DCRD
DCRD
JZ Done
ADD B
MOV B,A
DCRD
JZ Done
ADD C
MOV CA
DCRD
JINZ Loop
STA FN

™ O
I

;3

O
I
-
W

Initially A= FA
FA=FA+ FB
If D = 0 then done

FB= FB+ FA
If D = 0 then done

Not done, loop back

Sore FN

Copyright & 2001 Addison Wedley - All Rights Reserved

FB= FB+ FA

Count = Count + 1

If Count = n then
done, result in FB
Not done, loop back

FN=FA

FN=FB
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Chapter 4
1.
Ol OQ ‘?ﬁ
© | |
5-32
Decocler /, _?_, /o [T_ .
5 § : I
/'27"40——7'—)-
31‘ —%—4 3/0 ——%—«
34 .
&
ce l Y —Y
o£ J ¥
o D,
2.
4T-| o [z G B>
3-8 [4. 01 [ ]2 >>>>
1 s s
Ay, | %cder
28> ’ 2e -0 [30, 0 [3e}-04 [3,HH [30}0>
7
£
] r __!F ___\‘7 f——§7 g 7 47 Y7
z2-4
Y
AI_AO# eco
d, °
£
e 1|
JoM— 7
D, O,
Copyright & 2001 Addison Wedley - All Rights Reserved Page 21



Computer Systems Organization and Architecture - Solutions Manual

Q

AY)
Q
o
°
N

$

e
YA
w

w

Q
ga

A
Q
g
e
(€N
o
Y.
N
9

2 - 4
Ay 83'0 _‘D% 93-0 _[>'/’ 10;.,

1240 D4 | /3., /4.,

==
a7

r
S
.

I

A= Ay —4 c°<7le

Y

D3-0

4
Opo T | 120 5
[ 4 [ 4

4.
<o
3-8
Oecoder 23-0 33,,0
1
"43 -ﬂl % h
. 4 4
/43-0 IT 7 /5-3_0 A(T_l—
7 )
£
[—. Y:l,"' J,""
v 7
Ao —> Decoder
I
£
n | 4
c& ’f\
c& i J 4
o
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5.
Ay-g 2 3x2 3 Byl
] . z
CE o0& CE 3
I
RO felo
; b
\} ce o€ cE o&
/?]o R!D
Ay jDJ B 02
4
Az-d,
Io/M
6.
Z
. 16x 16x2 4| 16x¢ . [6x2
As - A, 7 - 4>
CE of CE of CE ok cE o&
I [ ﬁl |}
RO RO 0 RD
¥ 4 4
> /éx1 16x2Z Ay [6x2 Ay |6x2
) CE o0& CE o€ CE o cE ofF
I [
RO RO RO r?ID
y 4 4
tA =D a-0, 20,
3
Ards -;-D&_E ,
IO/FI-—%
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7.
143"141 13 9,‘ 2 H gx z
z 4
CE ok [« 123
I I
RO RD
2] 8x2 2| 82
b4 2
ya l/
) cE o€ cE 23
|
R0 Ro
Ao Ds-0, D-0,
4
Av-d,
Io/r7
8.
2 6x
. 16x ‘ 16x 4 16x2 ‘ 16x2
Aq-A .
<4 4 7 b~ /= >
ce olc-’ CE o& CE o0& CE o&
|
RO RO IJD RO
k4 4 4 4
> [éx 1 £y 16xZ £y [6xZ Ay [6x2
\) cE olc-‘ cE o€ C€ o€ [~
] ]
RO RO RD RD
y 4 W
,4 o 0,-0¢ 05‘_04 03 KZ]
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As-A, 2y gx4 S x4
CcEé€ o& CE o
Ao o0
2 gx4 Ex4
C&E o0& Cc& o&
Ko <0
L2 gx4 exd
cE&E o0& cE o0&
1 |
RO k0
~—}—> Ex 4 8 x4+
cE of cE o
s Ao
~N
z2-4 || D;- 04
l44-—->' S, O@ iy
9 2
Ao—% e;- 3
£
.414‘
:< éﬂs _
TorMm
10. a) CE=A/AsAsAs (1o/M) OE=RD
b.) CE=A/A’AsAs(10/M)  OE=RD
C.) CE=AAAA(10/M)' OE=RD
11. Big Endian Little Endian
a) 22 12H 22 T8H
23 34H 23 56H
24 56H 24 34H
25 78H 25 12H
b) 22 09H 22 27H
23 27H 23 09H
C) 22 O05H 22 12H
23 55H 23 12H
24 12H 24 55H
25 12H 25 O5H

Copyright & 2001 Addison Wedley - All Rights Reserved
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12. Start each value at location 4X, where X1 13 0, 20 for example.
13. p
RD 2
r/r‘ l‘ = —i—.———I 45
I"F“é stale To data ——C—L“b
Qev,/cCe i Buffers bus Yo butfer As
& enable ( s
T A4
Address bus —* A fnable Az
Coa € rol bus —F— ij e ro/m o
14. Thisis the same as the previous problem, except 10/M is not included.
RO A
Tri-~ _J—[" ﬂ5
I"P“é stale To data ( L A3
Qev.ice gu /,F(’rj ba> To bum“ref Al
& enable [ &
T Ag
Address bus —* N fnable Az
Cont rol bus —F—2 Logic o
15. whi As
A, Aq
Outpul 3. Erom 4
L I/ e 3
0 . er Jq‘q 6&13 AO
Evice forgs".skr
/\ L0 /qu ,47
l 4
clk A&
Az
HAddress bus | Load P Ar
Control bus ———N Loj e
16. Thisis the same as the previous problem, except 10/M is not included.
wh A5
A Ag
Ou éﬂuf 6:?" Fror A
/ I/ c—r—— 3
O . €r Ja‘a 6«5 ﬂo
Evic e Tor(s;‘.{*"
A LD lead A
l A
clk A&
Az
Address bus Load A
Control hus ——— Aoj e
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17.
Tri > RO
state To data ____G:J_I:A?
r/o ’ Auffers | bus Ao
£
4‘ g
Device Io/i Ag
clk As
v Lo
A( . From A4
” 3'5’{’,— vﬂ"“—dq/q bus e Az
4z
Ay
18. Thisis the same as the previous problem, except 10/M is not included.
Tri > RO
Jiaie o dat (=
r/o PN pouffers [ 77 bus Ao
£
T
Device Ag
e 45
v Lo
Af . From A4
7 3:5{(,(_ v—J‘“—é{q/q bus e Az
4z
Ay
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19.

> RepoY

<D ? Ads=Ae
4

R ,/\~
G 6 4 x 4 4 Iﬂpu é
” EEPR #
AsAo oM 0,0, device
ce o0&
T
_J Ro D 18
H /;6:;:or4 N g | 3stede
AsA o ] 01D baffers
ce o€ |73 é
T
, l Rp
s 32x8 #4m | g | 2
Ao ce R/% 7
I
l R0
f 32x8 RAm g B
Ag Ao ce R/ T
T
R
"——‘] © 4 8 Res isTer
s 32x8 RAM g
AsAo cE R1& S c.('k 8
T A
| 10
Ouipul
4 32x8 Ram 8
7 # ODevice
A4Ao cE RIw \\)
I )
‘ RO
iy
o1 2 3 4 567
3-8 Decode r £ ——O(’—IO/FF
S‘ S, 50
A7 A‘T 45T
A 0/&/ réss 5 u s
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20.

‘/\‘ I~ g P Q 4/\»\
5 32x8 g ! L5 Regis er;_,,__(]:w
7 RoM
A3-Ao
ce o& D L2
r_] R’b A,
9 r/o A¢
6 64x4 RAM : Device € |
As-A, ce R/G |0504 Zé As Ao
T
I RD J¥;
q
6 69x4 RAH 8 3-stale
# - » £
e cE  R/w |050, buffers —(eo
T
| RO
5 .
é 64x4 RAM 4 y ket 3-s€ale
Ag cé R/w | 0,-Dg ’ buffers Aa
T
__J Ro S Y]
é 64 x4 RAM Iﬂpu £ kD
AsAo cE R/w |0;°0, QOevice
l ~\/V
RO
o---4 5 67
RO
3 Cwr
S: 5 So
41 Al 4]
Addre ss Kuse
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21. 4/\~ T P
7 (2 EFRIM z o
Ag-A Bxz &1k # Fapat —>REAOY I
§-Ao ceE o0& 0,-0, Oevice
1
| RD
‘ D +& tori
7 128x2 £PROM 2 . 3-stafe & Cg 8{
As-Ao [V o0& 05,‘04 a i ba p)‘;C rs AAp
Az !
"T.TDD—-——-J Ro Zé RO
1005
7 128x2 EPRo M 2z
# i y Culpul RepoY
Ag-Aol | c& ot |G-0, q Device
I I
4 ﬂ 0 1'8
ro/n
? 128 x2 EPROM 2 < £ 8
'45"/70 & o D,:D, g ” ﬁeﬁ BT eo Ay,
T wR
[ Ro
4
P 16x8 RAM ,,8 U /5’ ﬂej rslen 0
As-Ao ce Rlw
T
RO
___l S 18 ”
4 16x8 KA 7 8 I/o Device A
As-Ao ce R/ T -
T A6740
RO L 8 RD
Z 2
’J 18 3‘52{a &/e &
,4_43 )f47‘/44 \J ba/’/’C"S
7As As SN~
/4 <7/ &/ re s s 5 U s
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22. Memory subsystem:

N

~

s

AyAgy

32;(4 PRonrM
ce oE

I

32x4 PRo M
céE oE£

Y

3244 PRo M

cE ot

____J Ro

32x4 PROM
cE o&

I

32x4 PRo M
cE o0&

1 ab

3z2x4PRoM

Cé O£

0-7' 04

I R

J322x4 PRoM

cE o&

I

N 32xF PRoM

cé 0F

A

T
8 64 x8 Rar |, 6
cé Ris /45' 'AO
I
| RD
2 32x2 RAM S
99 c& RIG Ag-Ao
1
1 <0
|, 32 x2 KA M . 15
0504 cE R/ I44'Ao
T
I Ro
2 32x2 RAH 5
030, ce RIvw '44"40
J l R‘o
2 32xz RAM s
0,0, e& Rz | AgAo
T
L1 e
&@’ﬂ
. &
: 3%
LG 9 s
4 e
3 S 5 As
2 4 A
p e So 5
[~ r

Add res s

A s
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22 (continued).
T

1

D

1/O subsystem:

I'n/)u £
Oel’i cC e

L—>ReAoy

L 8

4

N

3“Séa{6
buffers

(T}

Oaéﬂué
Oevice

L >REA0Y

)Vg

ﬂeg;«‘s Zer <ol

ﬂej/s éer‘Lo

L 8

-

r/o
Oevice

> KREAOY

/g

b |

3-sfafe
buffers

™
A
d
4 Arda A
T e
S
Ay
S
. Ao

—hoe ]

€ G:RO
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Chapter 5

1 a
b)

0)

2. @)

a:W- XY= Z
a:W- X
a: Y-~ Z
aW- X

a:xX-yY
b: X- Y
a:XxX- o0
b: X- X

b)

k-c/k
wo e
/.o—oq-nx

— —

¥ G Uy BQC R

etk
0o
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6. Q) b) ——‘1
<_ clk 7/ X < clk

o0 K o/

Para / le / e, leo Parallel
A oAler Adde
I ]

X Y

© /

5
Mux

£

pafa//e/ .
Adbler C., 8

l
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8. a
b)
c)
d)
e
f)
9)
h)

9. a
b)
c)
d)
e
f)
9)
h)

10. @)
b)
c)
d)
e
f)
9)
h)

Copyright & 2001 Addison Wedley - All Rights Reserved

0011 0010 0000 0100
0100 1100 1000 0001
0011 0010 0000 0101
0100 1100 1000 0001
1011 0010 0000 0100
1100 1100 1000 0001
1001 0000 0010 0000
0000 1001 1001 0000

0000 0111 0010 1010
0100 0001 1100 1010
0000 0111 0010 1011
1100 0001 1100 1010
1000 0111 0010 1010
1100 0001 1100 1010
0011 1001 0101 0000
0000 1000 0011 1001

1011 0010 1111 0000
0010 1100 1011 1100
1011 0010 1111 0000
0010 1100 1011 1100
0011 0010 1111 0000
0010 1100 1011 1100
1001 0111 1000 0000
0000 0101 1001 0111
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11. @)
Xn-; c—- Xn—z — X. Xo e O
Lo 20 A L0 N\ LD AN
I l l cik
o
b)
o— Xﬂ—! Xn—z Xr — XO
f 11 1 T o
&
C)
Xn-l F—— Xﬂ’Z — X: XO
Lo 20 A 20 A L0 N
[ l elk
o
d) J
)(ﬂ-l —'ﬂ Xn-z X Xo

—{y ~

40

l e/
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12. )
>(H Xfa X? T Xr Xa e
[ 2N L8 A 28 A L8 A
I | I |
o
b)
><r 7 x'” X? B 3 X; 7 Xﬁ
LA B A L0 A L2 A
I . 1 l_ Ftd.4
of
c) d)
X,, X7 R X; e—o o —> X,, )(_, X3
[ PN 2N 0 A <0 L0 A L0
re Lpad g e L Lee

Lo A 0 A TN L0 A 20 N L0 N
l I 1 JI 1 l [ 1 1 J 1
X‘? Xs X, k—o o — X“’ Xs X,

10 A L‘a {l\ ‘la ,1\ tlo /l\ z‘a /1\ Lo /l\
I ] 4 4 4 J

Xg X4 Xo Sl o> Xg X4 Xo

L0 A £0 A L0 A L0 N L0 A L|0A
l I I 1 1[ 1 1 1 1 ]

& clk x clk

13.a) X- OX[(n-2)-1]
b) X- X[(n-2)-0,(n-1)]
C) X- X[0,(n-1)-1
d) X[(n-2-0] - X[(n-3)-0],0
€) X[(n-2)-0] = X[(n-1)-1]
f) X= X[(n-5)-0],0000
g) X- 0000,X[(n-1)-4]
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14. Define X1Xo = 00 (), 01 (S), 10 (S), 11 (S)). | istheinput bit.

X1 X'l M= 0
XiXo'l: Xo= L, M= 0
XXl Xo—= O

XiXol: Xp= 1L, X=- 0
XXo'ls Xo= L, M= 1
XXl Xp= 0, X~ O,M= 0
XXol: Xg= O0M= 0

15.

* D0 X,

X —E
XG o M
I L0 oA

X 1 T
x,%jj)-—l /X etk
r %
)
s
Xi
o
16. Define X;Xo = 00 (&), 01 (S), 10 (S), 11 (S). | isthe input bit.

Brute force solution (one RTL Smpler solution (one RTL statement per state)
statement per input value per state)

XXXt Xo- LbM= 0
XXXl M= 0 Xo' X1 Xo: Xim L, X~ |
XXXl Xo= L,M= 0 Xo' X1 Xo': Xo= L, Xi— 0, %~ |
X' XK Xols Xi= 1, %X— 0 X' X1 Xo: Xo= L, X~ I,M= I
X' Xy Xol: Xi= 1, %=1 XoX1'Xo': Xo= 0, Xy |
X' X Xo'lm Xp= 1, X~ 0 XX Xo: Xo= 0, X1 1, %~ |
X' XXo'l: Xo= L, X= 0, %= 1 XX Xo": Xi= 0, %~ I,M= 0
X' XXolm Xo= 1L, Xo= O,M= 1 XX Xo: Xo~ LM~ I
X' X Xol: Xo= 1
XXy Xl X= 0
XXy Xo'l: Xo= 0, %o 1 Smplest solution (combining states)
XXy Xol's Xo= 0, X 1, %~ 0
XXy Xol:  Xom 0% 1 I X Xy Xim KXo, %o |
XXXl Xy O,M= 0 XXy Yo' + Xo'XeXo I' + XoXiXo's M= X XyXo I

XX Xo'l: X127 0, X~ L,M= 0
XX Xol": Xo- O

1r. le
X, 1
XZ )(; XQ I Xo M
[X-3FN L;D A "JD Fa L L2 A
:{ El i {k c'm
[
%
X
Xo
X2
Xa
Xg
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18. library |EEE;
use | EEE. std_logic_1164. all;

entity string_checker is
port (
I,clk: in std_|logic;
M out std_logic
)

end string_checker;

architecture a_string _checker of string_checker is
type states is (S0, S1, S2, S3);
signal present_state, next_state: states;

begi n
state_check_string: process(present_state,l)
begi n
case present_state is
when SO => M='0';
if (I=0") then next_state <= S0;
el se next _state <= Sl;
end if;
when S1 => M='0'";
if (I=0") then next_state <= S0;
el se next _state <= S2;
end if;
when S2 => M='0';
if (I=0") then next_state <= S3;
el se next _state <= S2;
end if;
when S3 => MW='1';
if (I=0") then next_state <= S0;
el se next _state <= Sl;
end if;
end case;
end process state_check_string;

state_transition: process(clk)
begi n

if rising_edge(clk) then present_state <= next_state;

end if;
end process state_transition;

end a_string_checker;
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19. library |EEE;
use | EEE. std_logic_1164. all;

entity string_checker is
port (
I,clk: in std_|logic;
X1, X0: buffer std_l ogic;
M out std_logic
)

end string_checker;

architecture a_string_checker of string_checker

begi n
cct_string_checker: process(X1, X0, 1, cl k)
begi n
if rising_edge(clk) then
X1l <= (X1 and (not X0)) or
((not X1) and X0 and 1);

X0 <= ((not X1) and (not X0) and 1) or

(X1 and (not X0) and (not
(X1 and X0 and I);
end if;
M <= X1 AND XO;
end process cct_string_checker;
end a_string_checker;
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20. library |EEE;
use | EEE. std_|logic_1164.all;

entity string_checker is
port (
I,clk: in std_logic;
M out std_logic
)

end string_checker;

architecture a_string_checker of string_checker is
type states is (S0, S1, S2, S3, $4, S5, S6, S7);
signal present_state, next_state: states;

begin
state_check_string: process(present_state,l)
begin
case present_state is
when SO => Mk='0';
if (1=0") then next_state <= S0;
el se next_state <= SI;
end if;
when S1 => M='0';
if (1=0") then next_state <= S2;
el se next_state <= S3;
end if;
when S2 => M='0';
if (1=0") then next_state <= $4;
el se next_state <= S5;
end if;
when S3 => M='0';
if (1=0") then next_state <= S6;
el se next_state <= S7;
end if;
when S4 => MN='0';
if (1=0") then next_state <= S0;
el se next_state <= SI;
end if;
when S5 => M='0';
if (1=0") then next_state <= S2;
el se next_state <= S3;
end if;
when S6 => M='1';
if (1=0") then next_state <= $4;
el se next_state <= S5;
end if;
when S7 => M='0';
if (1=0") then next_state <= S6;
el se next_state <= S7;
end if;
end case;
end process state_check_string;

state_transition: process(clk)

begin
if rising_edge(clk) then present_state <= next_state;
end if;

end process state_transition;

end a_string_checker;
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21. library |EEE;
use | EEE. std_logic_1164. all;

entity string_checker is
port (
I,clk: in std_|logic;
X2, X1, X0: buffer std_l ogic;
M out std_logic
)

end string_checker;

architecture a_string checker of string_checker is

begi n
cct_string_checker: process(X1, X0, 1, cl k)
begi n

if rising_edge(clk) then
X2 <= X1;
X1 <= X0;
X0 <= 1|;

end if;

M <= X2 and X1 and (not XO);
end process cct_string_checker;
end a_string_checker;

22. library | EEE;
use | EEE. std_|logic_1164.all;

entity toll _booth_controller is
port (
11,10,C clk: in std_logic;
R G A out std_logic

end toll_booth_controller;

architecture a_toll _booth_controller of toll_booth_controller is
type states is (SN, SO, S5, S10, S15, S20, S25, S30, SP, SO ;
signal present_state, next_state: states;

begin
state_toll _booth_controller: process(present_state,11,10)
begin
case present_state is
when SN => R<='1'; ='0'; A<='0'";
if (C'1) then next_state <= S0;
el se next_state <= SN,
end if;
when SO => Rc='1'; &='0"'; A<='0'

elsif (11 ="0" ANDIO ="'1") then next_state <= S5;
elsif (11 ="1 ANDIO ="'0") then next_state <= S10;
elsif (11 ="1 ANDIO ="'1") then next_state <= S25;
el se next_state <= S0;

end if;

when S5 => Re='1'; ='0'; A<='0'";
if (C'0") then next_state <= SC

elsif (11 ="0" ANDIO ="'1") then next_state <= S10;
elsif (11 ="1 ANDIO ="'0") then next_state <= S15;
elsif (11 ="1 ANDIO ="'1") then next_state <= S30;
el se next_state <= S5;

end if;

Copyright & 2001 Addison Wedley - All Rights Reserved Page 42



Computer Systems Organization and Architecture - Solutions Manual

when S10 => R<='1'; ='0'; A<='0';
if (C='0") then next_state <= SC

elsif (11 ="0" ANDIO ="'1") then next_state <= S15;
elsif (11 ="1 ANDIO ="'0") then next_state <= S20;
elsif (11 ="1 ANDIO ="'1") then next_state <= SP;
el se next_state <= S10;

end if;

when S15 => Rc='1'; ='0'; A<='0';
if (C='0") then next_state <= SC

elsif (11 ="0" ANDIO ="'1") then next_state <= S20;
elsif (11 ="1 ANDIO ="'0") then next_state <= S25;
elsif (11 ="1 ANDIO ="'1") then next_state <= SP;
el se next_state <= S15;

end if;

when S20 => R<='1'; ='0'; A<='0';
if (C='0") then next_state <= SC

elsif (11 ="0" ANDIO ="'1") then next_state <= S25;
elsif (11 ="1 ANDIO ="'0") then next_state <= S30;
elsif (11 ="1 ANDIO ="'1") then next_state <= SP;
el se next_state <= S20;

end if;

when S25 => R<='1'; ='0'; A<='0';
if (C='0") then next_state <= SC
elsif (11 ="0" ANDIO ="'1") then next_state <= S30;
elsif (11 ="1") then next_state <= SP;
el se next_state <= S25;
end if;
when S30 => R<='1'; ='0'; A<='0';
if (C='0") then next_state <= SC
elsif (11 ="1 ORI10 ="1") then next_state <= SP;
el se next_state <= S30;
end if;
when SP => R<='0"'; &='1'; A<='0'";
if (C='0") then next_state <= SN,
el se next_state <= SP;
end if;
when SC => Rc='1'; &='0"; A<='1
if (C='1") then next_state <= S0;
el se next_state <= SC,
end if;
end case;
end process state_toll_booth_controller;

state_transition: process(clk)

begin
if rising_edge(clk) then present_state <= next_state;
end if;

end process state_transition;

end a_toll _booth_controller;
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23. library |EEE;
use | EEE. std_|logic_1164.all;

entity toll _booth_controller is

port (
11,10,C clk: in std_logic;
X3, X2, X1, X0: buffer std_|l ogic;
R G A out std_logic

end toll_booth_controller;

architecture a_toll _booth_controller of toll_booth_controller is

begin
cct_toll_booth_controller: process(X3, X2, X1, X0,11,10, C, cl k)
begin
if rising_edge(clk) then
X3 <= not C

X2 <= ((not X3) and C and 11 and 10) or
((not X3) and (X2 or X1) and C and 11 and (not 10)) or
((not X3) and (X2 or (X1 and X0)) and C and (not 11) and 10)
or (X2 and C and (not 11) and (not 10));
X1 <= ((not X3) and (X2 or X1 or X0) and C and 11 and 10)or
((not X3) and (X2 or (not X1)) and C and I1 and (not 10)) or
((not X3) and (((not X1) and X0) or (X1 and (not X0)) or
(X2 and X1 and X0)) and C and (not 11) and 10) or
(X1 and X0 and C and (not 11) and (not 10));
X0 <= ((not X3) and (X2 or X1 or (not X0)) and C and 11 and 10) or
((not X3) and (X0 or (X2 and X1)) and C and 11 and (not 10))
or ((not X3) and ((not X0) or (X2 and X1)) and C and
(not 11) and 10) or ((not X3) and X0 and C and (not 11) and
(not 10)) or (X3 and X0 and (not C)) or ((not X3) and
((not X2) or (not X1) or (not X0)) and (not Q));
end if;
R <= X3 or (not X2) or (not X1) or (not XO0);
G <= (not X3) and X2 and X1 and XO;
A <= X3 and (not X2) and (not X1) and XO;
end process cct_toll _booth_controller;
end a_toll _booth_controller;
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Chapter 6

1. JMP11: PC- AR
JMP12: PC- PC+1
INC21: AC- AC+1
INC22: AC- AC+1
ADD11:DR- M,AC- AC+1
ADD12:AC- AC+DR
SKIP1: PC- PC+1

2. Instruction | Instruction Code|Operation

ADDADD 00AAAAAA |AC - AC+ M[AAAAAA] + M[AAAAAA + 1]
ANDSKIP| 0IAAAAAA |AC- AC”M[AAAAAA],PC- PC+1
INCAND IXAAAAAA |AC- (AC+ 1) M[AAAAAA]

3. Thisis one of many possible solutions.
o ol- FereH 1
[~}
4 4y 4 i |- Fere# 2
w T ‘ o d { )
(ho1R) (2R TR} 0.0 —r  "hy, ” Dol rerens
o #. S £ :
Fercys— ¢ 4f oot
cercpz EEICHL 5l ooz
ooz —2%7 o 6o
(-3 & 1x] 1 00 4
D aF o1
4L 012
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4|z £
o] 12 Ix1
g' £ 13- 1x2
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5. Change the input to the counter to X, X', Y, X UYY.
Change INC input IA3to |A2.
Change CLRinput IA2 to IA3.

6. (IR must have 3 bitsinstead of 2.)

FETCH3: IR~ DR[7.5], AR~ DR[5.0]
CLEARL AC- 0

1. i) IRmust have 3 bitsinstead of 2. It receives bus bits 7.5 asitsinputs. During FETCH3, bit 5 of DRis
sent to both IRand AR.
ii) AC needsaCLRinput (ACCLRisanew control signal which connects to the new CLR input.)

8. Arbitrarily assign CLEARL to decoder output 15.
i) New input to counter: 1,IR[2..1],(IR; " IR, " IRy).
ii) Add CLEARL to the inputs of the OR gate driving counter CLR.
iii) New control signal ACCLR = CLEARL.

9. Test program:  0: CLEAR
Instruction | State Operations performed | Next state
CLEAR FETCH1 | AR- O FETCH2
FETCH2 | DR~ EOH,PC- 1 FETCH3
FETCH3 | IR~ 111, AR~ 20H CLEAR1
CLEAR1L [ AC- O FETCH1

10. (IR must have 4 bitsinstead of 2.)

FETCH3: IR~ DR[7.4], AR~ DR[5.0]
MVACL R- AC
MOVRL: AC- R

Copyright & 2001 Addison Wedley - All Rights Reserved Page 46



Computer Systems Organization and Architecture - Solutions Manual

11. i.) IRmust have 4 bits instead of 2. It receives bus bits 7..4 asitsinputs. During FETCH3, bit DR[5..4] is

sent to both IR and AR. Thisis shown below.

ii) Register Risadded to the CPU. It receives data from the bus and sends data to the bus through tri-state

buffers. It requires only aLD signal. Thisis shown below.
iii) The ALU is modified as shown below.

4 3.4
¥ R

R8Us

- %
N
™
®
Q
{w

L0

X< 3

tn

& To ﬁara e /
> adAer /n/a/

1
RLoAQ

12. Arbitrarily assign MVAC1 and MOVRL to decoder outputs 6 and 7, respectively.

i) New input to counter: (IR IR M IRy)', IR[3..2],(IRs M IR M IR, M IR.).
ii) Add MVAC1 and MOVR1 to the inputs of the OR gate driving counter CLR.

iii) New control signals RLOAD = MVAC1 and RBUS= MOVRL
iv) Add MOVRL to the inputs of the OR gate generating ACLOAD.

13. Test program:  0: MVAC

1. MOVR

Instruction | State Operations performed | Next state

MVAC FETCH1 | AR- 0 FETCH2
FETCH2 | DR- EOH,PC- 1 FETCHS3
FETCH3 | IR- 1110,AR- 20H | MVAC1
MVAC1 |R- 1 FETCH1

MOVR FETCH1 | AR- 1 FETCH2
FETCH2 | DR~ FOH,PC- 2 FETCHS3
FETCH3 | IR- 1111, AR- 30H | MOVR1
MOVR1 | AC- 1 FETCH1
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14. All operations except AND are performed by the parallel adder.
Micro-operation | Adder inputs
ADD1 AC+BUS+0
shl AC+AC+0
neg 0+BUS +0
adl AC+BUS+1
g 8
AC —x¢ 2T £
|/ -
g 9|f r ¢
A—M 0o g v 2 To
I3 MU g P X Al
& 8 X A o
O ——31 A
s A $
T o] K T
neg A o y ALvsa
A
8 E
. Ao tx
DA + ,8' P P lj( ‘3 £
I
AP L
35, 55 Cin
T
ﬂes
Aopl
ad 1 :?1
15. PCLOAD =JUMP3 U JMPZY3 UJPNZY3
PCINC =FETCH2 U LDAC1 U LDAC2 U STAC1 U STAC2 U JMPZN1 U JMPZN2 U JPNZN1 U
JPNZN2
DRLOAD =FETCH2 U LDAC1 U LDAC2 U LDAC4 U STAC1 U STAC2 U STAC4 UJUMP1 U JUMP2
UJIMPZY1 UJIMPZY2 U JPNZY1 U JPNZY2
TRLOAD =LDAC2 U STAC2 UJUMP2 U IMPZY2 U JPNZY2
IRLOAD =FETCH3
16. RLOAD =MVACL1
ACLOAD =LDAC5 UMOVR1 UADD1 U SUB1 UINAC1 U CLAC1 UAND1 UOR1 U XOR1 UNOT1
ZLOAD =ADD1 USUB1 UINAC1 U CLAC1 UAND1 UOR1 U XOR1 UNOT1
17. State ALUS1..7]
LDAC5 |0010X X O
MOVR1|0010X X O ALUSL = ADD1 USUB1 UINAC1
ADD1 |1010XXO ALUS? = SUB1
UB1 1100X X0 ALUS3 = LDAC5 UMOVR1 UADD1
INAC1 |1001X XO ALUSA = SUB1 UINAC1
CLAC1 [0000X XO ALUS5 = XOR1 UNOT1
AND1 | XXX X001 ALUS5 = OR1 UNOT1
ORL [XXXXO011 ALUS7 = AND1 U OR1 U XOR1 U NOT1
XOR1L [ XX XX101
NOT1T | XXX X111
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18. The student can execute the following program using the Relatively Simple CPU simulator to verify that
each instruction performs properly.

0: LDAC 0000 (AC- 1)
NOP
MVAC (R- 1
ADD (AC- 2,2~ 0)
INAC (AC- 3,2~ 0)
XOR (AC- 2,2~ 0)
AND (AC- 0,2~ 1)
9: JMPZ 000D (jump is taken)
NOP (skipped by JIMPZ 000D)
D: JPNZ 0009 (jump is not taken)
NOT (AC-~ FF,Z2- 0)
JMPZ 0009 (jump is not taken)
JPNZ 0018 (jump is taken)
NOP (skipped by IMPZ 0018)
18: CLAC (AC- 0,2~ 1)
OR (AC- 1,Z- 0)
SUB (AC- 0,2~ 1)
MOVR (AC- 1)
STAC 0030 (M[30] = 1)
AND (AC- 1,Z- 0)
JUMP 0000 (start again)
19. SETRL: R- 0
SETR2 R- R-1 :
(27t 22 cpypu
(Se7/D
To FETCHL
GerR2)
20. R needs two additional inputs: CLR, driven by new control signal RCLR, and DCR, driven by new control
signal RDCR.
21. i.) Addhardwareto generate ISETR=17"" g Mg Mg Mg M M Mg, SETRL=ISETRA T3, and
SETR2 = ISETR" T4.
ii) Add SETR1 to the OR gate driving INC of the time counter and SETR2 to the OR gate driving CLR of
the time counter.
iii) New control signals RCLR = SETR1 and RDCR = SETR2.
22. Test program:  0: SETR
Instruction | State Operations performed | Next state
SETR FETCH1 | AR- 0 FETCH2
FETCH2 | DR~ 11H,PC- 1 FETCHS3
FETCH3 | IR- 11, AR~ 1 SETR1
SETR1 R- 0 SETR2
SETR2 R- FF FETCH1
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23.
Te
FETC 4
ADDBl1: AC- AC+B
SUBBL: AC- AC-B
ANDB1: AC- AC"B
ORB1: AC- ACUB
XORB1: AC- ACAB
24. i.) No ALU changes are needed!
ii) Register B isadded to the CPU. It sends data to the bus through tri-state buffers but does not receive
data from the bus (since it is never loaded). Thisis shown below.
B8vs
3 AN
25.

i.) Add the hardware shown below to generate IADDB, 1SUBB, IANDB, IORB, and I XORB, and add

hardware to generate ADDB1 = IADDB ” T3, SUBB1 = ISUBB * T3, ANDB1 = |ANDB * T3,
ORB1 = IORB " T3, and XORB1 = | XORB " T3.

ii) OR together ADDB1, SUBB1, ANDB1, ORB1, and XORBL to generate BBUS.
iii) Add the same five signals to the OR gate driving CLR of the counter.

iv) Change ALUS1..7] such that ADD1 isreplaced by ADD1 U ADDB1, and so on for SUB1, AND1,
OR1, and XORY, yielding:

ALUSL = ADD1 UADDB1 U SUB1 U SUBB1 U INAC1
ALUS2 = 9UB1 U SUBB1

ALUS3 = LDAC5 UMOVR1 UADD1U ADDB1
ALUSA = SUB1 U SUBB1U INACL

ALUS5 = XOR1 U XORB1 UNOT1

ALUS6 = OR1 UORB1 UNOT1

ALUS7 = AND1 U ANDB1 U OR1 U ORB1 U XOR1 U XORB1 UNOT1

D o~ TAv08
& | p T S0AS5
¢ 2
TRLz..o] ~ﬂ2—> g 3
B e 4p-TAweB TR o
R - zoRB ———&—I ITRs ¢
E—IXxeRB z%; 1k,
e 7
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26. Initially AC = 1 and B = 2. Fetch cycles not shown.

Instruction | State Operations performed
ORB ORB1 AC- 1U2=3
ADDB ADDB1 AC- 3+2=5
ANDB ANDB1 AC- 572=0
XORB XORB1 | AC- 0A2=2
SUBB SUBB1 AC- 2-2=0
27. i.) Remove CLACI1 and INACL1 asinputs to the OR gate which generates ACLOAD.

ii) Add control inputsto AC: CLR= CLAC1, and INC = INAC1.
iii) Change the input to Z as shown below. ZLOAD is unchanged.

8
Frem 5
AZU # DG © l"(l/
4 —
: z
Caquf’/¢c-———92
S, S

T
WAC4 ClACL

28. State diagram and RTL code:

FETCHL: AR- PC
FETCH2 DR- M,PC- PC+1
FETCH3: IR~ DR[7.6], AR~ DR[5.0]
COM1L  AC- AC

JRELL  DR- M

JREL2  PC- PC+DR[5.0]

ORL: DR- M

OR2: AC- ACUDR

SUB1L: DR- M

SUB12  AC- AC+DR

Theregister section is the same as Figure 6.6, except for the data input to PC, shown below.

FC

~A~~239 %
S QN
b

A
3

o -
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Control signals: ARLOAD =FETCH1 UFETCH3
PCLOAD =JREL2
PCINC =FETCH2
PCBUS=FETCH1
DRLOAD = MEMBUS = READ =FETCH2 UJREL1U OR1U SUB11
DRBUS=FETCH3 UJREL2 UOR2 U UB12
ACLOAD =COM1 UOR2 U SUB12
IRLOAD =FETCH3

ALU
W o
v
X
i
7 o M
ALys)=of2 v T
x [ 4c
1
4]
1 4 T
4 e, ALuvsz=svie
From i
Bus - t efc
in
I
(]
Control unit:
q, ob FeTckz2
4 qﬂ 4 bI— FercHe
118000yt 4 D
C€r L— FercHs
L0 ‘:vc C« 2 -
FETCHE~ C 8— comi
FETCHY 1
v
FET 4 -
& c: @_ io JREL1
0'15[/4511 D H— JRELZ
12— oR4
E
M 15—
JRELZ co 7z 3 okz
sphiz —i-"’ IQ j4}— svB i1l
ISt— svp312

Copyright & 2001 Addison Wedley - All Rights Reserved Page 52



Computer Systems Organization and Architecture - Solutions Manual

29. State diagram and RTL code:

IRz 000 L
o oof | TR br ol w0 £y
r

L
FETCH1: AR- PC ADD1. DR- M,PC- PC+1
FETCH2: DR- M,PC- PC+1 ADD2:. AC- AC+DR
FETCH3: IR~ DR[7.5],AR- PC OR1: DR- M,PC- PC+1
LDI1: DR- M,PC- PC+1 OR2: AC- ACUDR
LDI2: AC- DR JUMP1: DR- M
STO1: DR- M,PC- PC+1 JUMP2: PC - DR
STO2: AR- DR JREL1: PC - PC+ 000DR[4..0]
STO3: DR- AC SKIP1: PC- PC+1
STO4. M- DR RST1: PC- O,AC- 0
Control signals: ARLOAD =FETCH1 U FETCH3 U STO2

PCLOAD =JUMP2 U JREL?2
PCINC =FETCH2 U LDI1 U STO1 UADD1 U OR1 U XKIP1
PCCLR =RST1
PCBUS =FETCH1 U FETCH3
PCMUX =JUMP2
DRLOAD =FETCH2 U LDI1 U STO1 USTO3 UADD1 U OR1 UJUMP1
DRBUS=FETCH3 U LDI2 U STO2 U STO4 UADD2 U OR2 U JUMP2 U JREL1
ACLOAD =LDI2 UADD2 UOR2
ACCLR =RST1
ACBUS=STO3
IRLOAD =FETCH3
MEMBUS= READ =FETCH2 U LDI1 U STO1 UADD1 U OR1 U JUMP1
BUSMEM = WRITE =STO4
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Reqister section:
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Control unit:
o °r
£ ]
3 ¢ :
5 s
IRR0] w5 © .
o 5
& £
R
']’ -
FETCH1= TO
FETCH2= T1
FETCH3= T2

LDI1= ILDI*T3
LDI2= [LDI"T4
STO1= ISTO"T3
STO2= [ISTO"T4
STO3= ISTO"T5
STO4= [STO"T6

30. Modified state diagram:

ADD1= |ADD T3
ADD2= |ADD * T4
OR1= IOR"T3
OR2= IOR"T4
JUMP1= IJUMP"T3
JUMP2=|JUMP " T4
JREL1= IJREL"T3
JREL2= |JREL"T4
XKIP1= [|XKIP*T3
RST1= |IRST*T3

TR (3 | A= 14 RS TRE pridd

r:ile TA=1
o3 (et [(eaus) — (ferd
D) | @add)
coses) e @er3)
Cacd— (cAc®)  @Rerd)
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Modified RTL code:

LDSP1: DR- M,AR- AR+1,PC- PC+1 PUSHACL: SP- S-1,DR- AC

LDSP2: TR- DR,DR- M,PC- PC+1 PUSHAC2: AR- &P
LDSP3: - DRTR PUSHAC3: M- DR
CALL1:DR- M,AR- AR+1,PC- PC+1 POPAC1: AR- &
CALL2: TR- DR,DR- M,PC- PC+1 POPAC2: DR- M,SP- SP+1
CALL3: TR2- DR DR- PC[15.8],SP~ SP-1 POPAC3: AC- DR
CALL4: AR- &P PUSHR1: SP- S-1,DR- R
CALL5: M- DR,AR- AR-1,SP- SP-1 PUSHR2: AR- &
CALL6: DR~ PC[7..0] PUSHR3: M- DR
CALL7:M = DR POPR1: AR- &P
CALL8:PC- TR2DR POPR2: DR- M,SP-~ P +1
RET1. AR- & POPR3: R- DR

RET2: DR- M,SP- S +1, AR~ AR+1
RET3: TR- DR ,DR- M,SP- P +1
RET4: PC- DRTR

Modified register section: (shown below)

New registers: SP (with LD, DEC, INC), TR2 (with LD, receives data directly from DR)
New control signal: AR adds a DEC signal

New data path: DR can receive data from BUS15..8] or BUF7..0]

All other connections remain the same as shown in Figure 6.15.
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New control signas:

ARDEC =
SPLOAD =
SPINC =
SPDEC =
SPBUS=
DRSEL =
TR2LOAD =
TR2BUS =

Modified control signals:

ARLOAD =

ARINC =
PCLOAD =
PCINC =
PCBUS=
DRLOAD =

DRHBUS=
DRLBUS=

TRLOAD =
TRBUS=
RLOAD =
RBUS=
ACLOAD =
ACBUS=
ALUSL =
MEMBUS=

BUSMEM =
WRITE =

CALL5

LDSP3

RET2 URET3 U POPAC2 U POPR2

CALL3 U CALL5UPUSHAC1 UPUSHRL

CALL4 URET1 UPUSHAC2 U POPAC1 U PUSHR2 U POPR1
CALL3

CALL3

CALLS

(original value) U CALL4 U RET1 U PUSHAC2 U POPACL U
PUSHR2 U POPR1

(original value) ULDSP1 U CALL1 URET?2

(original value) U CALL8 URET4

(original value) U LDSP1 U LDSP2 UCALL1 UCALL2
(original value) UCALL3 U CALL6

(original value) ULDSP1 ULDSP2 UCALLL U CALL2 U
CALL3 UCALL6 URET2 URET3 UPUSHAC1 U POPAC2 U
PUSHR1 U POPR2

(original value) U LDSP3 U RET4

(original value) U CALL5 U CALL7 U PUSHAC3 U POPAC3 U
PUSHR3 U POPR3

(original value) U LDSP2 U CALL2 URET3

(original value) U LDSP3 U CALLS URET4

(original value) U POPR3

(original value) U PUSHR1

(original value) U POPAC3

(original value) U PUSHAC1

(original value) U POPAC3

(original value) U LDSP1 ULDSP2 U CALLL U CALL2 URET2
URET3 UPOPAC2 U POPR2

(original value) U CALL5 U CALL7 U PUSHAC3 U PUSHR3
(original value) U CALL5 U CALL7 U PUSHAC3 U PUSHR3

Copyright & 2001 Addison Wedley - All Rights Reserved

Page 57



Computer Systems Organization and Architecture - Solutions Manual

Control unit modifications:

Increase the counter size to 4 bits. The decoder now outputs T - To.

Add a second instruction decoder as shown below.

Modify the INC and CLR inputs to the counter as follows:

INC = (original value) ULDSP1 ULDSP2 U CALL1 UCALL2 UCALL3 U CALL4 U CALL5 U CALL6
UCALL7 URET1 URET2 URET3 UPUSHAC1 U PUSHAC2 U POPAC1 U POPAC2

UPUSHR1 UPUSHR2 U POPR1 U POPR2

CLR = (original value) U LDSP3 U CALL8 URET4 U PUSHAC3 U POPAC3 U PUSHR3 U POPR3

3
IRLz.. 6] —psy)

IR[S. SJ‘E-%—T -
IRy —Potie

LDSP1= ILDSP"T3 PUSHACL =
LDSP2= ILDSP " T4 PUSHAC2 =
LDSP3= ILDSP TS5 PUSHACS3 =
CALL1= |ICALL"TS POPAC1 =
CALL2= |ICALL"T4 POPAC2 =
CALL3= |ICALL"TS POPAC3 =
CALL4= |ICALL"TG6 PUSHRL =

CALL5= ICALL"TY PUSHR2 =
CALL6= |ICALL"T8 PUSHR3 =
CALL7= ICALL"T9 POPR1 =
CALL8= |ICALL"T10 POPR2 =

RET1= |IRET"T3 POPR3 =

RET2= |RET"T4
RET3= IRET"TS
RET4= |RET"T6
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Chapter 7
1. IR | MAP
00 | 0011
01 | 0101 MAP= IR " IRy, IR A IRy, IRy, (IR, IRy)'
10 | 0111
11 | 1000
2. State Address S|A|A|P|P|D|P|A|A]|ADDR
E|R|I |[C|C|R|L|N]J|C
L{P|D|I |D|{M|JU]|D]|I
C|R|N]|R S N
FETCH1 0000 (0) 0|1|]0|]0|]0|0]|O0]| O] O]o0001
FETCH2 0001 (1) 0|]0|]0|1|0|1]|0]|O0]| 0O]oO0010
FETCH3 0010 (2) 110 1]0]0]|]0]| 0] 0] 0]XXXX
ADD1 0011 (3) 0|]0|J0|0O0O|J0O]|1]|0]|O0]| O]O0100
ADD2 0100 (4) 0|0|0|0O0O|J0O]|O0O]|12]| 0] O]o0000
AND1 0101 (5) 0|]0|J0|0O0O|J0O]|1]|0]|] 0] 0]O0110
AND2 0110 (6) 0|]0|0|0O0O|J0O]|0O]|O0O]| 1| O]o0000
JMP1 0111 (7) 0|0|]0|0O0O]|1]|0|0]| 0| O|o0000
INC1 1000 (8) 0|0|0|0O0O|0O]|O]|O0O]|] O] 10000
3. M1 M2
NOP NOP Required
DR- M PC- PC+1 Micro-operations in these two rows must be
AC- AC AC- AC+1 allocated the same relative to each other
DR- DR+1 |PC- PC+ DR[5..0] The remaining operations are assigned
AR- PC arbitrarily
IRAR- DR
AC- ACADR
M- DR
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4.

Test program:  0: ADD 4
1: ANDS
2: INC
3 IMPO
4. 27H
5. 39H
Instruction | State Address | Micro-operations | Operations performed Next Address
ADD 4 FETCH1 0000 ARPC AR- 0 0001
FETCH2 0001 DRM, PCIN DR- 04H,PC- 1 0010
FETCHS3 0010 AIDR IR- 00, AR- 04H 1000
ADD1 1000 DRM DR- 27H 1001
ADD2 1001 PLUS AC- 0+27H=27H 0000
AND 5 FETCH1 0000 ARPC AR- 1 0001
FETCH2 0001 DRM, PCIN DR- 45H,PC- 2 0010
FETCHS3 0010 AIDR IR- 01, AR- 0O5H 1010
AND1 1010 DRM DR- 39H 1011
AND2 1011 AND AC- 27H"39H =31H 0000
INC FETCH1 0000 ARPC AR- 2 0001
FETCH2 0001 DRM, PCIN DR- COH,PC- 3 0010
FETCHS3 0010 AIDR IR- 11, AR- O0OH 1110
INC1 1110 ACIN AC- 21H+1=22H 0000
JMPO FETCH1 0000 ARPC AR- 3 0001
FETCH2 0001 DRM, PCIN DR- 80H,PC- 4 0010
FETCHS3 0010 AIDR IR- 10, AR- OOH 1100
JMP1 1100 PCDR PC- 0 0000
Use the same test program as in problem 4.
Instruction | State Address | M1 M2 Operations performed Next Address
ADD 4 FETCH1 0000 ARPC NOP AR- 0 0001
FETCH2 0001 DRM PCIN DR- 04H,PC- 1 0010
FETCHS3 0010 AIDR NOP IR- 00, AR- 04H 1000
ADD1 1000 DRM NOP DR- 27H 1001
ADD2 1001 PLUS NOP AC- 0+27H=27H 0000
AND 5 FETCH1 0000 ARPC NOP AR- 1 0001
FETCH2 0001 DRM PCIN DR- 45H,PC- 2 0010
FETCHS3 0010 AIDR NOP IR- 01, AR- 05H 1010
AND1 1010 DRM NOP DR- 39H 1011
AND2 1011 AND NOP AC- 27H"39H =31H 0000
INC FETCH1 0000 ARPC NOP AR=- 2 0001
FETCH2 0001 DRM PCIN DR- COH,PC- 3 0010
FETCHS3 0010 AIDR NOP IR- 11, AR- O0H 1110
INC1 1110 ACIN NOP AC- 21H+1=22H 0000
JMPO FETCH1 0000 ARPC NOP AR- 3 0001
FETCH2 0001 DRM PCIN DR- 80H,PC- 4 0010
FETCHS3 0010 AIDR NOP IR- 10, AR- OOH 1100
JMP1 1100 PCDR NOP PC- 0 0000
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6. Use the same test program asin problem 4.
Instruction | State Address | Control Signals Operations performed Next Address
ADD 4 FETCH1 0000 PCBUS, ARLOAD AR- 0 0001
FETCH2 0001 READ, MEMBUS, DR- 04H,PC- 1 0010
DRLOAD, PCINC
FETCH3 0010 DRBUS, ARLOAD, | IR- 00, AR- 04H 1000
IRLOAD
ADD1 1000 READ, MEMBUS, DR- 27H 1001
DRLOAD
ADD2 1001 DRBUS,ACLOAD | AC-~ 0+ 27H=27H 0000
AND 5 FETCH1 0000 PCBUS, ARLOAD AR=- 1 0001
FETCH2 0001 READ, MEMBUS, DR- 45H,PC- 2 0010
DRLOAD, PCINC
FETCH3 0010 DRBUS, ARLOAD, |IR- 01,AR- O5H 1010
IRLOAD
AND1 1010 READ, MEMBUS, DR- 39H 1011
DRLOAD
AND2 1011 DRBUS, ALUSEL, | AC- 27H"39H =31H 0000
ACLOAD
INC FETCH1 0000 PCBUS, ARLOAD AR=- 2 0001
FETCH2 0001 READ, MEMBUS, DR- COH,PC- 3 0010
DRLOAD, PCINC
FETCH3 0010 DRBUS, ARLOAD, |IR- 11, AR- OOH 1110
IRLOAD
INC1 1110 ACINC AC- 21H+1=22H 0000
JMPO FETCH1 0000 PCBUS, ARLOAD AR- 3 0001
FETCH2 0001 READ, MEMBUS, DR- 80H,PC- 4 0010
DRLOAD, PCINC
FETCH3 0010 DRBUS, ARLOAD, |IR- 10,AR- 0OH 1100
IRLOAD
JMP1 1100 DRBUS, PCLOAD PC- 0 0000
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1. Modified state diagram:  (same as for problem 6.6)

Modified RTL code: (same asfor problem 6.6)

FETCH3: IR~ DR[7.5], AR~ DR[5.0]
CLEARL AC- 0

Microsequencer modifications:

Change the mapping hardware so that itsinputs are IR[2..0] and its outputs are 1,IR[2..1],(IR; " IRy " IRy).

Register modifications:  (same as for problem 6.7)

i) IRmust have 3 bitsinstead of 2. It receives bus bits 7.5 asitsinputs. During FETCH3, bit 5 of DRis
sent to both IRand AR.
ii) AC needsaCLRinput (ACCLRisanew control signal which connects to the new CLR input.)

Microcode modifications:

i) Add mico-operation ACCL, which sets AC - 0. Connect this bit of the microsequencer to the CLR
input of AC.
i) Add the following to microcode memory. Set the ACCL field to O for all other microinstructions.

State Address S|A|A|(P|[P|[D|P|A]|A]|A]|ADDR
E|IR|I |C|C|R|L|IN|C|C
L|P|D|I |DIM|U|D|I |C
C|R|IN|R S N | L
CLEAR1 1111 (15) 0JojJo|JOoO|O|]O|O|O| O] 1 ]|o0000
Verification: Test program:  0: CLEAR
Instruction | State Address | Micro-operations | Operations performed Next Address
CLEAR FETCH1 0000 ARPC AR- 0 0001
FETCH2 0001 DRM, PCIN DR- 04H,PC- 1 0010
FETCH3 0010 AIDR IR- 111, AR- 04H 1111
CLEAR1 1111 ACCL AC- 00 0000
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8.

The modifications are the same as in problem 7 with the following exceptions.
i) Label output O of the M1 decoder ACCL. (This can be done because the NOP of M1 is never used.
If it was used, a new micro-operation code would have to be created.) The code for ACCL is M1 = 000.
ii) Connect ACCL to ACCLR.
iii) Add the following to microcode memory.
State Address | SEL | M1 [ M2 | ADDR
CLEAR1 1111 0 000 [0 0000
Verification: Test program:  0: CLEAR
Instruction | State Address | M1 M2 Operations performed Next Address
CLEAR FETCH1 0000 ARPC | NOP AR- 0 0001
FETCH2 0001 DRM PCIN DR- 04H,PC- 1 0010
FETCH3 0010 AIDR NOP IR- 111, AR- 04H 1111
CLEAR1 1111 ACCL NOP AC - 00 0000
The modifications are the same as in problem 7 with the following exceptions.
i) Add control signal output ACCLR to the control signals in microcode memory. Set it to O for all
microinstructions except the microinstruction at address 1111.
ii) Add the following to microcode memory.
State Address S|A|P|P|[D|[A|A|Il |A|P|D]|A]|ADDR
E|IR|C|C|M|C|C|R|L|C|R|C
Lyt |RjL|I|JL|U|IB|B|C
O|O|N O|N|]O|S|U]JU]|L
A|JA|C A|C|A|JE|S|S|R
D|D D D|L
CLEAR1 1111 (15) ojojo|lO|lO|OfJOfO|JO] O] O] 10000
Verification: Test program:  0: CLEAR
Instruction | State Address | Control Signals Operations performed Next Address
CLEAR FETCH1 0000 PCBUS, ARLOAD | AR- 0 0001
FETCH2 0001 READ, MEMBUS, | DR~ 04H,PC- 1 0010
DRLOAD, PCINC
FETCH3 0010 DRBUS, IR- 111, AR- 04H 1111
ARLOAD,
IRLOAD
CLEAR1 1111 ACCLR AC - 00 0000
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10.

Modified state diagram:  (same as for problem 6.10)

(IR must have 4 bitsinstead of 2.)

Modified RTL code: (same asfor problem 6.10)

FETCH3: IR~ DR[7.4], AR~ DR[5.0]
MVACL R- AC
MOVRL: AC- R

Microsequencer modifications:

i) Change the mapping hardware so that itsinputs are IR[3..0] and its outputs are
(IRRM RN IRY),IR[3..2], (IR M IR M IR, M IRy).

ii) Add micro-operation RAC (R- AC); connect it to an OR gate that generates ACBUS and have it
directly drive RLOAD.

iii) Add micro-operation ACR (AC = R); connect it to directly to RBUS and connect it to an OR gate
that generates ACLOAD.

Register and ALU modifications: (same asfor problem 6.11)

i.) IRmust have 4 bitsinstead of 2. It receives bus bits 7..4 asitsinputs. During FETCHS3, bit DR[5..4] is
sent to both IR and AR. Thisis shown below.

ii) Register Risadded to the CPU. It receives data from the bus and sends data to the bus through tri-state
buffers. It requires only aLD signal. Thisis shown below.

iii) The ALU is modified as shown below.

4 3.4
¥ r R
&
AC AN M
R6YS v g To ﬁara //e /
4 I & ]i 3: g X 7> adAer l'n/af
L0 O —+ 1
J 5
RLoAQ
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Microcode modifications:

Add the following to microcode memory. Set the RAC and ACR fields to O for all other microinstructions.

State Address S|A|A|(P|[P|[D|P|A|A]|R|A]|ADDR
E|IR|]I |C|C|R|L|N|JC|A|C
L|P|D|I |DIMJ|U|D|I |[C|R
C|R|IN|R S N
MVAC1 0110 (6) 0Jo0ojJo|JOoO|JO|O|O|]O|O| 1] O0/{o0000
MOVR1 0111 (7) 0Jo0o)Jo|J]O|J]O|O|O|]O|O|] O] 1/|o0000
Verification: Test program:  0: MVAC (Initially AC =1)
1. MOVR
Instruction | State Address | Micro-operations | Operations performed Next Address
MVAC FETCH1 0000 ARPC AR- 0 0001
FETCH2 0001 DRM, PCIN DR- EQH,PC- 1 0010
FETCH3 0010 AIDR IR- 1110, AR- 20H 0110
MVAC1 0110 RAC R- 01H 0000
MOVR FETCH1 0000 ARPC AR- 1 0001
FETCH2 0001 DRM, PCIN DR- FOH,PC- 2 0010
FETCH3 0010 AIDR IR- 1111, AR- 30H 0111
MOVR1 0111 ACR AC- 01H 0000
11. The modifications are the same as in problem 10 with the following exceptions.

i) Add micro-operations RAC (R- AC) and ACR (AC - R) to M2 with the following assignments.

M2 | Micro-operation

00 NOP
01 PCIN
10 RAC
11 ACR

i) UseaZ2-to-4 decoder to generate the control signalsfor M2.
iii) Modify the existing microinstructions to accommodate the new valuesfor M2 (0® 00, 1 ® 01).
iv) Add the following to microcode memory.

State Address | SEL | M1 [ M2 | ADDR
MVAC1 0110 0 000 | 10 0000
MOVR1 0111 0 000 | 11 0000
Verification: Test program:  0: MVAC (Initially AC =1)
1. MOVR
Instruction | State Address | M1 M2 Operations performed Next Address
MVAC FETCH1 0000 ARPC | NOP AR- 0 0001
FETCH2 0001 DRM PCIN DR- EQOH,PC- 1 0010
FETCH3 0010 AIDR NOP IR- 1110, AR- 20H 0110
MVAC1 0110 NOP RAC R- O1H 0000
MOVR FETCH1 0000 ARPC | NOP AR=- 1 0001
FETCH2 0001 DRM PCIN DR- FOH,PC- 2 0010
FETCH3 0010 AIDR NOP IR- 1111, AR- 30H 0111
MOVR1 0111 NOP ACR AC- 01H 0000
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12. The modifications are the same as in problem 10 with the following exceptions.

i) Add control signals RLOAD, RBUS ACBUS and ALUS? to the control signalsin microcode memory.
Set them to O for all microinstructions except those at addresses 0110 and 0111.
ii) Add the following to microcode memory.

State Address |S|A|P|(P|D|A|A|Il |A|P|D|R|R|P]|A/|ADDR
EIR|[C|C|M|C|C|R|JL|IC|R|L|B|C|L
Lfb|{L|1r|RfLjI|{LJU|(B|B|O|U|B|U

O|O|N O/ N|O|S|UJU[A|S|U|S
A|JA|C A|C|A|E|S|S|D S| 2
D|D D D|L

MVAC1|0110(6) |O| O] O|O]J]O]|O|O]J]OfO]JO]O]2]0O0|1]0]o0000

MOVR1 | 0111(7) |O|O]J O] O]JO]1|0]J]0Of0O]J]O]O]O]1]|]0]1]|o0000

Verification: Test program:  0: MVAC (Initially AC =1)

1. MOVR
Instruction | State Address | Control Signals Operations performed | Next Address
MVAC FETCH1 0000 PCBUS, ARLOAD AR- 0 0001
FETCH2 0001 READ, MEMBUS, DR- EOH,PC- 1 0010
DRLOAD, PCINC
FETCH3 0010 DRBUS, ARLOAD, | IR- 1110, AR- 20H 0110
IRLOAD
MVAC1 0110 ACBUS, RLOAD R- O1H 0000
MOVR FETCH1 0000 ARPC AR- 1 0001
FETCH2 0001 DRM, PCIN DR- FOH,PC- 2 0010
FETCH3 0010 AIDR IR- 1111, AR- 30H 0111
MOVR1 0111 RBUS, ACLOAD, AC- 01H 0000
ALUS2

13. Some points that might be included:

The mapping hardware change is equivalent to changing the inputs to the counter in the hardwired
controller.

The changesin the state diagram and register hardware are the same for either control unit.
The microcode may require less hardware changes in the control unit than the hardwired control unit,
especialy if no new micro-operations are needed.
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14. Modified state diagram and RTL code: (same as for problem 6.19)

SETRL: R- 0

SETR2 R- R-1 (E2Tch 2D 0ena

SeETR1
To FETCHL

(Sé‘rﬁz? /4

Register and ALU modifications: (same asfor problem 6.20)

R needs two additional inputs: CLR, driven by new control signal RCLR, and DCR, driven by new control
signal RDCR. There are no ALU modifications.

Microcode and microsequencer modifications:

i) Add micro-operations CLRR (R- 0) and DECR(R- R- 1) tothemicrocode. Thesefields are set to
zero for al existing microinstructions.

ii) Change the mapping function to (IR, UIRs),(IR, U IR,),(IR; U IRy), (IR, U IRy),IR,,0.
iii) Add the following microinstructions to the microprogram.

State Address | Condition | BT | All other micro-operations | CLRR | DECR | ADDR
SETR1 62 1 J 0 1 0 63
SETR2 63 1 J 0 0 1 1

Verification: Test program: 0: SETR

Instruction | State Active signals Operationsperformed | Next state
SETR FETCH1 | PCBUS,ARLOAD [ AR- O FETCH2
FETCH2 | READ, MEMBUS, DR- 10H,PC- 1 FETCH3

DRLOAD, PCINC
FETCH3 | DRBUS, ARLOAD, |IR- 10H,AR- 01H SETR1

IRLOAD
SETR1 CLRR R- 00H SETR2
SETR2 DECR R- FFH FETCH1
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15. Modified state diagram and RTL code: (same as for problem 6.23)

To
FETCHL

ADDB1: AC- AC+B
SUBB1: AC- AC-B
ANDB1: AC- AC"B
ORB1: AC- ACUB
XORBL: AC- ACAB

Register and ALU modifications: (same asfor problem 6.24)

i.) No ALU changes are needed!
ii) Register B isadded to the CPU. It sends data to the bus through tri-state buffers but does not receive
data from the bus (since it is never loaded). Thisis shown below.

ABvs

3 B2\ 2N

Microcode and microsequencer modifications:

i) Add micro-operations BPLU (AC = AC + B), BMIN (AC = AC - B), BAND (AC -~ AC" B),
BOR (AC = ACUB), and BXOR (AC ~= AC A B) to the microcode. These fields are set to
zero for al existing microinstructions.

ii) Change the mapping function to 1Rs,IR, 1Ry, IR,,0,IR,.

iii) Change ALUS1..7] such that ADD1 is replaced by ADD1 U ADDB1, and so on for SUB1, AND1,
OR1, and XORY, yielding:

ALUSL = ADD1 UADDB1 U SUB1 U SUBB1 U INAC1

ALUS2 = 9UB1 U SUBB1

ALUS3 = LDAC5 UMOVR1 UADD1UADDB1

ALUSA = SUB1 U SUBB1U INACL

ALUS5 = XOR1 U XORB1 UNOT1

ALUS6 = OR1 UORB1 UNOT1

ALUS7 = AND1 U ANDB1 U OR1 U ORB1 U XOR1 U XORB1 UNOT1
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iv) Add the following microinstructions to the microprogram.

State Address | Cond. | BT | All other | BPLU | BMIN | BAND | BOR | BXOR | ADDR
mops
ADDB1 33 1 J 0 1 0 0 0 0 1
SUBB1 37 1 J 0 0 1 0 0 0 1
ANDB1 49 1 J 0 0 0 1 0 0 1
ORB1 53 1 J 0 0 0 0 1 0 1
XORB1 57 1 J 0 0 0 0 0 1 1
Verification: Test program shown below. Fetch cycles not shown
Instruction | State Micro-operations | Operations performed
ORB ORB1 BOR AC- 1U2=3
ADDB ADDB1 BPLU AC- 3+2=5
ANDB ANDB1 BAND AC- 5722=0
XORB XORB1 BXOR AC- 0A2=2
SUBB SUBB1 BMIN AC- 2-2=0
16. PCLOAD = PCDT RBUS = ACR UPLUSUMINU UAND UOR UXOR
TRLOAD =TRDR ALUSL = PLUSUMINU UACIN
PCBUS = ARPC ALUS2 = MINU
DRHBUS = ARDT U PCDT ALUS3 = ACDRUACRUPLUS
DRLBUS = ACDR UMDR ALUSA = MINU UACIN
ACBUS = DRAC URAC ALUS5 = XOR UNOT
READ =DRM ALUS6 = OR UNOT
WRITE = MDR ALUS7 = AND UOR UXOR UNOT
MEMBUS = DRM ACLOAD = ACDRUACRUPLUSUMINU UACIN UACZOU
BUSMEM =MDR AND UOR UXOR UNOT
17. The subroutine now consists only of its last two instructions:
State A |C|B|AA A/P|P|DID|I|RlZ|T|AlA|lP|M|A|AlA|l O] X[ N|M| A
d [o| TIR[R|R|C|C|R|R|R|A|A|R[C|C|L|I |C[C|N|R[O|O|D| D
d(n P(I'|D|I|D/MA D/C|L/ DIDIRIU[N|I|Z]|D R[TIR| D
r |d CIN[T|IN|T C|R U R|R S|U|N| O R
e |i
S |t
s |i
o]
n
SUB1 61]|1(J|0]0O|O|1]0]1|0|0O|0Of0OJ1|0f[0O|0O]O]JO|0Of0O)O]0O[O|O]|®62
SUB2 62| 1|R/0]0O|1|0]0|0Of0O|JO|]0Of[O|O]O|O|OJO]|O]JO]OfO]O]OJO]| X
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The microseguencer is the same as shown in Figure 7.8, except the micro-operations fields are input to
decoders which generate the micro-operations.

From the microcode of Table 7.17, the following groups of micro-operations must occur
simultaneoudly at least once, and therefore must be located in different fields:

PCIN, DRM, and ARIN

ARPC, and IRDR

PCIN, DRM, and TRDR

ZALU, and each of the arithmetic and logic micro-operations (PLUS, MINU, ACIN, ACZO,
AND, OR, XOR, and NOT)

iii) Since some microinstructions (such as NOP1) perform no micro-operations, each field requires a NOP.

One possible partitioning of the micro-operations, and its resultant microcode, are shown below.

M1 M2 M3
NOP PLUS NOP NOP
TRDR MINU PCIN DRM
ARIN ACIN IRDR

ARPC ACZO ZALU
ARDT AND ACDR

PCDT OR ACR
DRAC XOR MDR
RAC NOT
State A|C|B M1 M2 M3 A State A |C B M1 M2 M3 A
d o|T D d o| T D
d n D d n D
r d R r d R
e i e i
S t S t
S i S i
o o]
n n
FETCH1 1 1| J]| ARPC NOP NOP 2 JMPZ1 24 | z¢| J NOP NOP NOP | 41
FETCH2 2 1(J NOP PCIN | DRM 3 JMPZY1 | 25 1 J | ARIN NOP | DRM | 26
FETCH3 3 X | M| ARPC | IRDR NOP | X JMPZY2 | 26 1 J | TRDR NOP | DRM | 27
NOP1 0 1(J NOP NOP NOP 1 IMPZY3 | 27 1 J | PCDT NOP NOP 1
LDAC1 4 1| J | ARIN PCIN | DRM 5 JVPZN1 | 41 1 J NOP PCIN NOP | 42
LDAC2 5 1| J ]| TRDR | PCIN | DRM 6 JMPZN2 | 42 1 J NOP PCIN NOP 1
LDAC3 6 11| J | ARDT NOP NOP 7 JPNZ1 28| 2| J NOP NOP NOP | 45
LDAC4 7 1(J NOP NOP | DRM | 33 JPNZY1 | 29 1 J | ARIN NOP | DRM | 30
LDAC5 331113 NOP | ACRD | NOP 1 JPNZY2 | 30 1 J | TRDR NOP | DRM | 31
STAC1 8 1| J| ARIN PCIN | DRM 9 JPNZY3 | 31 1 J | PCDT NOP NOP 1
STAC2 9 1(J]| TRDR| PCIN | DRM | 10 JPNZN1 | 45 1 J NOP PCIN NOP | 46
STAC3 10| 1| J | ARDT NOP NOP | 11 JPNZN2 | 46 1 J NOP PCIN NOP 1
STAC4 11| 1| J | DRAC NOP NOP | 34 ADD1 32 1 J PLUS | ZALU | NOP 1
STACS 4 (1] NOP MDR NOP 1 SUB1 36 1 J | MINU | ZALU | NOP 1
MVAC1 | 12 | 1| J NOP NOP NOP 1 INAC1 40 1 J | ACIN | ZALU | NOP 1
MOVR1 | 16 | 1 | J NOP NOP NOP 1 CLAC1 44 1 J | ACCL | ZALU | NOP 1
JUMP1 20| 1| J| ARIN NOP | DRM | 21 AND1 48 1 J AND ZALU | NOP 1
JUMP2 21| 1| J| TRDR NOP | DRM | 22 OR1 52 1 J OR ZALU | NOP 1
JUMP3 22 (1] J | PCDT NOP NOP 1 XOR1 56 1 J XOR ZALU | NOP 1
NOT1 60 1 J NOT ZALU | NOP 1
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19. The microseguencer is the same as shown in Figure 7.8, except the micro-operations fields outputs the
control signals directly, as shown in the following table.

State Address | Condition | BT Active control signals ADDR
FETCH1 1 1 J | ARLOAD, PCBUS 2
FETCH2 2 1 J | PCINC, DRLOAD, MEMBUS, READ 3
FETCH3 3 X M | ARLOAD, IRLOAD, PCBUS X
NOP1 0 1 J | None 1
LDAC1 4 1 J | ARINC, PCINC, DRLOAD, MEMBUS, READ 5
LDAC2 5 1 J | PCINC, DRLOAD, TRLOAD, MEMBUS, READ 6
LDAC3 6 1 J | ARLOAD, DRHBUS, TRBUS 7
LDAC4 7 1 J | DRLOAD, MEMBUS, READ 33
LDACS 33 1 J | ACLOAD, ALUS3, DRLBUS 1
STAC1 8 1 J | ARINC, PCINC, DRLOAD, MEMBUS, READ 9
STAC2 9 1 J | PCINC, DRLOAD, TRLOAD, MEMBUS, READ 10
STAC3 10 1 J | ARLOAD, DRHBUS, TRBUS 11
STAC4 11 1 J | DRLOAD, ACBUS 34
STACS 34 1 J | DRLBUS, BUSMEM, WRITE 1
MVAC1 12 1 J | RLOAD, ACBUS 1
MOVR1 16 1 J | ACLOAD, ALUS3, RBUS 1
JUMP1 20 1 J | ARINC, DRLOAD, MEMBUS, READ 21
JUMP2 21 1 J | DRLOAD, TRLOAD, MEMBUS, READ 22
JUMP3 22 1 J | PCLOAD, DRHBUS, TRBUS 1
JMPZ1 24 Z¢ J | None 41
JMPZY1 25 1 J | ARINC, DRLOAD, MEMBUS, READ 26
JMPZY?2 26 1 J | DRLOAD, TRLOAD, MEMBUS, READ 27
JMPZY3 27 1 J | PCLOAD, DRHBUS, TRBUS 1
JMPZN1 41 1 J [ PCINC 42
JMPZN2 42 1 J [ PCINC 1
JPNZ1 28 Z J | None 45
JPNZY 1 29 1 J | ARINC, DRLOAD, MEMBUS, READ 30
JPNZY 2 30 1 J | DRLOAD, TRLOAD, MEMBUS, READ 31
JPNZY 3 31 1 J | PCLOAD, DRHBUS, TRBUS 1
JPNZN1 45 1 J | PCINC 46
JPNZN2 46 1 J [ PCINC 1
ADD1 32 1 J | ACLOAD, ZALU, ALUS], ALUS3, RBUS 1
SUB1 36 1 J | ACLOAD, ZALU, ALUSL ALUS2, ALUSA, RBUS 1
INAC1 40 1 J | ACLOAD, ZALU, ALUSL, ALUHA 1
CLAC1 44 1 J | ACLOAD, ZALU 1
AND1 48 1 J | ACLOAD, ZALU, ALUS?7, RBUS 1
OR1 52 1 J | ACLOAD, ZALU, ALUSG, ALUS7, RBUS 1
XOR1 56 1 J | ACLOAD, ZALU, ALUS5, ALUS7, RBUS 1
NOT1 60 1 J | ACLOAD, ZALU, ALUS5, ALUSG, ALUSY 1
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20. This solution is the same as for Problem 6.18. The student can execute the following program using the
Relatively Simple CPU simulator to verify that each instruction performs properly.

0: LDAC 0000 (AC- 1)
NOP
MVAC (R- 1
ADD (AC- 2,2~ 0)
INAC (AC- 3,2~ 0)
XOR (AC- 2,2~ 0)
AND (AC- 0,2~ 1)
9: JMPZ 000D (jump is taken)
NOP (skipped by JIMPZ 000D)
D: JPNZ 0009 (jump is not taken)
NOT (AC-~ FF,Z- 0)
JMPZ 0009 (jump is not taken)
JPNZ 0018 (jump is taken)
NOP (skipped by IMPZ 0018)
18: CLAC (AC- 0,2~ 1)
OR (AC- 1,Z- 0)
SUB (AC- 0,2~ 1)
MOVR (AC- 1)
STAC 0030 (M[30] = 1)
AND (AC- 1,2~ 0)
JUMP 0000 (start again)

21. The state diagram, RTL code, register section, and ALU are the same as for Problem 6.28.

State diagram and RTL code:

FETCHL: AR- PC
FETCH2 DR- M,PC- PC+1
FETCH3: IR~ DR[7.6], AR~ DR[5.0]
COM1  AC- AC

JRELL  DR- M

JREL2  PC- PC+DR[5.0]

ORL: DR- M

OR2: AC- ACUDR

SUB1L: DR- M

SUB12  AC- AC+DR

Theregister section is the same as Figure 6.6, except for the data input to PC, shown below.

FC

~A~~2339 %
S QN
b

o -
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ARLOAD =FETCH1 U FETCH3
PCLOAD =JREL2
PCINC =FETCH2
PCBUS=FETCH1

Control signals:

DRLOAD = MEMBUS = READ =FETCH2 UJREL1U OR1U SUB11
DRBUS=FETCH3 UJREL2 UOR2 U UB12
ACLOAD =COM1 UOR2 U SUB12

IRLOAD =FETCH3

ALU
oy o m
v
X
i
7 o M
ALyslsofe v Teo
X T Ac
i
e
q '4@ ]s
@ €. ALusz=5v412
From __ ] t i
Bus €
Cin
T
()

The microsequencer hardware is the same as shown in Figures 7.3 and 7.4, except the micro-operations are

replaced by control signals.

Microcode:
State Address S|A|P P|P|D|D|A|Il | A|A |ADDR
E|IR|IC|C|C|M|R|C|R|L]|L
L |L|L I B|R|B|L|L]|J]U/|[U
O|O|N|U Uu|o|[fO]|Ss|s
A|JA |[C]| S S|A|A|1]2
D|D D| D
FETCH1 0000 (0) ojl1|lo0]J]0f1])J]0l0O0O]JOf|O0O] 0| 0O ]o0001
FETCH2 0001 (1) ojolo|j1[f0|1|0]jJO0Of[0O] 0| O]o0010
FETCH3 0010 (2) 1]12[0]0[0]0|1]0]| 1] 0] 0]|XXXX
CoM1 1000 (8) ojo|lo|jofo|jJOoO|lO]|21|[0] O O |o0000
JREL1 1010 (10) ojojlo|jofo]j1|l0]JO0Of|0O] 0| O0]101
JREL2 1011 (11) ojof1]J]0fO0O]JOf1])0f[0O0] O O 0000
OR1 1100 (12) ojojlojofo]j1|l0]JO0Of0O]O0O0]|O0]1101
OR2 1101 (13) ojojlojofo|jOoOf1])212|[0] 1| 00000
SUB11 1110 (14) ojojlojofo]j1|lo0]JO0OfO]O0O0]|O0]1111
SUB12 1111 (15) ojojlojofo]|jOoOf1]212|[0]O0f 10000
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22. The state diagram, RTL code, register section, and ALU are the same as for Problem 6.29.

State diagram and RTL code:

IRz 000 L
o oof | TR br ol w0 £y
r

L
FETCH1: AR- PC ADD1. DR- M,PC- PC+1
FETCH2: DR- M,PC- PC+1 ADD2:. AC- AC+DR
FETCH3: IR~ DR[7.5],AR- PC OR1: DR=- M,PC- PC+1
LDI1: DR- M,PC- PC+1 OR2: AC- ACUDR
LDI2: AC- DR JUMP1: DR- M
STO1: DR- M,PC- PC+1 JUMP2: PC - DR
STO2: AR- DR JREL1: PC - PC+ 000DR[4..0]
STO3: DR- AC SKIP1: PC- PC+1
STO4. M- DR RST1: PC- O,AC- 0
Control signals: ARLOAD =FETCH1 U FETCH3 U STO2

PCLOAD =JUMP2 U JREL?2
PCINC =FETCH2 U LDI1 U STO1 UADD1 U OR1 U XKIP1
PCCLR =RST1
PCBUS =FETCH1 U FETCH3
PCMUX =JUMP2
DRLOAD =FETCH2 U LDI1 U STO1 USTO3 UADD1 UOR1 UJUMP1
DRBUS=FETCH3 U LDI2 U STO2 U STO4 UADD2 U OR2 U JUMP2 U JREL1
ACLOAD =LDI2 UADD2 UOR2
ACCLR =RST1
ACBUS=STO3
IRLOAD =FETCH3
MEMBUS= READ =FETCH2 U LDI1 U STO1 UADD1 U OR1 U JUMP1
BUSMEM = WRITE =STO4

Copyright & 2001 Addison Wedley - All Rights Reserved Page 74



Computer Systems Organization and Architecture - Solutions Manual

Reqister section:

READ M &
Wil TE -
(M b gus MENBUS
8
f‘s A ﬁ r‘
) é
|
ARwAD
. &
I—; o pcBus
7 " P g 8
5r"..ﬂ] 8 v w 7 >—‘ﬁ
i JX 4;0 w i c'.-I
5 PeLaAl , Peoif
Poin
Pocrox
DRBUS
&
b OR B N
Fy.]
1
DRLOAD 8
- ; ACBUS
8 Ay AC ” J>——/8—-i
- o LD CLR
T T
Aciosp AccsR
3 L7.5)
b IR
Y]
1
1RLoAD
ALU From
G >
ALUST? AvD2 o ] -
: 0 O > 40
Ly + i) ) X
M Cin 5
v 3 o 4 T
o—jo0 X e 4, ALus2>oRz
9 e
From '; r
Aus /
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The microsequencer hardware is the same as shown in Figures 7.3 and 7.4, except the micro-operations are
output to decoders to generate the actual micro-operation signals, and the mapping functionis 1,IR[2..0],0.

Micro-operation field assignments:

M1 M2
0 NOP 0 NOP
1 AR- PC |1 IR~ DR[7.5]
2 DR-M |2 PC- PC+1
3 AC-DR|3 PC-0
4 AR- DR |4 PC- DR
5 DR- AC |5 PC- PC+000DR[4..0]
6 M- DR |6 AC- AC+DR
7 AC-0 |7 AC- ACUDR
Microcode:
State Address SEL | M1 [ M2 | ADDR
FETCH1 | 00000 0 001 | 000 | 00001
FETCH2 | 00001 0 101 | 010 | 00010
FETCH3 | 00010 1 001 | 001 | XXXX
STO3 00100 0 101 | 000 | 00101
STO4 00101 0 110 | 000 | 00000
LDI1 10000 0 010 | 010 | 10001
LDI2 10001 0 011 | 000 | 00000
STO1 10010 0 010 | 010 | 10011
STO2 10011 0 100 | 000 | 00100
ADD1 10100 0 010 | 010 | 10101
ADD2 10101 0 000 | 110 | 00000
OR1 10110 0 010 | 010 | 10111
OR2 10111 0 000 | 111 | 00000
JUMP1 11000 0 010 | 000 | 11001
JUMP2 11001 0 000 | 100 | 00000
JREL1 11010 0 000 | 101 | 00000
SKIP1 11100 0 000 | 010 | 00000
RST1 11110 0 111 | o11 | 00000
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23. The state diagram, RTL code, and register section are the same asin Problem 6.30.

Modified state diagram:

rd-le JA=1Z B, k3
03D (cded) [odws)
@) | @D
Cos6? o
(eAcdy— (cAus)
Te
FETCHL

Modified RTL code:

LDSP1: DR- M,AR- AR+1, PC- PC+1

LDSP2: TR- DR,DR- M,PC- PC+1
LDSP3: - DRTR

CALL1:DR- M,AR- AR+1,PC- PC+1

CALL2: TR- DR,DR- M,PC- PC+1

CALL3: TR2-~ DR DR- PC[15.8], P~ SP-1

CALL4 AR~ P
CALL5:M- DR AR- AR-1,SP- SP-1
CALL6: DR~ PC[7..0]

CALL7:M- DR

CALL8:PC- TR2,DR

RET1:
RET2:
RET3:
RET4:

AR- &P

DR- M,SP- S +1,AR- AR+1
TR- DR DR- M,SP- FP+1
PC- DRTR

Modified register section: (shown below)

PUSHACL: SP- S -1,DR- AC
PUSHAC2: AR- &P
PUSHAC3: M- DR

POPAC1:
POPAC2:
POPAC3:
PUSHRI:
PUSHR2:
PUSHRS:

POPR1:
POPR2:
POPR3:

AR~ S
DR- M,SP- F+1
AC- DR
- PF-1,DR- R
AR~ S
M- DR
AR~ S
DR- M,SP- F+1
R- DR

New registers: SP (with LD, DEC, INC), TR2 (with LD, receives data directly from DR)
New control signal: AR adds a DEC signal
New data path: DR can receive data from BUS15..8] or BUF7..0]
All other connections remain the same as shown in Figure 6.15.
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AR

DELC

T
ARPET

sPBUS
i

s P ¢

< £ ‘asC PEc

1 T T
S5P{d40 SPipyc  SPOEC

85 8]
- 7

8.7

DR

LR
L

5
1
ORSEL é |

L TRZBVS
TRZ

Lo BL75,.,
Tﬂzlca,qa
New micro-operations:
SPDT: P - DRTR DRPL: DR~ PC[7..0]
T2DR: TR2- DR PCTR: PC- TR2,TR
DRPH: DR- P(C[15..8] SPIN: SP- P +1
SPDC: P- F-1 DRR: DR- R
ARSP: AR- &P RDR: R- DR

ARDC: AR- AR-1

New mapping function:

ARDEC =
SPLOAD =
SPINC =
SPDEC =
SPBUS=
DRSEL =
TR2LOAD =
TR2BUS =

Modified control signals:

ARLOAD =
ARINC =
PCLOAD =
DRLOAD =
DRHBUS=
DRLBUS=
TRLOAD =
TRBUS=
RLOAD =
RBUS=

Copyright & 2001 Addison Wesley

IR[7,3..0]00 (TheextraMSB in ADDRisO for all current instructions.)

ARDC
SPDT
SPIN
SPDC
ARSP
DRPH
T2DR
PCTR

(original value) U ARSP

(original value) UPCTR

(original value) U DRPH U DRPL UDRR
(original value) U DRPH U DRPL UDRR
(original value) U SPDT

(original value) U T2DR URDR

(original value) ULDSP2 UCALL2 URET3
(original value) UPCTR

(original value) U RDR

(original value) U DRR
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New microinstructions:

State Address SEL Micr o-oper ations ADDR

LDSP1 100 0000 0 DRM, ARIN, PCIN 100 0001
LDSP2 100 0001 0 TRDR, DRM, PCIN 100 0010
LDSP3 100 0010 0 SPDT 000 0001
CALL1 100 1000 0 DRM, ARIN, PCIN 100 1001
CALL2 100 1001 0 TRDR, DRM, PCIN 100 1010
CALL3 100 1010 0 T2DR, DRPH, SPDC 100 1011
CALL4 100 1011 0 ARSP 100 0100
CALLS5 100 0100 0 MDR, ARDC, SPDC 100 0101
CALLG6 100 0101 0 DRPL 100 0110
CALL7 100 0110 0 MDR 1000111
CALLS 1000111 0 PCTR 000 0001
RET1 100 1100 0 ARSP 100 1101
RET2 100 1101 0 DRM, SPIN, ARIN 100 1110
RET3 100 1110 0 TRDR, DRM, SPIN 100 1111
RET4 100 1111 0 PCDT 000 0001
PUSHAC1 | 101 0000 0 SPDC, DRAC 101 0001
PUSHAC2 | 101 0001 0 ARSP 101 0010
PUSHAC3 | 1010010 0 MDR 000 0001
POPAC1 101 0100 0 ARSP 101 0101
POPAC2 101 0101 0 DRM, SPIN 101 0110
POPAC3 101 0110 0 ACDR 000 0001
PUSHR1 101 1000 0 SPDC, DRR 101 1001
PUSHR2 101 1001 0 ARSP 101 1010
PUSHR3 101 1010 0 MDR 000 0001
POPR1 101 1100 0 ARSP 101 1101
POPR2 101 1101 0 DRM, SPIN 101 1110
POPR3 101 1110 0 RDR 000 0001
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Chapter 8

1. a) 64=01000000 64"= 1100 0000
b) 33=0010000133 =11011111
c¢) -1=11111111 -1'=0000 0001

2. Non-negative Unsigned two's-complement

a) 29=00011101 00011101
b) -128=N/A 1000 0000
C) 199=11000111 N/A

3. Signed-Magnitude Signed-Twao's Complement

a) -63 = 1011 1111 1100 0001
b) 147 = N/A N/A
C) 85 = 0101 0101 0101 0101

4. @ 00111101 (180- 119 = 61)
b) N/A (56 + 205 = 261, overflow)
) 11111111 (139 + 116 = 255)

d) N/A (116 - 139 = -23, negative number)

5. a NA (-76 - 119 = -193, overflow)
) 00000101 (56 +-51=5)
) 11111111 (-117+116=-1)

d) N/A (116 - -117 = 233, overflow)
6. The worst cases are +127 + (-1) = +126 and +0 + (-128) = -128, both of which produce valid results.
7. Conditions Micro-operations i ] \Y/ Y | Z |FINISH
START X | X | XXXX [ xxxx]1110 0
1 U- 0,i- 4 4 0000 0
2 i-i-1 3 0
3,23 shr(CUV), cir(Y), goto 2 0 [0000|0xxx {0111
Yo2,2 CU- U+X i~ i-1 2 | 0 |1001 0
3,23 shr(CUV), cir(Y), goto 2 0 [0100{10xx|1011
Yo2,2 CU- U+Xi- i-1 1|0 |1101 0
3,23 shr(CUV), cir(Y), goto 2 0 [0110{110x|1101
Yo2,2 CU- U+Xi- i-1 0|0 |1111 1
3,23  |shr(CUV), cir(Y), FINISH = 1 0 |0111(1110|1110 1

Result: 9* 14 =126, or 1001 * 1110 = 0111 1110
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8. Conditions Micro-operations i |[C| U V | Z |FINISH
START X | x |xxxx|1110 0
1 U- 0,i- 4 4 0000 0
2 i~ i-1 3 0
3,23 shr(CUV), goto 2 0 |0000|0111
Vo2,2 CU- U+Xi=i-1 2 | 0 (1001 0
3,23 shr(CUV), goto 2 0 |0100{1011
Vo2,2 CU- U+Xi=i-1 1|0 (1101 0
3,23 shr(CUV), goto 2 0 |0110{1101
Vo2,2 CU- U+Xi-i-1 0|0 (1111 1
3,Z3 shr(CUV), FINISH- 1 0 |0111|1110 1

Result: 9* 14 =126, or 1001 * 1110 = 0111 1110

0. Conditions Micro-operations i [ U V | Y |Yy| Z |HNISH
START X [xxxx|xxxx|1011| x 0
1 U-0,Yy- 0,i- 4 4 10000 0|0
YoY4'2,2 U- U+X¢+1i-i-1 3 |1010 0
3Z3 ashr(UV), cir(Y), Y1 = Yo, goto 2 1101 [Oxxx [1101| 1
2 i-i-1 2 0
323 ashr(UV), cir(Y), Y5 = Yo, goto 2 1110|10xx|1110| 1
Yo'Y42,2 U- U+Xi-i-1 1 {0100 0
323 ashr(UV), cir(Y), Y5 = Yo, goto 2 0010(010x (0111 O
YoY4'2,2 U- U+X¢+1i-i-1 0 |1100 1
3,23  |ashr(UV), cir(Y), Y1= Yo, FINISH=- 1 1110|0010|1011 1

Result: 6* -5=-30, or 0110 * 1011 = 1110 0010

10 1:U—| O'V_1—| O,i—| n
Vo\/_12:U - U+X¢+1
\/OV_12: U= U+X

2i-i-1
3:ashr(UVV.y)
Z'3:goto 2
Z3FINIH- 1
STALT CUK
n 4 %Z ecrt
X oA ock e © o1
|n 1 ewn 2 ey 2 e 1|2
' o1+ A ¥ - o 2 L3
T T 0
Eﬁ e
§ ; R
n LO NG &
Parallel . .'Ié %
Adder K g Ermisu
A
e i la z e [\ to
sub‘ c}ké
E U \V) V.
L0 ciR A sH A SR 0 A CR 32
T T T T 1 7
1 ek cen 3 ek 3
3
V’
2 g
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11. Conditions Micro-operations ] \Y/ Y | Z |OVERFLOW)|FINISH
START x {0110[1011 |xxxx 0
1L CU- U+X¢+1 0 (1100
1 U= U+X 0110
2 Y- 0, OVERFLOW- 0,i- 4 0000| O 0
3 shlCUV,shlY,i- i—-1 0 [1101{0110{0000| O
C4 CU- U+X¢+1 1 {0011
C4,,Z 4, Yo- 1,goto3 0001
3 shlCUV,shlY,i- i—-1 0 (0110{1100{0010{ O
C4 CU- U+Xe¢+1 0 {1100
CaZ4, U- U+X goto3 0 (0110
3 shlCUV,shlY,i- i—-1 0 [1101{1000{0100{ O
C4 CU- U+X¢+1 1 {0011
C4,,Z 4, Yo- 1,goto3 0101
3 shlCUV,shlY,i- i—-1 0 [0111{0000{1010] 1
C4 CU- U+X¢+1 0 (1101
C'4,,24, U= U+X FINISH- 1 0111 1
Result: 107, 10=10R 7, or 0110 1011 , 1010 = 1010 R 0111
12. Conditions Micro-operations C U \ Y Z | FINISH
START x | 0110 | 1011 | xxxx 0
1 NONE
2 Y- 0,C- 0, 0 0000 | O
OVERFLOW- 0,i- 4
3 shl CUV,shlY,i- i—1 0 | 1101 | 0110 | 0000 | O
(C+G)4Z4 | Yo= 1,U- U+Xe+1, 0011 0001
goto 3
3 shl CUV,shlY,i- i—1 0 | o110 | 1100 | 0010 | O
Z4 goto 3
3 shl CUV,shlY,i- i—1 0 | 1101 | 1000 | 0100 | O
(C+G)4Z4 | Yo= 1, U= U+ Xe+1, 0011 0101
goto 3
3 shl CUV,shlY,i- i—1 0| o111 | 0000 | 1010 | 1
Z4 FINISH- 1 1
Result: 107, 10=10R 7, or 0110 1011 , 1010 = 1010 R 0111
13. 1:OVERFLOW-~ G
GLFINISH - 1
2Y- 0,C- 0i-n ove,\,
3shiCuV,shlY,i- i—-1 G £
(C+G)4Yo- 1, U~ U+Xe+1 %
Z'4:goto 3 <0 A
ZAFINISH- 1 1'_ c’m

(Only 1, G1, and 2, and the OVERFLOW hardware are changed; the rest is the same as in the chapter.)
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14. 1;CU-~ U+Xe¢+1

1)U~ U+X, OVERFLOW- C o
CLFINISH - 1 VE

2Y- 0,im n C KF

3 CUV, sl Y, in i—1 -~ L
CAzU -~ U+Xe+1 %
C4:CU-~ U+Xe+1
ChyYp— 1 LO A
CdyU- U+X r !
Z4FINISH - 1 1, clk
Z'4,:goto 3

(Only 1,, and 2, and the OVERFLOW hardware are changed; the rest is the same as in the chapter.)

15. 1o:NU = Upg, NX = Xig
UniloUV = (UV) +1
Xn1lo: X~ X' +1
GL:FINISH - 1, OVERFLOW- 1
NUGL:UV - (UV)' +1
NXGL:X- X +1
2Y- 0,C- 0,OVERFLOW- 0,i= n
ZshiCUV,shlY,i- i—-1
(C+G)4Yy~ 1L,U~ CU+Xe¢+1

Z4:goto 3
(NUANX)5:Y- Y+1L, U= U+1
NX5:X = X +1
5:FINISH - 1
16 10: NU = Un.]_, NX = Xn-l

UnloUV = (UV) +1
Xn_llo:x - X'+1
1:CU- U+Xet+1
Liu- U+X
Clx:FINISH = 1, OVERFLOW - 1
NUCL:UV - (UV) +1
NXClyX - X +1
2Y- 0,C- 0,OVERFLOW- 0,i- n
3ishl CUV, shlY,i- i—1
C4p:U- U+ Xe+1
C4i:CU- U+ Xe¢+1
ChyYy- 1
C4xU- U+X
Z'4,:goto 3
(NUANX)5:Y- Y+1, U~ U +1
NX5:X = X +1
5FINISH- 1

Copyright & 2001 Addison Wedley - All Rights Reserved Page 83



Computer Systems Organization and Architecture - Solutions Manual

17.9) PM1: CU - 01110, OVERFLOW- 0 b) PM'1: Us- 0, CU - 10000

CPM2,2: Us=~ 1,U - 0010, FINISH - 1 PM2,2: OVERFLOW - 1,FINISH- 1
Result: UU =1 0010 = -2 Result: Overflow

C) PM1: CU - 01110, OVERFLOW- 0 d) PM'1: Us- 0, CU - 10000

C'PM2,2: Us= 0,U - 0010, FINISH - 1 PM’2,2: OVERFLOW - 1, FINISH -~ 1
Result: UU = 00010 = +2 Result: Overflow
18. PM1:Ug~ X, CU~ X+Y >
PM1:CU = X+ Y¢+ 1, OVERFLOW- 0 PM ‘e,
CZPM2:Ug- X, -DC'-;_—_D_ £,
CZPM2:U,—~ 0 9,
C'PM2:Us~ X4U- Uc+1 ‘ID A

2:OVERFLOW- PM'AC, FINISH -~ 1 2 clk

(Only PM1, PM'2 (deleted), and 2, and the OVERFLOW hardware are changed; the rest is the same asin the
chapter.)

19. a) |Conditions Micro-operations i |[C| U V | Y | Z|HNISH
START X | X ]xxxx|xxxx|1001 0
1 U= 1, Vo= LU= 0,i- 4] 4 0000 0
Yo2,2 CU- U+Xi=-i-1 3|0 |0111 0
3,23 shr(CUV), cir(Y), goto 2 0 |0011|1xxx|1100
2 i-i-1 2 0
3,23 shr(CUV), cir(Y), goto 2 0 |0001|11xx|0110
2 i-i-1 1 0
3,23 shr(CUV), cir(Y), goto 2 0 |0000|{111x|0011
Yo2,2 CU- U+Xi=i-1 0| 0 (0111 1
3,23  |shr(CUV), cir(Y), FINISH = 1 0 |0011|1111|1001 1

Result: +7 " -9=-63,0r 00111" 11001 =10011 1111

b) |Conditions Micro-operations i |[C| U V | Y | Z|HNISH
START X | X ]xxxx|xxxx|0000 0
1 U= 1, Vo= LU= 0,i- 4] 4 0000 0
2 i~ i-1 3 0
3,23 shr(CUV), cir(Y), goto 2 0 |0000]|0xxx | 0000
2 i~ i-1 2 0
3,23 shr(CUV), cir(Y), goto 2 0 |0000|00xx | 0000
2 i~ i-1 1 0
3,23 shr(CUV), cir(Y), goto 2 0 |0000|000x | 0000
2 i~ i-1 0 | O {0000 1
ZT13,3,Z3 Us= 0, Vs= 0, 0 |0000|0000|0000 1
shr(CUV), cir(Y), FINISH- 1

Result: -13° +0=+0,0r 11101~ 00000 = 0 0000 0000
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c) |Conditions Micro-operations i U V | Y | Z|HNISH
START X[ X xxxx | xxxx (1111 0
1 U=~ O,Ve~ O,U=- 0,i~ 4| 4 0000 0
Yo2,2 CU- U+Xi- i-1 3]0]|1111 0
3,23 shr(CUV), cir(Y), goto 2 0 |0111|1Ixxx|1111
Yo2,2 CU- U+Xi- i-1 2|1 |0110 0
323 shr(CUV), cir(Y), goto 2 0 |1011{01xx|1111
Yo2,2 CU- U+Xi- i-1 1| 1]1010 0
323 shr(CUV), cir(Y), goto 2 0 |1101{001x|1111
Yo2,2 CU- U+X i~ i-1 0| 1 |1100 1
3,23 [shr(CUV), cir(Y), FINISH = 1 0 |1110({0001|1111 1
Result: +15° +15=+225,0r 01111 " 01111 =01110 0001
20.
X L Y
A SHR
) 1
»n Tk 2
Parallel o | 7= ¢ —#§>o—>2
Ow X |
CAoder ‘,0 [[\ ccl&
1 ck 2 START cLK
L » L n T 1
A A F[TD‘Q M Vv
¢ 0 opd
£
etk ¢ v v 32 e r
LR o co cz'/? 4\ SHR /r\ 2./ of— A N > o 23
L—E—l 4 cLk teK 2 e 50; It+4
% R A
3 1 oe L0 INC £
T 2 4
) y (T4
L
20 7] - ¥, 20 CR 79 23 Fivis H
ciep U L V, el 1=
| :7 4 ccR O
T T I
START ¢tk 4
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21. Add the following RTL statement. The rest of the algorithm is unchanged.
Gl  Us- UsA X Yo UsA X
22. Add the following RTL statement. The rest of the algorithm is unchanged.

Cly Us= UAX, Yom UA X

23.a8)  PML:CU- 098 OVERFLOW- 0 b)  PML1 CU- 064, OVERFLOW- 0
CPM2,2: Us~ 1,U - 02, FINISH - 1 C'PM2,2: Us~ 1,U - 36, FINISH - 1
Result: UU=102= -2 Result: UU =136 =-36
)  PMLCU- 030

PM2,2: Us—~ 0, OVERFLOW - O, FINISH - 1
Result: UU =030 =+30

24. a) Conditions Micro-operations i [CqlU|V]|Y|Zw| Z |FINISH
START X | X [xx|xx[23] 0 0
1 U= 0, Vs= 0O, 21000 0
U- 00,i- 2,C4= O
Zy2 CqU - CyU +X, 0 (17 220
Yq0 = Yeo—1, goto 2
Zv?2 CqU = C4U + X, 0|34 21| 0
Yq0~ Yeo—1,goto 2
Zy2 CqU - CyU +X, 0 (51 20| 1
Yq0~ Yeo—1,goto 2
Zvo2 i-i—-1 1 0
3,23 |dshr(C4UV), dshr(Y), goto 2 0|05|1x|02]| 0
Zy2 CqU - CyU +X, 0 (22 01| 0
Yq0~ Yeo—1,goto 2
Zy2 CU- CyU+X, 0 (39 00| 1
Yq0 = Yeo—1, goto 2
ZY02 i - i - 1 O 1
3,723 dshr(CyUV), dshr(Y), 03|91 1
FINISH- 1

Result: +17" +23=+391

b) |Conditions Micro-operations i |CalU|V]|Y|Zvw| Z|FINISH
START X | X [ xx|xx[32] 0 0
1 U= 1, V- 1, 21000 0
U- 00,i- 2,C4= O
Zv2 CqU -~ CyU +X, 0|71 31| 0
Yq0~ Yeo—1,goto 2
Zv2 CqU -~ CyU +X, 1142 30| 1
Yq0~ Yeo—1,goto 2
Zyy2 i-i—-1 1 0
3,23 |dshr(C4UV), dshr(Y), goto 2 0 |14|2x|03
Zv?2 CqU -~ CyU +X, 0|85 02| 0
Yq0~ Yeo—1,goto 2
Zv?2 CqU - CyU +X, 1 (56 01| 0
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Ya0~ Yeo—1,goto 2
Zy2 CU - CyU+X, 2 (27 00| 1
Yq0~ Yeo—1,goto 2
Zvo2 i-i—-1 0 1
3,723 dshr(CyUV), dshr(Y), 22|72 1
FINISH- 1
Result: +71" -32=-2272
C) Conditions Micro-operations i |[CqlU|V]|Y|Zw| Z |FINISH
START X | X [xx|xx|[10]| O 0
1 Us= 0,V;— 0, 20|00 0
U- 00,i- 2,C4= O
Zvo2 i-i—-1 1 0
3,23 |dshr(CyUV), dshr(Y), goto 2 0 |00|0x|01
Zy2 CU - CyU+X, 0 (39 00| 1
Ya0 = Yeo—1,goto 2
Zvo2 i-i—-1 0 1
3,723 dshr(CyUV), dshr(Y), 0 [03]90 1
FINISH- 1
Result: -39" -10=+390
25.
Y —3 So—>Zy,
X DOR A 0‘57‘ ‘43.01'3-* o
[
7 /]
kn b Ly O
Zyo - £ Z
a inf= o O oLk
“ Aotder | ‘l [|\ 7
1 ek Z STAAT oLk
.4"” J"h C:‘ \l/
" o 04
L s £
v T o z [ i
<0 _cif AOSHE] poutl  opiNA M~ o 2}
1 CLk e 2 g 2. I¢
R £
- £
as v é
1 : |
6 coff X5 Vs T Zre H FRE 4 Firis H
o Us \/S <,..c,fﬁ’
Z 2 R L0
Y, T
— i srxm’c!x 4
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26 Gl Us - USA Xs Y5 USA Xs
GL:FINISH - 1, OVERFLOW- 1
22Y- 0,Cy~ 0,OVERFLOW- 0,i= n
3:dshl C4UV, dshl Y, i= i—-1
(Zaa+G)4 Yo~ Yo+1,CqU~ CqU +Xe+ 1, goto 4
Z4G'Z'4:goto 3
ZG'ZAFINISH - 1

27. 1:CU -~ CgU + X¢+ 1 (Note: X¢+ 1 =967, not 67)
L:Uu- U+X
Z'q15:FINISH = 1, OVERFLOW - 1
Zogdo:Us~ UsA X Ysm UsA X
2:Y- 0,OVERFLOW- 0,i= n
3:dshl CUV, dshl Y, i= i—1
4:CCyU = CyU + X¢+ 1
C4r Y= Yo+1,CqU -~ CyU + Xe+ 1, goto 4,
C4,:CU -~ CiU+X
Z2'C'4,:goto 3
ZC4:FINIH - 1

28.a) 20ns
b) :i:15+1o+15:2
Ty 20
C) n*40>20* (n+2), whichyieldsn> 2
n* 40 o
d) =15, whichyieldsn=6
2(n+2)
29. Addresses| xxx000 | xxx001 | xxx010|xxx011|xxx100|xxx101|xxx110|{xxx111
0-7 0 0 0 0 0 0 0 0
8-15 0 1 2 3 4 5 6 7
16-23 0 2 4 6 8 10 12 14
24-31 0 3 6 9 12 15 18 21
32-39 0 4 8 12 16 20 24 28
40-47 0 5 10 15 20 25 30 35
48-55 0 6 12 18 24 30 36 42
56-63 0 7 14 21 28 35 42 49
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30.
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32.
(o)  (woro1t00000) (’0”;;’3) /‘E/?i
PP4 PPS l l
Carry Save ¢ pPe) Carry Save é_ppz@)
Adder Adder
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33. The following symbols are used in this design.
Condition Symbol Condition Symbol
(lleY + Ny + Zy)l: 1 CPM’4; 9
(lezxz'y + |lelex)1: 2 CEPM,S: 10
(lny + leNy)l: 3 PM’'5: 11
Exy2| 4 CPM4| 12
Evx2: 5 Z‘UCIEU'F(n_l)PMS: 13
PM’3: 6 (Zuy+ Ce)PM 5| 14
PM3: 7 CeUgnyPM 5| 15
3 8
c/]k 5 etk ? etk & etk 4
SHR v SHR v /;c \‘/ IﬁI’C
XF Yp Xg YE
i clk
v 14
Paralle/ = 10v
Cou C,‘
i /40/0/8" 7 7 USLO _/vzvsvgv/z
)
Xe X U;H 00 }]
N R MuX 3z
e 2 3 45| g Sp b—2viZ
C 4ci ~ S 2v3viZ o ¢« 2z 3
0 et vx Sy 171
é 4 Xs | V5
Ys@0f U
UF 7v13 [VZV3V/0
20 R A SHM  S#c | c{ o cl”r
T T T ] z \v4 —
I 4 ctk 4 13 55 LDJé_S:c_ 2
I v2v3v6vTv(Ovl2 ch— 14
STAAT T
1 elk MUX S/ /0
e»/-iaor[ ‘Mcv o0 o . 2%
3o 0 V- @ L
ol s l5% | 5] e Xe
X 4 ‘ 7 7 o — @
3 £ Y] 3 b @
160 43 | R € Ik
20 we R ga- @ it
T T ) v
@ 4vs I .
/5 1
(1250 ) (450) 08 e 8
T L j2v3/ZetdelS
START
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Chapter 9

1.

b)

Mask: 1111 1111 0000 0000
Datas 1111 0000 XXXX XXXX

The fifth location from the top
The third, seventh, and eighth locations from the top
No locations match this criteria

|20 bit tag| 16 bit data| Valid bit| 37 bits
| 7 bit tag | 16 bit data| Valid bit | 24 bits
| 8 bit tag | 16 bit data|Valid bit| 8 bit tag| 16 bit data| Valid bit| 50 bits
Way 1 Way 2
9 bit tag|16 bit data| Valid |9 bit tag| 16 bit | Valid [9 bit tagl 16 bit | Valid [9 bit tag| 16 bit | Valid
bit data | bit data | bit data | bit
Way 1 Way 2 Way 3 Way 4
104 hits
|18 bit tag| 8 bit data |Valid bit| 27 bits
| 4 bit tag | 8 bit data |Valid bit | 13 bits
| 5bit tag | 8 bit data |Valid bit|5 bit tag| 8 bit data |Valid bit| 28 bits
Way 1 Way 2
6 bit tag| 8 bit data | Valid |6 hittag) 8bit | Valid [6 bittag 8bit | Valid [6 bittag| 8bit | Valid
bit data | bit data | bit data | bit
Way 1 Way 2 Way 3 Way 4
60 bits

32 or 33 hits: 15 for the address tag
8 for the first data value
8 for the second data value
1 for the valid bit
1 for the dirty bit (only if the cache uses write-back)

Assuming the bits are ordered aslisted in part a¢ 111 1111 1111 1111 0000 0000 0000 0000
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6. Only changes shown
Instruction Address hits Data1|Data2|Valid | Comments
LDAC 4234 | 000 0000 0000 0000( 01 34 1
000 0000 0000 0001| 42 0B 1
0100001 0001 1010 55 29 1
CLAC No changes Cache hit
JMPZ 000A |000 0000 0000 0010 06 0A 1
000 0000 0000 0011| 00 05 1
INAC 000 0000 0000 0101| OA 03 1
MVAC No changes Cache hit
ADD 000 0000 0000 0110 08 02 1
STAC 0927 Cache hit
000 0000 0000 0111| 29 09 1 | (opcode)
000 0100 1001 0011| -- 02 1
JUMP 0000 (000 0000 0000 1000 05 00 1
000 0000 0000 1001| 00 - 1
7. Only changes shown
Instruction |Addressbits| Tag | Data |Valid|Dirty | Comments
LDAC 4234 0 000 | 01 1 0
1 000 | 34 1 0
2 000 | 42 1 0
4 423 | 55 1 0
CLAC 3 000 | OB 1 0
JMPZ 000A 4 000 | 06 1 0 |Replacedata
5 000 | OA 1 0
6 000 | 00 1 0
INAC A 000 [ OA 1 0
MVAC B 000 | 03 1 0
ADD C 000 | 08 1 0
STAC 0927 D 000 | 02 1 0
E 000 | 27 1 0
F 000 | 09 1 0
7 092 02 1 1
JUMP 0000 0 001 05 1 1 |Replacedata
1 001 00 1 1 |Replacedata
2 001 00 1 1 |Replacedata
8. Only changes shown
Instruction |Addressbits| Tag |DataO|Datal|Data?|Data3|Valid|Dirty| Comments
LDAC 4234 0 000 [ 01 34 42 0B 1 0
1 423 | 55 29 - - 1 0
CLAC No changes Cache hit
JMPZ 000A 1 000 | 06 0A 00 05 1 0 Replace data
INAC 2 000 | 00 00 0A 03 1 0
MVAC No changes Cache hit
ADD 3 000 | 08 02 27 09 1 0
STAC 0927 Cache hit (instr)
1 092 -- -- -- 02 1 1 Replace data
JUMP 0000 0 001 05 00 00 - 1 0 Replace data
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10.

11.

Instruction | Address |Tagl Datal |Vaidl|Dirtyl|Tag2| Data?2 |Vaid2 Dirty2|Comments
LDAC 4234 0 000 (01/34/42/0B| 1 0
1 423 | 55/29/--/-- 1 0
CLAC No change Cache hit
JMPZ 000A 1 423 | 55/29/--/-- 1 0 | 000 [06/0A/00/05 1 0
INAC 2 000 [00/00/0A/03] 1 0
MVAC No change Cache hit
ADD 3 000 [08/02/27/09| 1 0
STAC 0927 423 | 55/29/--/-- 1 0 --/--/--102 Hit (instr)
1 092 1 1 Replace
JUMP 0000 0 000 [01/34/42/0B| 1 0 | 001 |05/00/00/--| 1 0
Copyright & 2001 Addison Wedley - All Rights Reserved Page 94

Only changes shown

Instruction |Addressbits| Tag 1 |Datal|Valid 1|Dirty 1| Tag 2 |Data 2 Valid 2| Dirty 2| Comments
LDAC 4234 0 000 | 01 1 0
1 000 | 34 1 0
2 000 | 42 1 0
4 423 | 55 1 0
CLAC 3 000 | OB 1 0
JMPZ 000A 4 423 | 55 1 0 000 | 06 1 0
5 000 | OA 1 0
6 000 | 00 1 0
INAC A 000 [ OA 1 0
MVAC B 000 | 03 1 0
ADD C 000 | 08 1 0
STAC 0927 D 000 | 02 1 0
E 000 | 27 1 0
F 000 | 09 1 0
7 092 [ 02 1 1
JUMP 0000 0 000 | 01 1 0 001 | 05 1 0
1 000 | 34 1 0 001 | 00 1 0
2 000 | 42 1 0 001 | 00 1 0
Only changes shown
Instruction |Addressbits| Tag 1 |Data1|Valid 1|Dirty 1| Tag 2 |Data 2 Valid 2| Dirty 2| Comments
LDAC 4234 0 000 (01/34| 1 0
1 000 (42/0B| 1 0
2 423 | 55/29 1 0
CLAC No change Cache hit
JMPZ 000A 2 423 | 55/29 1 0 000 |06/0A| 1 0
3 000 [00/05| 1 0
INAC 5 000 [OA/O3| 1 0
MVAC No change Cache hit
ADD 6 000 | 08/02 1 0
STAC 0927 Hit (instr)
7 000 | 27/09 1 0
3 000 [00/05| 1 0 092 |--/02| 1 1
JUMP 0000 0 000 (01/34| 1 0 001 |05/00| 1 0
1 000 [42/0B| 1 0 001 | 00/-- 1 0

Only changes shown

same values for this program.

Note: Both LRU and FIFO replacement policies replace the
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12.

13.

Hit ratio = 4.5%

Instruction Tag Data |Valid| Dirty |Comments

LDAC 4234 0000 01 1 0

0001 34 1 0
0002 42 1 0
4234 55 1 0
STAC 4235 0003 0B 1 0
0004 35 1 0
0005 42 1 0
4235 55 1 1

MVAC 0006 03 1 0

INAC 0007 0A 1 0

ADD 0008 08 1 0

JPNZ 0020 0009 07 1 0

000A 20 1 0

000B 00 1 0
LDAC 4235 0020 01 1 0

0021 35 1 0

0022 42 1 0

4235 55 1 1 Cache hit
JUMP 0029 0023 05 1 0

0024 29 1 0

0025 00 1 0
AND 0029 ocC 1 0

Hitsinitalics Hit ratio = 40.9%
Instruction | Tag | Data |Valid| Dirty Comments

LDAC 4234|0000 | 01/34| 1 0
0001|42/0B| 1 0
211A| 55/55| 1 0

STAC 4235 Hit (instr)
0002|35/42| 1 0
211A|55/55| 1 1 Hit (4235)

MVAC 0003 03/0A| 1 0

INAC Cache hit

ADD 0004 | 08/07| 1 0

JPNZ 0020 Hit (instr)
0005|20/00| 1 0

1 0 Hit (00)

LDAC 4235|0010 | 01/35| 1 0 Hit (instr)
0011|42/05( 1 0 Hit (05) - replaces data
211A Hit (55) - replaces data

JUMP 0029 Hit (instr)
0012]29/00| 1 0 Replaces data

AND 0014|00/0C| 1 0 Replaces data
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14.

15.

Hit ratio = 4.5%

Instruction |Address| Tag | Data |Valid| Dirty Comments
LDAC 4234 0 000 | O1 1 0
1 000 | 34 1 0
2 000 | 42 1 0
4 423 | 55 1 0
STAC 4235 3 000 | OB 1 0
4 000 | 35 1 0 Replaces data
5 000 | 42 1 0
5 423 | 55 1 1 Replaces data
MVAC 6 000 | 03 1 0
INAC 7 000 | OA 1 0
ADD 8 000 | 08 1 0
JPNZ 0020 9 000 | 07 1 0
A 000 | 20 1 0
B 000 | 00 1 0
LDAC 4235 0 002 | 01 1 0 Replaces data
1 002 | 35 1 0 Replaces data
2 002 | 42 1 0 Replaces data
Hit (read from 4235)
JUMP 0029 3 002 | 05 1 0 Replaces data
4 002 | 29 1 0 Replaces data
5 002 | 00 1 0 Replaces data
AND 9 002 | OC 1 0 Replaces data
Hitsinitalics Hit ratio = 50.0%
Instruction |Address| Tag | Data |Valid| Dirty Comments
LDAC 4234 0 000 |01/34| 1 0 Hit (34)
1 000 |42/0B| 1 0
2 423 [ 55/-- | 1 0
STAC 4235 Hit (STAC)
2 000 | 35/42| 1 0 Hit (42) - Replaces data
2 423 [55/55| 1 1 Hit (4235) Replaces data
MVAC 3 000 |03/0A| 1 0
INAC Hit (INAC)
ADD 4 000 | 08/07 | 1 0
JPNZ 0020 Hit (STAC)
5 000 | 20/00| 1 0 Hit (00)
LDAC 4235 0 002 |01/35| 1 0 Hit (35) - Replaces data
1 002 | 42/05( 1 0 Replaces data
Hit (4235)
JUMP 0029 Hit (JUMP)
2 002 | 29/00| 1 0 Hit (00) - Replaces data
AND 4 002 |00/0C| 1 0 Replaces data
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16.

17.

18.
19.
20.
21.
22.

Hitsinitalics LRU valueunderlined  Hit ratio = 4.5%
Instruction |Address|Tagl|Datal| V1| D1 |Tag2Data? V2| D2 |Tag3Data3 V3| D3 |Tag4|Datad| V4| D4
LDAC 4234 0 0000| 01 | 1 (O |108D| 55 | 1| O
1 0000| 34 | 1|0
2 |oooo| 42 | 1|0
STAC 4235 3 0000| OB | 1| O
0 0000| 01 | 1| O |108D| 55 |1 |0 (0001 35 |1 | O
1 0000 34 (1| 0 |0001f 42 | 1| 0 |108D| 55 [ 1 | 1
MVAC 2 0000| 42 | 1 (0 |000L] O3 |1 | O
INAC 3 0000| OB | 1 ( O |0OOL| OA |1 | O
ADD 0 0000| 01 | 1| O |108D| 55 | 1 | 0 |00O1| 35 |1 | 0O |0OO2] 08 | 1| O
JPNZ 0020 1 0000| 34 | 1| 0 |000O1| 42 | 1| O |108D| 55 | 1 (1 ]0002] O7 | 1| O
2 0000| 42 | 1 (0 |0001| O3 |1 |0 (0002 20 |1 | O
3 0000| OB | 1 [ O |OOO1] OA |1 | 0 |0002] OO ] 1| O
LDAC 4235 0 0008| 01 | 1| O |108D| 55 | 1 | 0 |00O1| 35 | 1 [ O |0OO2] 08 | 1| O
1 |0008f 35 | 1 | O |0001| 42 [ 1| O (108D| 55 | 1| 1 (0002 O7 (1| O
2 ]0000| 42 | 1[0 |0001] O3 | 1 [0 |0002] 20 |1 [0 |O0OOB] 42 |1 |0
JUMP 0029 3 0000| OB | 1 | O |0OOO1| OA | 1 | O |0OO2] OO | 1 [ O |OOOB] O5 | 1| O
O (0008 01 [ 1| 0 (0009 29 | 1 (O |OOOL| 35 | 1[0 |00O2] 08 | 1| O
1 |0008f 01 | 1| O |0009f 00 [ 1| O [108Df 55 | 1| O foo02f 07 1| O
AND 1 |0008f O1 | 1 | O |0OO9( OO [ 1 | O [OOOAf OC | 1| O (0002 O7 (1| O
Hitsinitalics LRU value underlined  Hit ratio = 40.9%
Instruction |Address|Tagl|Datal{V1|D1|Tag2|Data? V2| D2
LDAC 4234 0 0000(01/34| 1| O
1 0000(42/02| 1 | O
2 211A|55/--1 1| 0
STAC 4235
2 211A|55/55| 1 | 0 [0000(35/42f 1 | 1
MVAC 3 0000(03/0A| 1| O
INAC
ADD 0 0000(01/34| 1 | O |0001|08/07| 1 | O
JPNZ 0020
1 0000|42/02] 1 | 0 |0002)20/00] 1 | O
LDAC 4235 0 0008(01/35| 1 | O |0001|08/07| 1 | O
1 0008(42/05| 1 | O |0002|20/00| 1 | O
1 0008|42/05] 1 | 0 |211A|29/00] 1 | O
JUMP 0029
2 0009|29/00] 1 | 0 |0000|35/42 1 | 1
AND 0 0008(01/35| 1 | O |0009|0OC/--| 1 | O
Tu=hTc+(1-h)Tp=(75* 8ns) + (.25* 65 ns) =22.25 ns
Te=(Tu-(1-h)Tp)/h=(399ns-.35* 75ns)/ .65=21ns
Tp=(Ty-hTg)/(1-h)=(24ns-.8*10ns)/.2=80ns
h=(Ty-Tp)/(Tc- Tp) = (40 ns-55ns) / (10 ns- 55 ns) = 0.333 ns
The next jJump instruction is always overwritten by its predecessor; h = 0.
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23.

24,

25.

26. @)
b)

27.9)

b)

28.a)
b)
C)
29. 9)
b)

30. )
b)
C)

(Only changes shown)
Address Frame Valid Comments
LDAC 4234 0 0 1
4 1 1
JUMP 1000 No changes
STAC 4235 1 | 2 | 1 |42354dreadyinmemory
JUMP 2000 No changes
JUMP 0010 2
JUMP 3000 No changes
JUMP 0100 3 0 1
0 0 0
JUMP 1100 o [ 12 ] 0 |
LDAC 4234 | STAC 4235 | JUMP 0010 | JUMP 3000 | JUMP 0100 | JUMP 1100
JUMP 1000 | JUMP 2000
PFV PFV PFV PFV PFV PFV
001 121 121 001 301 301
411 411 231 231 231 011
LDAC 4234 | STAC 4235 | JUMP 0010 | JUMP 3000 | JUMP 0100 | JUMP 1100
JUMP 1000 | JUMP 2000
PFV PFV PFV PFV PFV PFV
001 121 121 001 301 301
411 411 231 231 231 011
1554H
2000H
Fault
F231H
Fault
4401H
1C35H
0A38H
Fault
C543H
4077H
8401H
2000H
OD61H
3FFFH
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31.a) 9512H
b) 3456H
C) 63EDH
29 | 2 | ¢ [ 1 |
[ o [ 6 ] 1]
o E [ A ] 1]
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Chapter 10

L 1é
Als-o
ME W’

D,

clhk —D

L0

7o

b e = a o = o 1

A4 o I T et
pon L N e - S R
i L P z-F _:gg.ka_|_. 197 v
: ._st Dfx- 1 3 ﬁEG
CPu PPN R oy R
3 ]
READ ——— Yatohp
10 WATE I D)—>rova
8
3. e

xR
.y crery—Ngr p)—Ho 1 0T o1 PrS > T3rena

OTPTL: DR~ M,PC- PC+1, AR~ AR+1
OTPT2: TR~ DR, DR~ M,PC- PC+1
OTPT3: AR- DRTR

OTPT4: DR~ AC

OTPTS: Output port = DR

3. Add the following connections using the same decoder used to generate the states of the INPT execute

routine. The rest of the circuit is unchanged.

ragrP7T

t- Z
TRy ——3 pseoney

_*h'

I,
IRy

IRy
IRy
TR,
IR,
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B—t—o7rra
7, —F—orrr2
T ED—o7ers

Te — 4 D—oTrr4

T7 __‘D—OTPTS
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5. MEMBUS = (old value of MEMBUS) UINPT1UINPT2 UINPT4
PCINC = (old value of PCINC) UINPT1 UINPT2
TRLOAD = (oldvalueof TRLOAD) UINPT2
ARLOAD = (oldvaueof ARLOAD) UINPT3
DRHBUS = (old value of DRHBUS) UINPT3
TRBUS = (old value of TRBUS) UINPT3
DRLBUS = (oldvalueof DRLBUS) UINPT5
6. The control unit changes are the same as for Problem 10.4. The control signal changes are as follows.
ARINC = (old value of ARINC) UOTPT1
MEMBUS = (old value of MEMBUS) UOTPT1 U OTPT2
BUSMEM = (old value of BUSMEM) U OTPT5
PCINC = (old value of PCINC) UOTPT1 U OTPT2
TRLOAD = (oldvalueof TRLOAD) UOTPT2
ARLOAD = (oldvaueof ARLOAD) UOTPT3
DRHBUS = (old value of DRHBUS) UOTPT3
TRBUS = (old value of TRBUS) UOTPT3
DRLBUS = (oldvalueof DRLBUS) UOTPT5
1. i) Maodify the mapping function to map instruction code 0010 0000 to microcode address 100 0000.

ii) Add microcode signa 10, which is 1 only for the microinstruction at address 67.
iii) Add the following microinstructions to memory. (Only active control signals are shown.)

64: DRLOAD, MEMBUS, PCINC, ARINC UJes
65: TRLOAD, DRLOAD, MEMBUS, PCINC U J66

66: ARLOAD, DRHBUS, TRBUS uJer7
67: DRLOAD, MEMBUS UJ6s
68: ACLOAD, DRLBUS uJol
8. i) Modify the mapping function to map instruction code 0010 0001 to microcode address 100 1000.

ii) Add microcode signa 10, which is 1 for the microinstruction at address 76.
iii) Add the following microinstructions to memory. (Only active control signals are shown.)

72: DRLOAD, MEMBUS, PCINC, ARINC uJ73
73: TRLOAD, DRLOAD, MEMBUS, PCINC UJ74

74: ARLOAD, DRHBUS, TRBUS uJ7s
75. DRLOAD, ACBUS uJ76
76: BUSMEM, DRLBUS uJol
o. Time(ns) O 10 20 40 45 60 80 85 90 100

Routine | MAIN | IRQ1 | IRQ2 | IRQ1 | IRQ3 | IRQ4 | IRQ3 | IRQ1L | MAIN |

10. Time(ns) O 10 30 50 70 90 100
Routine | MAIN | IRQ6 | IRQ5 | IRQ4 | IRQ3 | MAIN |

11.  Time(ns) O 10 20 40 50 60 80 90 100
Routine | MAIN | IRQ4 | IRQ6 | IRQ4 | IRQ1 | IRQ3 | IRQ1 | MAIN |

12. Daisy chaining is easier to modify when it is necessary to add peripherals to a computer system. It also
requires fewer pins on the CPU. Other points may also be considered for this question.
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13. IACKot = IACKin M IRQ'

TACK,— 4
n }IACHOG&
ITRGQ—Po—
14. Time(ns) O 10 20 40 50 60 80 90 100
Routine | MAIN | IRQ4 | IRQ6 | IRQ4 | IRQ1 | IRQ3 | IRQ1 | MAIN |

IACKG;n
IACK6ow | 1 ]
IACK4ip
IACK 4o |
IACK3;, |
IACK 3ot ’—|—,—|—
IACKZL;, ’—|—,—|—
IACK 1oy
15. Time(ns) O 10 20 45 60
Int. Reg. [ ] [ ] [ e
Int. Ack. [ ] [ ] [ BB
Vector 4 6 1 3
16.
1o Iz
G—c/k
it
TESET L— T£RST
17.

TRC T T LERST
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18. i) Add thefollowing hardware to implement INT.

I€
1P —0 /M T oo

D>

N
O\i—)b
0

ii) Change thefollowing state signals:

FETCH1=TO" (IP UIE)
FETCH2 =T1 A INT
FETCH3 = T2/ INT

iii) Add hardware to generate the following new state signals:

INTL=TO" (IP"IE)
INT2=T17 INT
INT3= T2~ INT
INT4 = T3/ INT
INT5 = T4~ INT
INT6 = T5” INT
INT7 = T6 " INT

iv) Modify the following internal control unit signals:

Decoder enable = (Old value of Decoder Enable) ~ INT'
Time counter CLR = (Old value of Time counter CLR) ~ INT7

19. Replace state FETCH1 and its input and output arcs with the following.

TEATF

MW e Td o L A AT

zire’

To FETCTHZ

20. I[ENIPAFETCHL: AR- SP
(IE'UIP) A FETCHL: AR~ PC
INT2 - INT7 are the same as in the chapter text.
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21.

22.

23.

24,

25.
26.

27.9)

ARLOAD =(Original value of ARLOAD) UINT1
ARDEC =(Original value of ARDEC) U INT3
SPBUF =(Original value of SPBUF) UINT1
SPDEC =(Original value of SPDEC) UINT2 U INT3
DRLOAD =(Origina value of DRLOAD) UINT2 U INT4 U INT6
DRLBUS=(Origina value of DRLBUS) U INT3 UINT5 UINT7
PCHBUS=(Criginal value of PCHBUS) U INT2
PCLBUS=(Original value of PCLBUS) UINT4
PCLOAD =(Original value of PCLOAD) U INT7
BUSMEM =(Original value of BUSMEM) U INT3 U INT5
WRITE =(Original value of WRITE) UINT3 UINT5
MEMBUS=(Original value of MEMBUS) U INT6
IACK =INT5 U INT6

/4:5
MEHR

£ o L0 (Ydofress)

A ——NS, 5 4 i 300 (Count)

Ao~ s, pEC 2> L0 (Conlrol)
3

LDAC 2000
OTPT 8000
LDAC 2001
OTPT 8001
LDAC 2002
OTPT 8002

Replace the FETCH1 input to the OR gate which drives the INC signal of the Time Counter with
FETCH1" BR.

No changes are required, since the CPU does not interact with the data bus while aDMA transfer is active.

i) COH 10H 00OH 00H 20H 99H O0H
ii) C1H 11H OOH 08H 28H 99H 01H
iii) COH 10H 80H 00H 01H 99H 02H

1 start + O parity + 1Y% stop bits = 2% bits overhead; 2% | (2%2+ 8) = 23.8%.
1 start + 1 parity + 2 stop bits = 4 bits overhead; 4 , (4 + 7) = 36.4%.
1 start + 1 parity + 1 stop bits = 3 bits overhead; 3, (3 + 5) = 37.5%.

Asynchronous: 2, (2 + 8) =20.0%; HDLC: 48, (48 + 96) = 33.3%; Asynchronous has less overhead
Asynchronous: 2%, (2¥%2+ 7) = 26.3%; HDLC: 48, (48 + 168) = 22.2%; HDL C has less overhead
Asynchronous: 2, (2 + 8) =20.0%; HDLC: 48, (48 + 192) = 20.0%; Both have the same overhead.

LDAC 1111

OTPT 9800H
LDAC 1112H
OTPT 9801H
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30.8) Token packet: 24 bits
Data packet: 6168 bits
Handshaking packet: 8 hits
TOTAL: 6200 bits

b) 56, 6200=0.90%
C) 1536 ~ (1 tart bit + 8 data bits + 1 stop bit) = 15,360 bits
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Chapter 11

1.

25ns” 100%vs. (24 ns” 99%) + (24 ns” 4 ingtructions” 1%) average time
25nsvs. 23.76 ns+ 0.96 ns
25 ns> 24.72 ns, therefore the second CPU has better performance

25ns” 100% = (24 ns” (100 - X)%) + (96 ns” x%y); x = 1.389%

25ns” 100% = (24 ns” 99%) + (24 ns” x instructions” 1%); x = 5.167 instructions
xns” 100% = (24 ns” 99%) + (96 ns” 1%); x = 24.72 ns

25ns” 100% = (x ns” 99%) + (4x ns” 1%); x = 24.272 ns

15ns” 100%vs. (12ns” 98%) + (12 ns” 6instructions” 2%) average time
15 ns > 13.2 ns, therefore the second CPU has better performance

15ns” 100% = (12ns” (100 - x)%) + (72 ns” x%); x = 5%

15ns” 100% =(12ns” 98%) + (12ns” x instructions” 2%); x = 13.5 instructions
xns” 100% = (12ns” 98%) + (72ns” 2%); x =13.2ns

15ns” 100% =(xns” 98%) + (6x ns” 2%); x = 13.636 ns

18ns” 100%vs. (16 ns” 96%) + (16 ns” 5instructions” 4%) average time
18 ns > 18.56 ns, therefore the first CPU has better performance

18ns” 100% = (16 ns” (100 - x)%) + (80 ns” x%y); x = 3.125%

18ns” 100% = (16 ns” 96%) + (16 ns” x instructions”~ 4%); x = 4.125 instructions
xns” 100% = (16 ns” 96%) + (80 ns”~ 4%); x = 18.56 ns

18ns” 100% =(xns” 96%) + (5x ns” 4%); x = 15.517 ns

Clock period =80 ns
Steady state speedup = (40 + 80 + 50)/80 = 2.125
160/80 =2

Clock period = 60 ns
Steady state speedup = (30 + 25 + 60 + 40)/60 = 2.583
150/60 = 2.5

Clock period = 70 ns
Steady state speedup = (20 + 25 + 20 + 70 + 40)/70 = 2.5
160/70 = 2.286

Clock period = 50 ns
Steady state speedup = (40 + 45 + 35 + 50)/50 = 3.4
160/50 = 3.2

Clock period =40 ns
Steady state speedup = (30 + 25 + 20 + 40 + 40)/40 = 3.875
150/40 = 3.75

Clock period =45 ns

Steady state speedup = (20 + 25 + 20 + 25 + 45 + 40)/45 = 3.889
160/45 = 3.556

Combine stages 1 and 2, and combine stages 3 and 4
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10.

11.

12.

13.

14. a)

15. 9

b)

d)

Copyright & 2001 Addison Wedley - All Rights Reserved

10 global registers + 8 windows ™ (4 input registers + 10 local registers) = 122 registers
Note:  Common output registers are not counted since they are already counted as common input
registers of the next window.

160 registers = 16 global registers + W windows ~ (8 input registers + 16 local registers); W = 6 windows

192 registers = 12 global registers+ 10 windows~ (6 input registers + L local registers);

L =12 local registers

188 registers = 20 global registers + 12 windows ™ (C input registers + 10 local registers);
C =4 common input (and common output) registers

2 no-ops
2 no-ops

1IRl- RR+R3
N1:No-op

2R4- R1+R2
N2:No-op

3:R3- R1+R4

4R5- R2+R6

5:R6- R1+R2
N3:No-op

6:R7- R5+R6

1IRl1- R+R3
4R5- R2+R6
2R4- R1+R2
5:R6- R1+R2
3:R3- R1+R4
6:R7- R5+R6

IRl1- R+R3
2R4- R1+R2
3:R3- R1+R4
4R5- R2+R6
5:R6- R1+R2
6:R7- R5+R6

IRl1- R+R3
2R4- R1+R2
3:R3- R1+R4
4R5- R2+R6
5:R6- R1+R2
6:R7- R5+R6

Stage\Cycle 2|13(4|5|6|7(8|9]|10|11

1 N1| 2 N2 3| 4| 5]|N3| 6

2 1 (N1 2 |N2| 3|4 |5]|N3|6

3 - | 1|N1] 2 |N2| 3| 4|5|N3|6
Stage\Cycle 213145678

1 412|5(3]|6

2 1({4|2]|5|3]|6

3 -11(4|2]|5]|3]|6
Stage\Cycle 2|3(4|5|6|7|8|9]|10|11

1 2|S|[3|S|4|5|S|6

2 1({2|S|3|S|4|5|S|6

3 -11(2]|S|3|S|4|5|S|6
Stage\Cycle 213145678

1 2|3|4|5]6

2 1({2|3|4|5]|6

3 -11(2|3|4|5]|6
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16. @)

b)

d)
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IRl- R+R3
N1:No-op
N2:No-op

2R4- RL+R2
N3:No-op
N4:No-op

3:R3- R1+R4

4R5- R2+R6

5:R6- R1+R2
N5: No-op
N6: No-op

6:R7- R5+R6

IRl- R+R3
4R5- R2+R6
N1:No-op

2R4- R1+R2
5R6- RL+R2
N2:No-op

3'R3- RL+R4
6:R7- R5+R6

IR1- RR+R3
2R4- R1+R2
3:R3- R1+R4
4R5- R2+R6
5R6- RL+R2
6:R7- R5+R6

1IRl1- R+R3
2R4- R1+R2
3:R3- R1+R4
4R5- R2+R6
5:R6- R1+R2
6:R7- R5+R6

Stage\Cycle 213|4|5(6|7|8|9(10|11|12|13|14|15

1 N1|N2| 2 IN3|N4| 3| 4 | 5 |N5|N6| 6

2 1 |N1|N2| 2 [N3[N4| 3| 4| 5 [N5[N6| 6

3 - | 1 [N1{N2| 2 IN3|N4| 3| 4 | 5 |N5|N6| 6

4 - |- | 1|N1|N2| 2 [N3[N4| 3|4 |5 |N5|N6| 6
Stage\Cycle 213|4|5|6|7|8|9(10]11

1 4IN1{2|5|N2| 3|6

2 1{4|N1|2|5|N2| 3|6

3 -11[4[N1|2|5[N2[3]|6

4 -|-|1[4|N1J2|5[N2[3]|6
Stage\Cycle 213|4|5(6|7|8|9(10|11|12|13|14|15

1 S|S|{2|S|S|3|4|5|S|S|6

2 1/S|S|2|S[S|3|4|5|S|[S|6

3 -11|S[S|2]|S|S|{3|4|5|S|S|6

4 -|l-11]|S|S|2|S[S|3|4|5|S|S|6
Stage\Cycle 213|4|5|6(7|8]9

1 2|13|4(5]|6

2 112|3|4|5|6

3 -11(2[3|4]|5]|6

4 -|1-11]12]|3|4|5|6
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17. a)

b)

d)
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IRl- R+R3
N1:No-op
N2:No-op

2R4- RL+R2
N3:No-op
N4:No-op

3:R3- R1+R4

4R5- R2+R6

5:R6- R1+R2
N5: No-op
N6: No-op

6:R7- R5+R6

IRl1- R+R3
4R5- R2+R6
N1:No-op

2R4- R1+R2
5:R6- R1+R2
N2:No-op

3:R3- R1+R4
6:R7- R5+R6

IRl1- R+R3
2R4- R1+R2
3'R3- RL+R4
4R5- R2+R6
5:R6- R1+R2
6:R7- R5+R6

1IRl1- R+R3
2R4- RL+R2
3:R3- R1+R4
4R5- R2+R6
5:R6- R1+R2
6:R7- R5+R6

Stage\Cycle 213(4|5|6|7|8]|9(10(11({12(13(14|15|16

1 N1|N2| 2 IN3|N4| 3 | 4 | 5 [IN5|N6| 6

2 1 [N1|N2| 2 IN3|N4| 3 | 4 | 5 [N5|N6| 6

3 - | 1 |N1|N2[ 2 [N3[N4| 3| 4 | 5 |[N5|N6| 6

4 - | - [ T[NIIN2| 2 IN3|N4| 3 | 4 [ 5 [N5[N6| 6

5 -1 -1-11[N1N2| 2 |N3|N4| 3| 4| 5 |N5[N6| 6
Stage\Cycle 2|13(4|5|6|7|8]|9/|10(11(12

1 4IN1| 2| 5|N2[ 3|6

2 1[4 N1 2]|5|N2|3|6

3 -|11]4|N1f2|5[N2| 3|6

4 -|1-]1]4[N12]|5|N2|3|6

5 -1-1-11[4[N12]|5|N2|3|6
Stage\Cycle 2|13(4|5|6|7]|8]|9(10(11({12(13(14|15|16

1 S|S|2|S[S|3|4]|5]|S|S|6

2 1({S|S|2|S|S|3|4|5|S|S|6

3 -11|S|S|[2|S|[S|3|4|5|S|S|6

4 -|1-11]S[S|2]|S|S|3|4|5|S[S|6

5 -1-1-11[S|S|2]|S|S|3|4[5|S[S|6
Stage\Cycle 213|4(5|6]|7|8]9]10

1 2|3|4(5|6

2 1({2|3]|4|5|6

3 -1112[3|4|5]|6

4 -|1-1112[3|4]|5]|6

5 -]1-1-1112|3|4]|5]|6
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18.a) LRl- R+R3
N1:No-op
2Rl1- R1+R2
3R2- R3+R4
4R5- R6+R7
N2:No-op
5:R5- R5+R7
6:R6 - R1+R2

b) 1Rl- R+R3
3:R2-~ R3+R4
4R5- R6+R7
2:R1-~ RL+R2
5:R5 - R5+R7
6:R6 -~ RL+R2

C) 1Rl1- R2+R3
2R1- R1+R2
3:R2- R3+R4
4R5- R6+R7
5:R5- R5+R7
6:R6 - RL+R2

d LRl- R+R3
2:R1-~ RL+R2
3:R2-~ R3+R4
4R5- R6+R7
5:R5- R5+R7
6:R6 -~ RL+R2

Copyright & 2001 Addison Wedley - All Rights Reserved

Stage\Cycle 2(3(4|5|6|7|8 10

1 N1]2|3|4|N2|5(6

2 1|N1|2|3[4|N2|5

3 -[1|N1j2|3|4([N2 6
Stage\Cycle 213|4|5|6|7]|8

1 3/4(2|5]|6

2 1|13|4|2|5](6

3 -[1]13|4]2|5]|6
Stage\Cycle 2(3(4|5|6|7|8 10

1 2(3[S|4|5|S|6

2 112|3|S|4|5]|S

3 -{1]12|3|S|4|5 6
Stage\Cycle 213|4|5|6|7]|8

1 2(3[(4|5]|6

2 112|3|4|5]|6

3 -{1]2|3]|]4|5|6
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19. 9

b)

d)
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IRl- R+R3
N1:No-op
N2:No-op

2Rl1- R1+R2

3R2- R3+R4

4R5- R6+R7
N3:No-op
N4:No-op

5:R5- R5+R7

6:R6 - R1+R2

IRl1- R+R3
3R2- R3+R4
4R5- R6+R7
N1:No-op

2Rl1- R1+R2
5:R5- R5+R7
N2:No-op

6:R6 - R1+R2

IRl1- R+R3
2Rl1- R1+R2
3R2- R3+R4
4R5- R6+R7
5:R5- R5+R7
6:R6- R1+R2

IRl- R+R3
2Rl1- R1+R2
3'R2- R3+R4
4R5- R6+R7
5:R5- R5+R7
6:R6 - R1+R2

Stage\Cycle 2134(5|6|7|8]|9(10(11|12|13

1 N1|N2| 2| 3| 4 [N3[N4| 5| 6

2 1|N1|N2[ 2 [ 3| 4 |N3|N4| 5| 6

3 - [1|N1N2| 2| 3|4 [N3|N4| 5| 6

4 -[-121|NLN2| 2| 3|4 |N3|N4| 5|6
Stage\Cycle 2(3(4|5|6|7|8|9(10|11

1 3|4 (N1 2]|5]|N2| 6

2 1|13|4|N12|5|N2|6

3 -[1]3]4IN12|5[N2[6

4 -[-1212]3|4|N1 2|[5|N2| 6
Stage\Cycle 213|4(5|6|7|8]|9(10(11|12|13

1 2|S|S|[3|4|S|S|5]|6

2 112|S|S|3|4|S|S|5]|6

3 -{1]2|S|S|3|4|S|[S|5]|6

4 -[-11]2|S|S|3|4|S|S|5]|6
Stage\Cycle 213(4(5(6|7|8]|9

1 213(4|5]|6

2 112|3|4(|5](6

3 -[1]2|3]|]4|5]|6

4 -[-11]12|3|4|5]|6
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20. 9

b)

d)

21.

22.

23.
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IRl- R+R3
N1:No-op
N2:No-op

2Rl1- R1+R2

3R2- R3+R4

4R5- R6+R7
N3:No-op
N4:No-op

5:R5- R5+R7

6:R6- R1+R2

1IRl1- R+R3
3R2- R3+R4
4R5- R6+R7
N1:No-op

2Rl- R1+R2
5:R5- R5+R7
N2:No-op

6:R6 - R1+R2

1I'R1 -
2:R1 =
3R2 -
4:R5
5R5 -
6:R6 -

R2+R3
R1+R2
R3+R4
R6 + R7
R5+ R7
R1+R2

1I'R1 -
2Rl -
3R2 -
4:R5
5R5 -
6:R6 -

R2+R3
R1+R2
R3+R4
R6 + R7
R5+ R7
R1+R2

Stage\Cycle | 1

Stage\Cycle

10

11

12

13

14

N2

w

N4

N1

N2

N3

N4

N1

N2

NfWw|h~| O

N3

N4

N1

N2

N3

N4

A B[WIN|F

Stage\Cycle

N1

N2

10

N3

11

N4

12

N

N2

W N

RPlWlh|w

N1

G B[(W|N|F

Stage\Cycle

[l OS] Y

N2

11

12

13

14

()]

SIS

9]

()]

Q| B[(WIN|F

Stage\Cycle

RIN[O|w|l o

NI nw| o

nlnlwldnlN

~

niwlk~fn| o

oo

w|hln|njo| ©

©

RPIN(W] A D>

o1

A B[(W|IN|F

~
(o]

1 1

RN N

2 -

3 - -

Stage\Cycle | 1

RIN(W] W

Nlwln| >

wlmin| o

wnln|Blo
0|6

11

RIN(W| Ao O

NlWw|h~|OofO]| O

14

wW|h|(foo®

15

1 1

RININ

2 -

3 - -

Stage\Cycle | 1

RIN(W] W

Nfw|A| >

WO O

Mo Z]| o
(4,174 4 IEN|
Z|Z[N] oo

ZIN|w| ©o

N|W|H>

10

WO

1 1

SN FNEN)

2 -

w

3 - -

Ao W

ENISILSIES

1IN (W] O

NIW|(~]| O
Wlh|fo] N
AIOI[N] 0O

1IN (W] ©

M| 2
alZ|12

ninjalo
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24. Q)

b)

25. @)

b)
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1IRl- RI+R2
2R3- R3+R4
3:R5- RL+R5
4:JUMP 9
N1:No-op
N2:No-op
9R2- R1+R3

1IRl- RI+R2
4:JUMP 9

2R3- R3+R4
3:R5- RL+R5
9R2- R1+R3

1IRl- RI+R2
2R3- R3+R4
3:R5- RL+R5
4:JUMP 9

9R2- R1+R3

1IRl- RI+R2

2R3- R3+R4
N1:No-op

3:R5- R1L+R5

4:JUMP 9
N2:No-op
N3:No-op

9R2- R1+R3

1IRl- RI+R2
4:JUMP 9
2R3- R3+R4
3'R5- RL+R5
N:No-op
9R2- R1+R3

1IRl- RI+R2
2R3- R3+R4
3:R5- R1L+R5
4:JUMP 9

9R2- R1+R3

Stage\Cycle 213(4(5(6|7|8]|9

1 2| 3|4 ([N1N2| 9

2 112]3|4([N1N2| 9

3 -11]12]3]4|N1N2[9
Stage\Cycle 2|13(4|5]|6]|7

1 4(2]13]9

2 11412(3(9

3 -1114]12]3]9
Stage\Cycle 213(4(5(6|7]|8]9

1 213(4[S|S|9

2 112|3(4[S|S|9

3 -11]12]|3]4]|S|S|9
Stage\Cycle 2(3(4|5|6|7|8|9(10|11

1 2 [N1| 3| 4 |N2|N3| 9

2 1] 2|N1f 3[4 [N2|N3| 9

3 -[21]2]|N1| 3|4 ([N2|N3|9

4 - -121]2]|N1 3|4 ([N2|N3| 9
Stage\Cycle 213(4(5(6|7|8]|9

1 4[{2]|3|N]|9

2 114|123[N|9

3 -[114]12|3|IN|9

4 -l-1214]12]|3|N|9
Stage\Cycle 2(3(4|5|6|7|8|9(10|11

1 2(3[S|4|S|S|9

2 112|3[S|4|S|S|9

3 -[1]2]3]|S|4[S[S]|9

4 -[-112]12|3|S|4[S|S|9
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26. @)

1:R1- 3
2R2- R2+R3

3R3- R3+R4
4RA- RL+R2

5R1- R1-1
N1:No-op

6:IF (RL1 0) THEN GOTO 2
N2:No-op
N3:No-op

7'R5-~ R6+R7
8'R6- R7+R8

Stage\Cycle

1

10

11

12

13

15

16

17

18

19(20

21

23

24|25

26|27

28

29

1

1

RIN[N

N2

N3

w

N2[N3|

w

N2[N3|

oo

2

N1

N2

N3

N1

6 |N2

N3

N1

6 |N2

N3

oo

3

RIN[W]W

b) 1.R1- 3

N:No-op
5R1- R1-1

N(W|~[>

wWlh|(ojo

22R2- R2+R3

6:IF (RL* 0) THEN GOTO 2

3:R3- R3+R4
R1+R2

4:R4 —
7:R5 -
8:R6 -

1

R6 + R7
R7 + R8

N1

N2|N3|

10

11

NlW(>~

12

Wlh|fo

13

14

15

N1

16

17

N2|N3|

18

19

NlW(>~

20

wWlh|fo

21

Stage\Cycle
1

1

2

—|ZN

oo

3

C) IRl -
2:R2 =
3:R3 -
4:R4 -

5R1- R1-1

R|Z]l0|w

3

Zla|N|~

alN(o o1

R2+R3
R3+R4
R1+R2

N|O(W]|O®

oOlw(h~|N

W|h|O1]00

AIOIN]O

[S211\S] o))

6:IF (RL* 0) THEN GOTO 2
7:R5- R6+R7
8:R6 - R7+RS8

1

N|O|W

11

(o] (V] [F -4

12

Wlh|fo

13

KON

14

[S211\S] o))

15

N|O|W

16

(o] (V] [F -4

Wk

17

18

N N] [ee]

19

20

21

22

23

N1

24

25

N2|N3|

26

27

28

29

Stage\Cycle
1

1

2

RIN[N

niniN
niN|w

NlW(>~

Wlh|fo

~ln

ajn|o
mniowm
o|Nnm

nn|~N
n|~joo

3

RIN[W]W

N(W|~[>

wWlh|(ojo

Mmoo

ano|N

0nio|n|

olnim|o

nln|vs

mniN|(w

NlW(>~

Wlh|fo
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ajn|o
mniowm
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27. 1I'R1- 3
2R2- R2+R3
3'R3- R3+R4
4R4- RI+R2
5R1- R1-1
N:No-op
6:1IF (R1t 0) THEN GOTO 2
7"R5- R6+R7
8:R6- R7+R8

Underlined instructions are annulled

Stage\Cycle [1[2(3[4[5[6|7[8[9(10{11{12{13{14(15(16{17{18({19(20{21{22(23[24(25(26(27
1 1{2[3[4[5[N[6|7|8[2|3|4|[5|[N|6|7[8|2|3|4|5|N|6]|7]8
2 -]11]12]3]4|5|N|6]|7]|8|2]|3]|4|5|N|6]|7]|8]|2]|3]|4|5|N|6]7]|8
3 -1-12]12]|3]|4|5|N|6|7|8|2|3|4|5|N|6|7]|8|2|3|4|5|N|6]|7]|8
28. a) 1R1- 3
22R2- R2+R3
3:R3- R3+R4
4R4- R1+R2
5R1- R1-1
N:No-op
6:1F (R1t 0) THEN GOTO 2
7T"R5- R6+R7
8:R6- R7+R8

Underlined instructions are annulled

10{11]12]13{14|15]|16(17|18]19|20|21]22|23[24|25

Stage\Cycle | 1

1 1
2 -
3 - -

=IN[N

RN w|w
NW|™|D™
M| Z|o

o|N|w|o
a|Z|o
Zlo|N
oN|w
N W[
w|hfo
A2
a|Z|o
Zlo|N
oN|w
IN|w ([~
W |~ oo
(o0}

Z|o|N|oo
Wlh|fo
A2

a|Z|o|~N

wWlh|(ojo
NlW(>~

b) 1R1- 3
22R2- R2+R3
3:R3- R3+R4
4R4- R1+R2
5R1- R1-1
N:No-op
6:1IF (R1t 0) THEN GOTO 2
7"R5- R6+R7
8'R6- R7+R8

Underlined instructions are annulled

Stage\Cycle [1[2[3[4[5[6|7[8[9(10{11{12{13{14{15(16{17{18({19(20{21{22(23[24(25(26(27
1 1/2]|3[4|5|N|6|7]|8|2[3]|4|5[N|6]|7[8]2]|3[4]|5|N[6]7]8
2 -|11[{2]|3]4[5|N|6[7|8]|2|3|4]|5|N[6]7|8[2]3|4[5|N|6[7]8
3 -1-1112]|3[4|5|N|6|7]|8|2|3|4|5|N|6|7|8]|2|3[4]|5|N[6]7]8
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bisection bandwidth = 500 Mb/s
bisection bandwidth = 1000 Mb/s
bisection bandwidth = 500 Mb/s
bisection bandwidth = 4000 Mb/s
bisection bandwidth = 8000 Mb/s

bi section bandwidth = 16000 Mb/s
bisection bandwidth = 512000 Mb/s

bisection bandwidth = 10 Mb/s
bisection bandwidth = 20 Mb/s
bisection bandwidth = 10 Mb/s
bisection bandwidth = 40 Mb/s
bisection bandwidth = 80 Mb/s
bisection bandwidth = 80 Mb/s
bisection bandwidth = 640 Mb/s

b(hc) = (n/2) * Ign* I, b(cc) = (En/20* én/20) * |; (nf2) * Ign* | < (&n/20* é/20) * | forn3 5

bb(mesh) = 2+/16 * 100 Mb/s = 800 Mb/s = (&16/20* &16/20) * lo:; I = 12.5 Mbls

Chapter 12
1. a) diameter=1;  bandwidth =500 Mbrs;
b) diameter =32; bandwidth = 32000 Mby/'s;
C) diameter =10; bandwidth = 31000 Mb/s;
d) diameter =16; bandwidth = 56000 Mby/s;
€) diameter =8;  bandwidth = 64000 Mby/s;
f) diameter=6;  bandwidth = 96000 Mb/s;
g) diameter =1;  bandwidth = 1008000 Mb/s;
2. @) diameter=1;  bandwidth = 10 Mbr/s;
b) diameter =8;  bandwidth = 160 MbJ/s;
C) diameter =6;  bandwidth = 150 Mby/s;
d) diameter=8;  bandwidth = 240 Mby/s;
€) diameter =4;  bandwidth = 320 Mby/s;
f) diameter=4;  bandwidth = 320 Mb/s;
g) diameter =1;  bandwidth = 1200 Mb/s;
3. d(tree) = 2*dg n{ d(ring) = n/2; 2*dgni<n/2for 13£n£ 15andn3 17
4. d(mesh) = /n , d(tree) = 2*dg ni; +/n < 2*dg ndfor 2 £ n £ 196
5.
6. Q)
b) 800 Mb/s=16/2 * ly; lne = 100 Mbis
C) 800 Mb/s= 26716/ 2 et s = 200 Mbis
7. The hardware complexity is O(n?).

- - ~ - —-—_ - -~ - - - == byl . - - T T TN
[ 1 ] - &
1 ! '
] M-
1 | !
t | 1
1 . I
2 4 | - Z
! ]
3 4- 3
e . - T . . - == e __T T4
E- = - = e e e = = — it |
q {I 4_4
1
5 A LS
' I
t | ]
I ! ]
i I [ ¢
£ 4
f 1 T
T M 7
I e U Ui
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812345670

8. <
810 624753y
9 @12345679
' 846752103,&,
10 812345670
' 84 37260154
11. Circled switches were set randomly.
- r= - == ———— - b
a) = M } Dy ! o
A ] . »
f ]
1 t
2 — | 2
; ) , ;
by et e — o —— - .
4 | = = — \ 4
5 L\ 1 5
| |
¥ 1
€ | —rs
, .[ <! >,
L e TR L]
- S~ - - - - "
® p— P 1
b) "] | , °
! |
I t
2 1 -2
3 A 1 — 3
4 e __' -
5 ><._5'
) i
[ 1
6 - l — | ¢
7 ; 1 7
R e : :
o , . B
! I
y i t
2 t 2
, <] , B
- f 4
. <,
|
i t
€ '
. > : ,
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L4
5

— 7

12. a) b)
0 - BL o
o, / °
' « — ! '
2] - 2 2] 5
L
3 — /—3 3 %k
4_11[ |4 4 |
5 dffr >< 5 3
€ — i é 6 — 44
[+
7 7— CK
C) = 4‘0 — 0
- C[r ]
2 L 2
840
s Ck 3
A
4_.8L0 L4
s+ <K — S
5_.64 [ ¢
7—+ oc;( — 7
IAddresses

13.a) Module |AddressRange

Mg Oto8M - 1

00 OX XX XXXX XXXX XXXX XXXX XXXX

M3 8M to 16M - 1

00 IXXX XXXX XXXX XXXX XXXX XXXX

M, 16M to24M - 1

01 OXXX XXXX XXXX XXXX XXXX XXXX

M3 24M to 32M - 1

01 IXXX XXXX XXXX XXXX XXXX XXXX

M, 32M t0 40M - 1

10 OX XX XXXX XXXX XXXX XXXX XXXX

M5 40M to 48M - 1

10 IX XX XXXX XXXX XXXX XXXX XXXX

Ms 48M to 56M - 1

11 OX XX XXXX XXXX XXXX XXXX XXXX

M- 56M to 64M - 1

11 IXXX XXXX XXXX XXXX XXXX XXXX
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b) Module |AddressRange Addresses
Mo Oto32M - 1 00X X XXX XXXX XXXX XXXX XXXX XXXX
M1 32M to 64M - 1 01X X XXX XXXX XXXX XXXX XXXX XXXX
M, 64M to 96M - 1 10X X XXX XXXX XXXX XXXX XXXX XXXX
M3 96M to 128M - 1 11X X XXX XXXX XXXX XXXX XXXX XXXX
c) Module |AddressRange Addresses
Mo 0to4M - 1 0 00X X XXXX XXXX XXXX XXXX XXXX
M1 AM to 8M - 1 0 0LXX XX XX XXXX XXXX XXXX XXXX
M, 8BM to 12M - 1 0 ZOXX XXXX XXXX XXXX XXXX XXXX
M3 12M to 16M - 1 0 1IXX XXXX XXXX XXXX XXXX XXXX
M, 16M to 20M - 1 1 00X X XXXX XXXX XXXX XXXX XXXX
Ms 20M to 24M - 1 1 OLXX XXXX XX XX XXXX XXXX XXXX
Ms 24M to 28M - 1 1 LOXX XXXX XXXX XXXX XXXX XXXX
M- 28M to 32M - 1 1 LIXX XXXX XXXX XXXX XXXX XXXX
14. a) Module |AddressRange Addresses
Mo imod8=0(0E£i£64M - 1) [XX XXXX XXXX XXXX XXXX XXXX X000
M1 imod8=1(0E£i£64M - 1) XX XXXX XXXX XXXX XXXX XXXX X001
M, imod8=2(0E£i£64M - 1) [XX XXXX XXXX XXXX XXXX XXXX X010
M3 imod8=3(0L£i£64M - 1) [XX XXXX XXXX XXXX XXXX XXXX X011
M, imod8=4(0E£i£64M - 1) [XX XXXX XXXX XXXX XXXX XXXX X100
Ms imod8=5(0EL£i£64M - 1) [XX XXXX XXXX XXXX XXXX XXXX X101
Me imod8=6(0E£i£64M - 1) [XX XXXX XXXX XXXX XXXX XXXX X110
M- imod8=7(0EL£i£64M - 1) XX XXXX XXXX XXXX XXXX XXXX X111
b) Module |AddressRange Addresses
Mo imod4=0(0£i£128M - 1) XXX XXXX XXXX XXXX XXXX XXXX XX00
M1 imod4=1(0£i£128M - 1) XXX XXXX XXXX XXXX XXXX XXXX XX01
M, imod4=2(0£i£128M - 1) XXX XXXX XXXX XXXX XXXX XXXX XX10
M3 imod4=3(0£i£128M - 1) XXX XXXX XXXX XXXX XXXX XXXX XX11
c) Module |AddressRange Addresses
Mo imod8=0(0£i£32M - 1) [X XXXX XXXX XXXX XXXX XXXX X000
M3 imod8=1(0£i£32M - 1) [X XXXX XXXX XXXX XXXX XXXX X001
M, imod8=2(0£i £32M - 1) X XXXX XXXX XXXX XXXX XXXX X010
M3 imod8=3(0L£i£32M - 1) [X XXXX XXXX XXXX XXXX XXXX X011
M, imod8=4(0£i£32M - 1) [X XXXX XXXX XXXX XXXX XXXX X100
Ms imod8=5(0£i£32M - 1) [X XXXX XXXX XXXX XXXX XXXX X101
Ms imod8=6(0E£i£32M - 1) [X XXXX XXXX XXXX XXXX XXXX X110
M- imod8=7(0E£i£32M - 1) [X XXXX XXXX XXXX XXXX XXXX X111
15. Action |Result Cache0 [Cachel |Cache2 [Cache3 [Shared
POread [Read miss |1000:K; E 1000:K 4
P2 write |Write miss |1000:XX | 1000:K, M 1000:K 4
Plread [Read miss 1000:K, S |1000:K, S 1000:K;
PO write |Write miss |1000:K3 M [1000:XX | [1000:XX | 1000:K;
P3read |Read miss |1000:K; S 1000:K3 S |1000:K 3
P1 write |Write miss |1000:XX | |1000:K4 M 1000:XX | |1000:K 3
Plread [Read hit 1000:K4 M 1000:K 4
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16.

17.

18.

19.

20.

Action |Result CacheO |Cachel |Cache2 |Cache3 [Shared
P2 write [Write miss 1100:K; M 1100:K,
Plread [Read miss 1100:K; S [1100:K; S 1100:K,
P3 write |Write miss 1100:XX | [1100:XX | [1100:K, M |1100:K;
P2read [Read miss 1100:K, S [1100:K, S [1100:K,
POread [Read miss [1100:K, S 1100:K, S [1100:K, S [1100:K,
P1 write |Write miss [1100:XX | [1100:K3 M |1100:XX | [1100:XX | [1100:K,
P2 write |Write miss 1100:XX | [1100:K, M 1100:K3
Data dependencies: 1® 3(A);2® 3(D);2® 4(D)
Data anti-dependencies  3® 4 (A)
Data output dependencies: 1 ® 4 (A)
Data dependencies: 1® 2(A);2® 5(A); 3® 4 (D)
Data anti-dependencies 2® 4(B); 1® 6(C);2® 3(D);3® 6 (F)
Data output dependencies: 1 ® 2 (A)
Data dependencies: 1® 2(A);1® 3(A);2® 3(B);2® 4(B); 2® 7(B); 3® 5(C);
3® 7(C);4® 6(A);6® 8(A); 7® 8(E)
Data anti-dependencies 1® 2(B); 1® 3(C);2® 3(C);2® 4(A);2® 6(A); 3® 4(A);
3® 6(A);4® 5(D);5® 7(E);6® 8(F)
Data output dependencies: 1® 4 (A); 1® 6(A); 4® 6 (A);
i i k C
1.3 1.3 1 & 0 10
€ o0 20
1.3(1.3 2 @+0 0+0 1+20
€+2 0+1 2+0U
&@+4 2+4 0+0§
1.3(1.3 3 &@+2 0+1 3+0(
€+2 1+4 2+1U
&+2 6+0 0+4]
) ) ) & 1 3Uu
% 5 3U
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21. 1A= B+C b e
2. Al- A+D €
3.D1- C+E
4.B1- D1+F 0 d
5G- Al1+H
H
[« 68 e 1243 - 7
+ () o0 Al b0 F -]
/
{-r () H —J
22. ; 21: |3A++cA [,. 7 ¢ [2r4,2/2,3/2,5/2]
3.Cl- B1+A e
4.B2- CL+D [+ O 5
5.B3- B2+A

[+ () () (4]

[+ () D s/

[+ () ()

~
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