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Welcome to the revised version of the U.C. Berkeley Computer Science Preliminary Ezams Siudy Guide.
This guide is organized into four sections, each sold separately to make it easier for people to obtain only the
sections they need. The first three sections are for the three core exams {hardware, software, and theory).
Each one contains the ten most recent exams, arranged in ascending chronological erder, along with solutions
Tor seven of them. Also included is the most recent version of the exam syllabus, supplied by the faculty.
The fourth section contains the syllabi for the oral research area exams along with sample questions reported
by students.

The solutions provided are not official (although in a few cases they are the key provided by the faculty
members who wrote the exams). Most of the solutions are photocopies of high-scoring student answers.
Where possible, the answers photocopied are ones that received full credit, Keep in mind that these answers

are taken from unusually high scoring exams, and passing answers need not always be as thorough as those
provided here.

If you have questions about one of the exams or general questions about prelims, you can consult the EECS
Graduaie Information booklet, Kathryn Crabtree, or the faculty member in charge of prelims {currently Brian

fiarsky). Specific questions about the exams can be answered by your fellow students in the Prelim Review
sessions which the C5GSA organizes at the beginning of each semester,

Our thanks go to the anonymous students who agreed to contribute their solutions, to David Gedye, who
put together the first modern version of this guide, and to Joe Konstan and Steve Lucce, who kept the guide
up-to-date during their tesures as CSGSA Prelim Lialson Officers.

Marti Hearst (C5GSA Prelim Liaison Officer)
Kathryr Crabtree {CS Graduate Assistant and Prelims Coordinator)






13.2.3 Hiermrchies
Meno: 18-8; Hamochar: 8.8, 87
4271 Caches {direct mapping, set associative)
Mano: 126, Hemacher: 8.6
w242 Virtual memory (how? why?)
Hono: 185,187 Hamacher! arv
3.2 Input/Qutput |
Mano: 8,11; Hamazchar: £, 21,82
8.49.1 Devices {disks, terminals, ete.)
Hano: 11-1; Hemachar! §1,82
93,2 1/0 techniques (e.g.. sdventages/disadvantages)
Hano: 11210 11-8; Homaoacher: 8810 8.5
5421 Polling/interrupts
Meno: 1 1-5: Hemacher: 8.2 a4
7322 DMA/data channels
Hons: 13-4, 11-8; Hemacher! g21 88
23.23 Priorities
Hono: 11-8; Hamacher: 8.4.4 to B.4.8
n.9.24 Program controlled transfer
Meno;: 68,112,113 Hamocsher: 8.2

4 Machine Organization
Hano: 4, 8, 6, 7. 8, 11; Hamacher: 1, 23438
4.1 Block dingrams, interactions (busses, 1/0 organization)
Hone: 8,7, 11
4.2 Register transfer languages, =P
Mono. 4
421 Differences from programming languages

Huno: 41
4.2.2 Exampies (I5F)
Hano: 4; Sieudroek; 4.2.3
4.3 Instruction get design
MHano: 8,6 7: Homacher: 1.8 21t028 81t 35 4.1.6
4.8.1 0/1/2/% address designs
Mano: 74; Homacher: 1.3, 23 27 418
4.3.2 Addresying modes {immediate, indirect, absolute, ete.)
Meano: 53, 64, 74, "5 Homacher: 2.4, 2.5
4739 Basic operations (e.g., ADD, JUMF}
Moano: ¢-2to 4-7, &&, 81 wg me Homacher: 2.8
4.3.4 NWumber of registers (e D)
Mono: 48, *1, M Homacher: 2.1
405 Word size
Hung: &6; Homacher: 2.1
4,3.8 Data types
Mano: 3 Homacher: 21
4.4 Control design (microcode, bardwire)}
Hono: 4,58, Hamacher! 4Atc 4.5 &
4.4.1 Hardwired (udvmmaeafdindmtges)
Mano: -8 &3, 87 Hamachar: 4.3
4.4.2 Microcode .
Hona: 8 Hemacher: &
4.4.2.1 Advantages/disadvantages
Mono: &7 .
4.422 Minimal encoding/maximal encoding (horizoutal ve. vertical)
Munn: 88
4.4.2.3 Two-level control store
« Huno! BX
4.4.2.4 Instruction decoding /micro-sequencing  *
Mano: 81 io &
4.4.2.5 Ermualation .
Mern: 7 )
4.4.2.8 Writable control store
Heng: 87
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o M. Mano, Computer Systam Architscturs Prentice-Hall, 1882, ‘

« V. Harnacher, Z. Vranesic, 5. Zaky, Comnputer Organzation. MeGraw-Hill, 1878,
e D Siewiorek, ¢ Bell, A Newell, Computar Dtructures: Principles snd Bzamples, il
MeGraw-Hill, 1982. _ . _

o H Taub, Digital Circnits and Microprocsmmors. MeGraw-Hill, 2nd Edition, 1982,

1. Machina Arithmetic and Data Reprosentation
Mona: 1, 8 8, 10; Homazher: 7. A
1.1 Boolesn algebra (e.g., deMorgen's law)
Mana: 1=1 to 13 Hanacher: Ad A4
1.2 Integer representation {sigried magnitude, 1's complement, 2's somplament)
Mong: 81, 52 Homachar: 7.1
1.3 Floating point representation (2.g., exceas encoding, base)
MHono: 53, 54, Hemacher: 7,20
1.4 Machine arithmetio
Mono: 8,10; Homacher: 7.2810 7. 10
1.4.1 Integer arithmetic
Heno: 51 to §6, 10-1 to 10-8; Homachar: o0 78
1.4.1.1 Simple operations {e.g.. add, subtract, complement)
Haova: 5] to 83, 101, 102 .
1.4.12 Multiply/Divide (8.g.. Bootbe's, restoring /non-restoring)
Hono: 4, 85, 10-3
14.2 Floating point
Mano: j0-4; Hamacher: 7.10
1.4.2.1 Add, subtract, multiply, divide
Mano: j0-4 .
1.4.2.2 Normalization
Hoero: 10-4

2 Llogic Design
Mano: 1, £ Hamacher: A
2.1 logic gates and technologies {why NAND)
Hono: 141, B1; Hemacher: A1 A2 A4
2,2 Flipfops/registers (master/slave, adge trigger)
Hano: 1-8, &2 Hunacher: A81s A 10
21 Finite state machines
Mano: 16; Taub: 7.8
2.4 Prograsmmed logio arrays (FLAs ve, ROMs. Why each)
MHang: B-7: Homacher: A 12
2.4 Yesign technigues
Mano: 1, &2 1t0 28 Hemgeher: A D
251 Combinatorial (e.g., Karnaugh mapa)
Mana: 18 to 14, 83, Homacher: A2
2.5.2 Seguential {e.g., state minimization)
Mono: 1-5to 1-7, B2, &4, 25 Homacher: A3

8

3. Machine Components )
Mano: 2, 4, 5 7 11, 18 Hemacher: 1.3, 4.2, 8, a8 8
4.1 FProcsssor
Hano: 4.5, 7 Hamacher: 1.3, 4.2, 8
51.1 Microarchitecture (1/2/3 bus srchitectures)
Mans: 41,42, 71,%8; Homacher: 1.3
41,2 Arithmetic unity (carry look-shead, added vs. ALY}
Heno: *2 Hemocher: 4.8, 7.3
4.1.3 Shifters () bit, variable bit)
MHans: 72 .
3.2 Mernory
Hono: 2, 7, 12: Humnoacher: 8.2 160 8.7 002
a2 1 RAM/ROM (when used) -
Mano: 26, &7, 182 Homacher: 8.2 8.3
3.2.2 Organizations (physical organizations, interieaving)
Mana: *5 12 Homocher: 8.8 ' .
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HARDWARE PRELIM EXAM
Spring 1990

{General Instructions:

o The exam lasts 3 hours (180 minutes).
e The exam has 17 pages.
¢ Do all your work on these papers; use backsides if necessary.

e Calculators are not allowed.

Read the problem statements carefully, at least twice,

You should not need to ask guestions.

I something seems unclear, state your assumptions.
¢ The indicated points give you an idea how long & problem should take (minutes).

¢ There are 10 problems adding up to 180 points, Completing 160 points will be
regarded as a perfect score, though you can attempt to score higher.
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1. {10 points)
a.(4 points) Give the truth table for a single stage of a Full Binary Adder.

b.(3 points) Express the Sum function and Carry Out function into standard sum of
products form, and product of sums form.
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c.(3 points) Simplify and implement the single stage using NOR gates. Draw sketches.
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2. (20 points) A 3-stage Gray Code synchronous Counter counts as follows (0,1,3,2,6,7,5,4).

a.(4 points) Draw the state diagram for the Counter.

b.(10 points) Design the 3-stage Counter using D-FF's and NAND gates,
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c.{3 points) Test your implementation for the following two test inputs. Specifically,
check for the next states for the following current states 3 and 4, i.e. 011 and 100,

d.(3 points) Include a reset control signal i.e. the Counter can be set to the ‘0’ state
by an external conirolinput. Show only the siate transition diagram for this,
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3. (20 points) Design a circuit that reads in a positive 8 digit decimal number and
converts its into binary equivalent., Each decimal digit is represented in 4 bit Binary
coded decimal. The input number is read in one decimal digit at a time, starting
from the least significant end. You may use the following components: full adders
(these take two addend bits and a carry bit as inputs, and produce a carry bit and
a sum bit as outputs), and nand gates. Keep the number of components used small.
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4. (20 points) Design a circuit that will count the number of leading 0s in a N bit binary
mumber. Assume that the number is supplied in parallel. You may use the following
componenis: full adders (these take two addend bits and a carry bit as inputs, and
produce a carry bit and a sum bit as outputs), and nand gates. Keep the number of
components used small.
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5. (20 points) Consider a memory cnntmmng N words that is used to store objecis of
varying sizes as follows:

(a) The only allowable sizes are powers of 2, i.e. objects can be 1 word long, 2
words long, 4 words long and so on. The largest object could be N words long,
where N is the size of the memory.

(b) Each object is stored contiguously in memory.

(¢) Objects with size s are required to be aligned on an s word boundary, i.e. the
starting address must be a multiple of s.

[A] (8 points) What is the lower bound on the number of bits required to identify
objects stored in the memory? Note that the identifiers must all have the same
length and must uniquely define the length of the object and its starting address in
INEmOrYy.

[B] (12 points) Design a scherne for constructing the identifiers. Your scheme should
use as few bits as possible. Further, the starting address of the object and the length
must be easy to calculate given the object identifier.
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6. (20 points) A,B and C are three D Flip flops arranged as shown below.

lo |b e
=TT
i ) 7

CLOCYK i

P.,q,1,c are control signals. The operation of the system is as follows:

Condition | Action
p=1 The contents of ABC are right shified once,
=] The contents of ABC are left shified once.
r=} The contents of ABC are complemented.
c==] The contents of ABC are set o zero

&.(10 points) Express the inputs to FF's as a function of Control inputs and the FF
states,
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b.{4 points) Implement the right shifi function using NAND gates. Draw a sketch.

¢.(3 points) Test your implementation of all functions for the following input.

ABC =101

d.(3 points) What constraints do we have to place on the design and operation of
the system? Be brief.
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7. (20 poinis)

One technique thal tries to get the best of both the worlds of vertical and horizontal
microarchitectures is a two-level control store, as illustrated below. It tries to combine
small control-store size with wide instructions. To avoid confusion, the bottom level
uses the prefix nano-, yielding the terms ‘nancinstruction,’ ‘nanocode,’ and so forth.
This technique is used in the Burroughs D-machine, The idea is that the first level
has many vertical instructions that point to the few unique horizontal instructions
in the second level. The Burroughs D-machine was a general-purpose computer
offering writable control store. Iis microinstructions were 16 bits wide, with 12 of
those bits specifying a nanoaddress, and the nanoinstructions were 56 bits wide. One
instruction set interpreter used 1124 microinstructions and 123 nanoinstructions.

[A] (6 points) What is the general formule showing when a two-level control store
scheme like Burroughs D-machine uses fewer bits than a single-level control store?
Assume there are M microinstructions each a bits wide and N nancinstructions each
b bits wide.

[B] (4 points) Was the two-level control store of the D-machine successful in reducing
control-store size versus 2 single-level control store for the interpreter?
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{C] (4 points) After the code was optimized to improve cycles per instruction by 10
percent, the resulting code had 940 microinstructions and 161 nanoinstructions. Was
the two-level control store of the D-machine successful in reducng control-store size
versus a single-level control store for the optimized interpreter?

[D] (6 points) Did opiimization increase or decrease the toial number of bits needed
to specify control? Why would the number of mmmmstmctmns decrease and ihe
number of nanoinstructions increase?
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8. (5 points) In a load-store machine the only operations that can access memory are
loads and stores, while a memory-memory architecture can operate on operands
directly in memory. Data collected from running programs on the two styles of
machines revealed that 33 percent of the memory accesses were data references on
the load-store machine while 70 percent of the memory accesses were for data on
the memory-memory machine. What are two most bkely technical reasons for this
disparity? )
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9. (5 points) It is possible to use a unified cache for instructions and data, or alterne-
tively, we could use separate caches for each. List the advantages and the disadvan-
tages of each approach.
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10. (40 points) In this problem you will give a high level design of a processor that will
be able to execute vector operations. In particular the processor must be able to
execute the following two instructions:

Add N, VA, VB, VC

This instruction adds two vectors each of length N, stored consecutively starting at

address VA and address VB. The result is stored in N locations starting at address
V.

JGT LABEL

This causes » branch to address LABEL provided the zesult of the last addition
performed was positive. If the result was non positive, the branch is not taken.

[A] (15 points) Give a block diagram irnplementation of such a device, using MS]
components, e.g. registers, counters, latches, multiplexors, adders etc. You can
assume that the adder completes a single addition each cycle, and that the memory
can deliver a single word (data or instruction) each eycle. Use a straightforward
approach; no need to be fancy and show any of the details, e.g. you may use just
one block for a “control FSM”, and you don't need to show any gate level details.
Clearly list all the additional assumptions you make.
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[B] (15 points) Give an RTL description for each instruction.
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[C} (10 points) For the design above we assumed that memory could be accessed e
in a single cycle, whereas in reality, typical memory elements would be 5.10 times gl
slower, so that each memory access would have a latency of 5-10 cycles. To overcome ¢
this problem, and to otherwise improve the performance of the machine which of the
following feature or features would you incorporate? Briefly explain why, if at all,
each feature would be useful, and whether you expect it to be cost effective.

1. Multiport Memory.

2. Interleaved Memory.

3. Data Cache

"

4, Tnstruction Cache,



‘ 3] ®, 7
Hardware Prelim Exam - Spring 1990 j Page 2

1. (10 points)
n.(4 points) Give the truth table for a single stage of a Full Binary Adder.
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b.(3 points) Express the Sum function and Carry Out function into standard sum of
products form, and product of sums form.
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s ¢(3 points) Simplify and implement the single stage using NOR gates. Draw sketches.
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./ 2. {20 points) A 3-stage Gray Code synchronous Counter counts as follows (0,1,3,2,8,7,5,4).

a.(4 points) Draw the state diagram for the Counter.
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b.(10 points) Design the 3-stage Counter using D-FF’s and NAND gates. ’
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- . e.(3 points) Test your implementation for the following two test inputs, Specifically,
\ check for the next states for the following current states 3 and 4, i.e. 011 and 100,

gﬂ S, ga quT ‘Q

O AA AT
L v
o O s,
g, ! D
S, J 0

=D OAO =D OO0

3, 4.(3 points) Include a reset control signal i.e, the Counter can be set to the ‘0’ state
by an external control input. Show only the state transition diagram for this,
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. {20 points) Design n circuit that reads in s positive 8 digit decimal number and
converts its into binary equivalent. Each decimal digit is represented in 4 bit Binary
coded decimal. The input number is read in one decimal digit at a time, starting
from the least significant end. You may use the following components; full adders
(these take two addend bits and a carry bit as inputs, and produce a carry bit and
a sum bit as outputs), and nand gates. Keep the number of components used small.
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4. (20 points) Design a circuit that will count the number of leading Os in a N bit binary
number. Assume that the nurber is supplied in parallel. You may use the following
components: full adders (these take two addend bits and & carry bit as inputs, and
produce & carry bit and a sum bit as outputs), and nand gates. Keep the number of
components used small, RS oy
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5. {20 points) Consider a memory containing N words that is used to store objects of
varying sizes as follows:

{(a) The only allowable sizes are powers of 2, i.e. objects can be 1 word long, 2
( words long, 4 words long and s0 on. The largest object could be N words long,
where N is the size of the mexmory.
(b) Each object is stored contiguously in memory.

(¢) Objects with size s are required to be aligned on an s word boundary, i.e. the
starting address must be a multiple of 5.

[A] (8 points) What is the lower bound on the number of bits required to identify
objects stored in the memory? Note that the identifiers must all have the same
length and muﬁLuniquelyudeﬁnﬂhe—lmth_Qéﬂy)e object and its starting address in
memory {oesuwag N 15 o power of 2
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[B] (12 points) Design 8 scheme for constructing the identifiers. Your scheme should
use as {ew bits as possible. Further, the starting address of the object and the length
must be easy to calculate given the object identifier.
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6. (20 points) A,B and C are three D Flip flops arranged 85 shown below.

|2 |b |
P S [ [
¥ { A B | C
¢ I\
1 ¥ v v
Groe ' Assupwng possiole o Sor v co vnaien

hﬂ ovich Yrong ,;.\no m\f\ Q A=l (&H Q...w )
IW‘ a% s\ g ?ﬁj M } 3
p,q.1,¢ are control signals. The operation nf e sy em i¢ &s follows:

Condition | Action
p=1 The contents of ABC are right shifted once:
g=1 T'he contents of ABC are left shifted once.
r==1 The contents of ABC are complemented.
¢=1 "The contents of ABC are set to zero

GESAYE S\Y o s VRS

2.(10 points) Express the inputs to FF's as a function of Gontral inputs and the FF
states.
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so Mok mm\v} 'l' 3 \/\\g\r\ ok o Rosg A\‘:;c:a W nowna /
ave Migh, stode coroans vachanged. oy ¢ are

U wsed | svnce teavidents o AYLCY g enrvs *\n Yk G
cuvcent stmle of FF's,



) w 30

gardware Prelim Exam - .é'pn‘ng 1990 Page 10

b.(4 points) Implement the right shift function using NAND gates. Draw a sketch.

Oa-= pGe = '"""{j;‘)].ﬂ
. O < pQn - 5T

De -pQ0 =puy

¢.(3 points) Test your smplementation of all functions for the following input. .
ABC =101
=l Oaz | Pg=1 De=O =2 MOV
9= RNa=D Dg=\ Dp= - OV
rz| Qa=0 Dg=) Qc=0 - O\Ov’
c= 1 Da=0 Dy D0 = Q0OOQV

d.(3 points) What consiraints do we have to place on the design and operation of
the system? Be brief.
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SPRING 1990 PRELIM QUESTIONS AND ANSWERS: 7 - 9

7 [20 points] One lechnique that tries to get the best of both the worlds of vertical and horizontal microarchitectures
is 8 twe-level control store, as illusirated by the figure below, It tries to combine small control-store size with wide
instructions. To avoid confusion the bouom Jevel uses the prefix nano-, yielding the terms “nanoinstruction,”
“ganocode,” and so forth, This technique in the Burroughs D-machine. The idea is thal the first level has many
vertical instructions that point to the few unique horizontal instructions in the second level, The Burroughs D-
machine was & general-purpose computer offering writable control store. Its microinstructions were 16 bits wide,
with 12 of those bils specifying a panoaddress, and the nanoinstructions were 56 bits wide. One instruction set
interpreter used 1124 microinstructions and 123 nanoinstructions.

—_— =D

DD e -

& 6] What is the general formula shcwihna wo-level contol store scheme like Burroughs D-machine
uses fewer bits than a single-level conwrol store? Assume there are M microinstructions each a bits wide and N
nanoinsructions each b bits wide.

Let tbe the number of bits of ato specify the address of the nancinstruction. t must be
at teast [logs N1, ‘
Mxa+NxbYeMx{a—t +b)
or (Mxt+Nxb)<Mx b
or Nxb<Mx{b-t)
or Na<Mx (1~t/b)
or t<{M-NYMxb
[4 poinis for using t = a, unless say that assume does not include microinstruction PC bits]
[Get 1 points for 2 level portion correct, rest wrong]



7 eont'd

b. {4] Was the two-level control store of the D-machine successful in reducing control-store size versus a
single-level control store for the inlerpreter?
112416+ 123X 56 <1124 x (16 ~ 12 + 56) = 24872 <« 67440
Of 1124 x 12 + 123 x 56 « 1124 x 56 = 20376 « 62544
or 123 x 56 « 1124 x (56-12) = 20376 < 62944

So the answer is yes; two-level did reduce control store size.

{-1 for using 1124 x 56 vs. 1124 x 60 in top formula. Even if got equation wrong, it was
_clear from explanation of hardware that single level needed more than 56 bits. |

[-05 for using logy 123 vs. 12, Problem states size of nanvinstruction address.]

[2 points if serious flaw in one piece]

t. {4} After the code was optimized to improve cycles per instruction by 10%, the resulting code had %40
microinstructions and 161 nanoinstructions, Was the two-level control store of the D-machine successful in reducing
control-store size versus a single-level control siore for the optimized interpreter?

840 x 16 + 161 x 58 <940 x (16 ~ 12 + 56) = 24066 <« 56400
or 940 x 12 + 161 x 56 <« 940 x 56 = 20286 < 52640

So the answer is yes, once again two-level did reduce control store size.

{-1 point for using 940 x 56 vs. 940 x 60 in 1op formula. Even if got equarion wreng, it was clear
from explanation of hardware that single level needed more than 50 bits.] N
[-0.5 for using logs 161 vs. 12. Problem states size of naneinstruction address.]

d 16] Did opumization increase or decrease the total number of bits needed 10 specify control? Why would the
number of microinstructions decrease and the number of panpinstructions increase? }

[1] 24872 » 24056, so optimization decreased the number of bils to specily control.

[5] Optimization tries to reduce execution time per instruction, usually by executing
more operations in paraliel. Executing more operations in parallel reduces the sharing
of nanoinstructions since they are not as general, hence the increase in
nanoinstructions. The number of microinstructions decreased because more
operations per nanoinstruction means fewer microinstructions are needed 1o specify
the operation.

[-2 for not explaining why fewer micro.]



8 [5} In a load-store machine the only operations that can access memory are loads and stores, while a memory-
memory archilecture can operate on operands direcly in memory. Data collected from running programs on the two
styles machines revealed that 33% of the memory accesses were data references on the load-store machine while 70%
of the of the memory accesses were for data on the memory-memory machine. What are two most likely technical
reasons for this disparity?

+ Load-store computers executes more instructions than memory-memory
architectures, thus a larger percentage of memory references are instructions. {3}

- Load-store computers keep data in registers and reuses data in registers, thereby
having fewer memory accesses. [2]

9 {5) It is possible to use a unified cache for both instructions and data, or alternatively use, we could use separale
caches for each. List the advantages and disadvantages of each approach,

Unified Advantages:
Better cache utilization since no rigid dividing line between instructions and data

If built from off-the-shelf parts, unified cache may be lowest cost since can supply both
instructions and data from a single bank of RAM chips.

Simpler to implement: no check whether instruction or data before access goes to
cache §

No duplication: what it data and instructions aren’t distinct.
t ess time to build since only one cache

Split caches Advantages:
Twice the cache bandwidth: can fetch instructions and data simultaneousty

No cache misses due to conflicts between instructions and data {or poor data jocality
won't lower instruction miss rates)

Dedicate cache policies depending on instructions vs. data (g.g., no writing, block size,
cheaper data cache?) |

One large cache might be slower than two smalier ones {memery access time)
{2 points per item, needing 3 items for full credit}

[ Usaal problem with answer is listing an item without any indication why it was true. ¢.g., higher hit rate for split
caches without meniioning that insirections and data can't conflict.]
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(15 min)

(2) Prove the following algebraically:

a+ab=ga

ab+dc+bc=ab+8ec

(b) Prove or disprove the following:

Gc+Tb+betab+at=a+b+c

ash+at+ac=ac+bc+ac
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(c) Write in products of sums form:

Bb+Ed+e)

(d) Use deMorgan's theorem to take the complement of:

8+ be

{e} Write the following in sum of products form:

(a+i§)(§+cd)

Page 3
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[27]

What is the function performed by each of the following?

note:

Hi

A
’s >

A

Page 4

(10 min)
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31

(10 min.)

Complete the following conversions:

(ﬂ) (AIEF)M w (?)2

() (ALEF);5= ()

(©) (1110L110)y = (M6

(d (11101110); = (M

) (=239 = (7) in 8-bit signed 2’s complement

& (100)y = (7) in 8-bi signed 2's complement

(& (100110} in 2°s complement= (7,4

(h) Devise a gray code to represent the integers 0-7.
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(i3 min,}

Assume we have a computer with four 10 devices requesting service from the
CPU. Each device is assigned one of four separate priorities (Po—Py, Py the
highest) and & corresponding request line. A device signals an interrupt to the
CPU by esserting its vequest line, The CPU has only one iaterrupt input line,
but has two inputs which specify an interrupt priority,

Design the circuit, called a priority encoder, which will imterface the devices
to the CPU by determining which line is requesting service ar the highest prior-
ity and generating the proper CPU signals, Show the logic equations and gate
implementation.
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[5]

(20 min.)

Consider a word-addressable memory system with 1M 2%% words of main
storage and a cache consisting of 2048 words of data. The cache is organized
ns 128 lines (blocks) with each line holding 16 words of datz and one tag. The
CPU references the memory systern with 20-bit addresses,

For  a) afully-associative cache,

b) = direct-mapped cache,
€} an eight-way set associative cache,

(i) how many tag bits per line must be stored with each line in the cache?

{ii)  partiion the address from the CPU into fields and state how each field

e e 16 wonds tags

is to be used to access a word from the memory System,

/

64k lines

1
i
t
1
T
L]
o]

(23]
ittt
TEE
EE
i1t
11+

FERAEERAE
FERAEENLE
tEE
tEE
, 1t
"t
1"t
"t

- & %

128 lines
iM

words

3y
W
W

'

16 words

, Cache

Main Storage
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{a)

(b}

(c)
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[e]

(30 min.)

(2) From the following set of parts you are to design several versions of a circuit to
multiply two n-bit positive integers, A and B. Version 1 should multiply the
numbers using the minimal amount of time, and version 2 using the minimai
number of full-adder (FA) cells.

A and B are initially in two n-bit registers and the 2-n bit result should end up in a
register. You may assume the presence of clocks and control signals, but clearly

explain in words the function of your control signals.

Keep it simple!

e 3
ot 3t
-Q-——l—n
e ank
o
ot
=~

FA 1) =g FF | () -l reg. e
' v
3 C
full-adder and-gate B-flip flop parallel-load

shift register
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Version 1:

Version 2:
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(b) As we increase n, how does the size and speed of both versions of the multiplier
scale?
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(35 min.)

You are given the pipelined arithmetic processor shown on the next page. It
consists of a floating point multiplier, a floating point adder, with an input Bus

‘A’ and one output bus *Y'. Operands are stored in a DATA RAM which is
not dual ported.

An address unit is used to select operands. It consists of an address register file
with four index registers, RO— R3, which can be incremented or decremented.

Timing: a register load operation, and memory read and write take 1 elock
cycle. Floating point operations take 10 clock cycles.

In this problem you will use Register Transfer Language (RTL) to describe
how macro instructions would be implemented in horizontal micro code.

Example: Macro instruction SQUARE (RO); multiply contents of RAM at
location RO by itself.

Micro Instructions:;

RO -+ MAR,; get operand address

MDQ «+ MULD, MDO s MUL1;write operand simultaneously into
muitiplier smultiplicand reg,.

NOP

NOP

NOP

NOP + wait for multiply to complate

NOP

NOP

NOP

NOP

NOP

NOP

MULOUT — YTOMEM,; write into (RO).

Assume Horizontal Microcode -- Assume all data regs are initially O.
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ARITEMETIC UNIT
ABUS
-+ -+ & A
Y Y
1D wn{MULO] [MULT 42 —[ADDO] [ADDI Jw-1o
" -
\ \ / MEMORY
DATA OUT
o) [ YToA je-1p MDO i 1D
A
-
MULOUT [+-1D AmDE_GT]*w T
YTOMEM DATA
T ] RAM
Y BUS \ N
SMIN QUT
i
T ADDRESS
LD 4
MEM ADR REG
(MAR)
ADDRESS UNIT
R3
R2
Rl

RO
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(A} Give RTL description for the instruction
ADD (R0O).(R1),(R2) which performs (RO) + (R1) —» (R2)
The two operands are pointed to by RO and R} respectively, and
the result is stored in the Iocation pointed to be R2. Include com-
ments as appropriate. Use the answer sheet on the next page,

{B) Give RTL description for the “dor" product of ‘w‘l, vectors A and B
A = (8, 85,85, 8), E = (b, by, by, ..., b)), A-B=ab, +a,b,+
azhs + .. 8.b

RO points to vector A, R2 is location of result,
R1 points to vector B, R3 is the length of the vector,

Maximize throughput by keeping all adders and multipliers busy.,
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A)

Program Step Operation(s) Comments

0
1
2
3
4 | "
5
6
7
8
9

et | -
el =
e ——————

fory
b

—
[E)

p
-9

It
LA

o~
=8

[
~1

[
e

—
O
————

f o ]
L=
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B)

Program Step

Operation(s) Comments

o i~ on |l x| ] =D

Fupunll.
=
==

ot
fers

—
=

[y
Lad

[
Lo

[
h

o
2]

[y
~}

—
o0

Pk
o

[
=

i
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(5]

(15 min,)

In this problem you will design a synchronous 2 bit up/down binary counter
using rising edge triggered JK Type Flip Flops. The ouput of the counter must
be glitch free. The block diagram of the counter is;

s 1)L —
CLOCK, ™ Qo

(A} draw a state diagram for the counter, using notation shown to the right as an

example,
P s
wl. "*{ A
"""""" 4y /, %, L
- A A
el ™ e

o . R T
RO
1\"“-—“.:“”%*‘"
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(B} Fill in the next state table for the up/down counter.

PRESENT STATE INPUT | CONTROLS

t - } oo X O \ a
% o O Lo e W o
| ! ! < | T p o
\ S <0 G L0
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8(Cont)  Complete the schematic of the counter, using minimized logic.

™ KO e Kl
- Qf— — e
kmmapa {(for your convenience)
T N\4% Ko? 9%
\ ) - ‘\ % 1 ' : W ) \ \ ﬁﬂ \L
Up o up
I I A A A I
iyl ‘o . .
" B L o P
Iy 4% ‘ Ry AR
of 0§ £ 1, GO '
TG A o f AN Gy 6T | / o
'1_ \'_x‘.‘ 1
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=]

(5 min.)

Consider a logic device with 10002 source impedance driving a 100 pF capaci-
tive load. With no Joad, the driver swiiches betwean 0.0 and 5.0 volts DC.

E B
A
I 100 pf

Neglecting internal propagation delay through the inverter, complete the fol-
lowing sketch.

m—t F
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o]
(15 min.)

Below is a 4 bit shift register using a two phase clock, and level-sensitive (not
edge triggered) type D latches, The two clock phases are strictly non-
overlapping ideal rectangular clocks. The latches have a 20 ns maximum delay
from data-in to data-out. (Hold time from when the clock goes high is also 20
ns).

ot QL

{A) With no clock skew, what is the maximum frequency of operation? Give a
simple timing diagram to justify your answer.
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(B) Specify clock parameters for part A.
period?

honc

L}

?

ot ) wre]

(C) If §; can be skewed (~0ns, +30ns) with respect to ¢y, what is the maximum
frequency of operation? Give a simple tming diagram to justify your answer,
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[11]
(30 min.)
In this problem, you will be doing the high level design for a list processor,
‘The design is built around a 64K x 16 memory which contains s “list of lists”.
The internal organizadon is shown below:
A cell is composed of two 16 bit words, For the master }ist, the first element in
the cell points to a sublist, the second element points to the next cell in the
master list, For the sublist, the first element in the cell is a pointer to the next
cell, and the second element is a 16 bit word of data. A special pointer value of
*NIL’ is used to indicate the last entry in a list.
The third enmry of the second list is marked with an asterisk.
MASTER LIST
Subordinate Lists
1 2 3 4 5
MASTER LIST
) DATA )o DATA } DATA > DATA
> [DATA > |pata > | pata Nt | DATA
N S
L ]
e [PATA | 1 | % [paTa D[t [DATA]
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Operation of list processor:

POINTER <0, 15>
LisTH -l
<), 14>

ENTRY # st

- START  mrweeroesrenruaipn

LIST
PROCESSOR

L =0, 15>

il

= DATA

Page 25

st DATA READY

Pointer is address of root of list. LIST and ENTRY specify which entry of
which sublist to return. On START assertion, the List Processor begins to
search down the master and sublist. Once the appropriate data is found it is
sent out on DATA «<0..15> and DATA-READY is asserted. Assume that a
NIL will not be encountered before the desired entry is found.

DATA <(,.15>
-

ADDRESS <0, 15>
Y

64k x 16
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(A) Give a block diagram implementation of such a device, using MSI com-
ponents: registers, counters, flip flops, muldplexors, adders, comparators, etc.,
and a 64K x 16 RAM, Choose a straight-forward approach; no need to be
fancy or show any details, e.g., you may just show one block for a “control
FSM", and you don't need to show any gate level details.
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(B) SPECIFY operation of the list processor using RTL.
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(a) Prove the following algebraically:

-

a+ab=a

all+b)
a )

G. =&

ab+Hc+ be=ab+3ac
ob&Ee L (a+&IbC
6 (brbe) +& (¢ +5E)

b + 2.

(b) Prove or disprove the following:

fc+ib+bc+abtac=a+bc
f.»vwsl
R

ab+ aC+ e =ac+ be +ac

Page 2

(15 min)
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(c) 'Write in products of sums form:

-g‘m ab+c{d+e) = &b«-m-\-ﬁf‘.

Loom \’»M dl_,*—liu‘l’bk tlole

{=acribe +Gderade
'\Dj deMayams
&-mi = c;:;-%'aﬁl;c. +6d€1ade
= (& +E\>Cb+5)(ét+&+¢\(£+a+d>

(d) Use deMorgan’s theorem to take the complement of:

e = o (be) *:-E'xfcg-i-a)

() Write the following in sum of products form:

(a+g)('§+cd) e

oG, *&CA—VK-}: +1~:C_& =

ocds &L +’$§.¢L
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£z}

(10 min)
What is the function performed by each of the following?

note.

-3
il
\

NARD (A BY CR(A,BY
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- :
B e
A e
(AC+BD)E
B\ n\
A];)f-cb
® ® -
VAN T2
S7. -

T -

o
-—

AT EDs AED+ BEC
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2]
(30 tmin.)
Complete the following conversions:
@ ARy . =, = (lolo cool 1o Ui,
() (AIEF)= (g = O 207:57)55
©) (11101.110}, = (Mg = (ID L)ug,
@ (11101.110), = My = Cqu75)ac;
&) (-23)0 = (7)in 8-bit signed 2’s complemeny = 1110 JQO
(0 (100);0 = (7)in 8-bit signed 2’s complement = &//O OO

(g) (100110)in2's complement= (N = = &l

(h) Devise a gray code to represent the integers 0-7,

) f . B 4 &5 g 1
ooy ool O ] [0l (100 11O <I0
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[4]

{15 min.}

Assume we have a computer with four I/0 devices requesting service from the
CPU. Each device is assigned one of four separate priorities (Py—P;, P3 the
highest) and a corresponding request line. A device signals an interrupt to the
CPU by asserting its request line, The CPU has only one interrupt input line,
but has two inputs which specify an interrupt priority.

Design the circuit, called a priority encoder, which will interface the devices
to the CPU by determining which line is requesting service at the highest prior-
ity and generating the proper CPU signals. Show the logic equations and gate
implementation,

Encade (K, Vﬁ)«frw (00) 4> (/.') - refarﬂs-euf'
T f'ﬁ?,um‘fg o lines B R mﬁf;&d:'uﬂit/ :
Lime B i&);ﬂ {&+€AYUP'}¢ f%?L cPL.

-P-_;} Pa_?, ?91 yl %-J E '\(‘:%#’ﬁzﬂ
> e 0 O - = © v‘,_:,: %ﬁ“@ﬁ

V- Vol !
ol =~ 1o | Re= Patfor? + T,

O o O | o 0 '
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=3
(20 min.)
Consider a word-addressable memory systermn with 1M (2%%) words of main
storage and & cache consisting of 2048 words of data. The cache is organized
as 128 lines (blocks) with each line holding 16 words of data and on¢ tag. The
CPU references the memory system with 20-bit addresses.
For  a) afully-associative cache,
b) adirect-mapped cache,
¢) an eight-way set associative cache,
(i) how many tag bits per line must be stored with each line in the cache?
(ii}  partition the address from the CPU into fields and state how each field
js to be nsed to access a word from the memory system.
i e 16 wonds tags o
) =z fzzzzzzi o4
* {128 lines
_ IM :
64k lines
wonls
X
pvert ]
e s 16 words
~Cache
¥

Main Storage
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@ Ao (\tj "'iM?ch't\}f_ I "fgﬁ'bf'-}%

Lo Y

. 4 \ e | ‘
i “pos o line

®  diteck -mapped 9 By bris
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[&]

(30 min))

(a) From the following set of parts you are to design several versions of & circuit 1o
multiply two n-bit positive integers, A and B. Version 1 should multiply the
numbers using the minimal amount of time, and version 2 using the minimal
number of full-adder (FA) cells,

A and B are initially in two n-bit registers and the 2-n bit result should end upin a

register. You may assume the presence of clocks and control signals, but clearly
explain in words the function of your control signals.

Keep it simple!

e 4
g 54
4—-—-‘-{3
g ™
Lo
e
-3

FA D ot  FF jomssiee (oo reg. o
| ] v

§ C
full-adder and-gate D-flip flop parallel-load

shift register
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grad T i Ty

o ramm g P LR TR . . . . e emm i rmw e s et

e - You are given the pipelined arithmetic processor shown on the next page.- It -
jme— ez oo e - consists of a floating point multiplier, & floating point adder, with an input Bus - ;_ '7 e
2t *A% and one output bus *Y", Opmnds are staml in a DATA R.AM whlch IS
e notdua]portc& et

A,n addrcss unit is usr,d to select apﬁrands It cons&sts of an address Tegister | ﬁla -
with four index registers, RO R3, which can be incremented or dmn:enwd:“ i

H o wr a  -

AR e L 1

JTiming: e register load operation, and memory rcad and wnte take 1 cloclc .
cycle. I‘-‘loatmg pomt operations takt: 10 cloc:k cycles, AT CE

e o In this probh:m you will use Remstcr Tranafe:r I..anguage (RTL) to desc:nbc
how macro instructions would be implemented in horizontal micro code. ™ ~

Example: Macro instruction SQUARE (RO); multiply contents of RAM at
location RO by itself,

Micro Instructions:

RO -» MAR; get operand address

MBDO «» MULG, MDO —» MUL1;write operand simultaneously into
multiplier multiplicand reg.

NOP

NOP

NOP

NOP ; wait for multiply 10 complete

NOP

NOP

NOP

NOP

NOP

NOp

MULQUT - YTOMEM; write into (RO).

Assume Horizontal Microcode - Assume all data regs are initially O.

.
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It e e AR cuUNIT - -
R Tl -1 e e i

e ST o . -

L~

ADDRESS
4

E -

. MEN ADR REG]
MAR)A

ADDRESS UNIT
R
R2
R}
RO
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e B IR LT L o T YRRy T A B e g e P

+
ad o

RO TR T (A) Gwc RTL dt:scripuon for the instruction - o RO RETE

B oL . - ADD (R0),(R1),(R2) which pcrfom:s (RO) + (RI) 3 au) #:r.: Frmiiine
oo ““*"_f _‘"." - " The two operands are pointed to by RO and R1 mspcctively. and T

LI fff.'" o7 the result is stored in the location pointed to be R2, Include com=7>- -«
o o e s S ”““T":.:; ‘ments a8 appmpnatc. Us¢ the answer sheet of thc: next page._ jremrir

e s marn e s e wr-v-a---

_1" \-"M ‘hﬂ" “‘M‘«. "k”\'ﬂ.l“\ TMW""‘L A.“x

-\“"F"H'M

e il el 1 -u-ﬂﬂF' i uzk I Mﬂm‘\.

R S e

K = (a'll az'l 331

S

RO points 1o vector A, - R2 is locatiun of result, -

. “n)

u S ‘:“ ___M; ‘ | = R1 points vector B.Z7R3 s the lcngth of the vecm:r-. ‘ R
J +* | - M mﬂﬁr;‘;éhpﬁt Ey"k&pmg an addars and mulnplim busy ;;,, |
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‘Hardware Prelim Exam - Fall 1989

#.ﬂw.+ Jﬂ_;; B i (15mm.)

© In this problem you will design a s:mchmnnus 2 biz upfdow:a bmzuy counter
nsmg rising edge triggered JK Type Flip F‘lnps Thc oupui ?f the. coux}‘m: ﬂust .
_.,..be ghmh freé... The block dmgram of the counter js; ~- 1002 S

| (A) draw s stte dxagmm for the counmr, usmg 'natauﬂn ‘shown tr,: thc. nght as an
example. ,

[y
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- __ .- ,,._.qw -.y.“_...mw.m..'."“ .,_.,,.._w;(S mm ) —- |

Consider 2 lng:c device vnth 100£2 source impedance driving a 100 pF capaci-
nvr: laad Wuh no lnad. the dnver swztzhes bctwean 0 0 and 5.0 volts DC, == -

‘—r" le"T "r- . L ‘ :\-::l' EDF 2V e b TR DA ARG T V"Jh-v—ﬂ‘\r"m\ i L M'.. =

Nc:glc:cung inwma.! pmpaganon delay r.hmugh ﬂm inverter, cumpletc the: fol~ -
lowmg sketch. 3
- Coh v -
i
2 A / ‘! o " 100 ns
+sY
B
_ w
«_tm‘@m-.mmu l\ : ——
|
z

e ek ke B R

x Rcuwdwﬂ)(/wm{ r.zE
Rex 1o ¥ sec = lons
Lo 2
C@s(ke )



I ~ Below is 2 4 bit shift register umng a two phase clock, and Jevel-sensitive (nnt
| e i - edge wriggered) type D latches.- The”two ‘clock phases are smctly Bon- -,

- -wow:rlappmg ideal rectangular clocks.-The latches have 2 20 ns maximom delny ﬂ'
it from data-in to dam«nut. (Hald nme from when the clock goes hlgh 2 T

‘ . L B “““““
i vam e e ma e - - PR - - - i T A L
LT T T Nl T D _.Q D . Qb—p . Qs}—w0
o o G G G G
.m ”-‘ ’
ESL T ER AN |

{A) With no clock skew, what is the maximum ﬁtqucncy of operation? Give a
simple timing diagram to justify your answer.

8 - ~

2, - 1
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(B) Spcci.fy c!ack parmnctc:rs fm* pm A

T e

s h "':'"“'"..'" ‘\‘. ". ‘:'“ T H‘om -V"T—"'W"l

e i —— —_ ——— e

P T

(C) If ¢ can be skewed (~0ns, +30ns) with respect to ¢, what is the maximum
frequency of operation? Give a simple timing diagram to justify your answer,
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Tt “e Inthis pmblm, you will be doing the high level design for & it processor" -
e e A M*‘"“’"*‘*“f“ e ‘I‘ha design is bmlt armmd abdK x 16 memory. whwh cou:ams 'y "hst of hsts".“".;'f‘;,i,

’ ___:ha cell points to & sublist, the second damm points 1o the next cell in the - ..
wie oo Do o~ naster st For the sublist, the first element in the cell is'a poinu:r 10 the pext 7
S . cell,and the second element is a 16 bit word ot'data.. A spwial painwr value of .

ik ;_‘-.'“..;-_“.,,#,‘MI..‘isumdmmmcate the last mtrymalm. I e ':.‘.‘T“:_‘ _%-
= “The third cmry of the second list is markmd with an astmsk. ;

i- LT R T i e .'"\cv--""

L . - - |

|

|

Subordinate Lists

MASTER LIST -

PIR * o DAT

DATA DATA DATA DATA

DATA DATA

DATA

DATA DATA

"‘“\f"“'\f""“\a

ap |DATA

DATA | - .

N

i

Lo TR AN W

—

DATA

iy
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Opcranon of hst proce.ssm"

- C— e - . n A I el LT

DRI ' N e P PR uwm-.lr-r

e o
H-..-,n-“.?_‘ﬁ-"‘_n- mm ko et

_MM . LA —— mmmw

PRQCESSQR

RS

Pointer is address of root of list. LIST and ENTRY specify which entry of
which sublist to return, On START assertion, the List Processor begins to
search down the master and sublist. Once the appropriate data is found it is
sent out on DATA «<0..15> and DATA-READY is asserted. Assume that a
NIL will not be encountered before the desired entry is found. '

DATA <0..15>
il

64k % 16

ADDRESS  «<0.15> -

a
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(A) Gm & bioek diagram implemenmﬁnn of such & dmr:e:. using “MST &t

- “ponents: registers, counters, flip flops, multiplexors, adders, COMPArators, eic., 7 = -
and a 64K x 16 RAM. Choose a straight-forward approach; no need 1o be T
- _- fancy or show any dﬁtazls, e g you may just show one block fur a contml A e
e 3 FSM" and ycm don t nml to show  any gate level detmls -y ;

UP Cou TR, /a0 REss (7
E bty MAR
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University of California

HARDWARE PRELIM EXAM - FALL 1985

General Instructions:

The exam lasts 3 houres = 1B0 minutes.

Do a1l your work on these exam papers.{use back i1
Read the problem statements carefully. recessarv),
You should not need to ask questions.
1f something seems unclear, state your assumpiions.

The indicated points give you an idea how long a problem should take.
(about one minute per point.}

Your Code

1. ODraw the complete state diagram (al) states, all transitions) of the

following Mealy machine containing two different positive edge triggered
flip-flops.

Label the transition arrows with the input/output values in the following
style:

input/output of state AB for this input .
@State Next state
L*"”J:::>nwwmmm* ouT
i 3 O

U LSy

IN

Clock J (pos. edge triggered)

{15 points)
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2. Match each circuit below with the one sentence that best describes it.
Example: + 1. RS Jatch.
A :D\T~ID“' Match | 2. Clocked RS flipflop
; out @ 3. Clocked D f1ipfiop,
4, Clocked T flipflop,
5. Clocked JK flipflop
A B C 6. Exclusive OR,
| 7. Exclusiva - NOR.
3 h J: ji J 3 8. Serial shift register
K I k 1 K O 8. Parallel (shifﬁ register
CLOCLK ™ 5osTtive edgewtri;gerud fiip-fiops 10. Up countar, .
Ae — 11. Down counter,
o+ OM»\{J— ' 12, Ring o Moebius'(:ountar.
B ] E { O 13. Clock, '
14. €lock with ON/OFF input_

-
t 3

i

O

&

et o]

[ Zam et e

|

ED*

21,

Pulse shaper: outputs a single short
pulse in response to the rising
edge of an input,

. Pulse shaper: outputs a single short

pulse in response to the falling
edge of an input,

Ed?e detector: outptts a single shor
pulse in response to a change in
the input: (0 to 1) or {1 to 0).

. Device to detect and remember the

occyrrence of a single positive
input,

. Device to detect and remember the

occurrence of a single zero-going
input,

Debounced switch,

None af the above,

{20 points)
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Formal Problem Statement

Draw the complete state diagram for the following Moore machine:
A finite state machine accepts synchronously with the clock data on the
single-bit wide fnputs A, B. The machine has a single output that is
at logical 1 when the data on the two inputs has been the same (A=B)
for 3 or more consecutive clock cycles; otherwise it is at logical 0.
A
B

y
ey QUT

Llock Draw the complete state diégraﬁ.

{15 points)
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4. A network has 4 inputs R, 5, T, U and 4 outputs V, W, Y, 2. RSTU
represents a binary coded decimal digit, VW represents the quotient,
and YI the remainder when RSTU is divided by 3. First, realize the

netwark using
aj A '‘minimum' 2-level NOR-gate network (not counting inverters).

Verify your design by showing in your final circuit diagram the logical
values on all lines when the inputs represent digit "3",

(25 points)



4. {continued)
Now implement the same network as a NOR-NOR-PLA (not just 2 ROM) using the

grid below. Verify your design by showing on each signal Yine the lpgical
value when the input is the digit "8".

{15 points)




5. Ay, Ay and Ay are 3 clocked D flipflops which act as a register. The
register performs a specific operation depending upon the control signal
present at the beginning of a clock pulse. The schematic of the whole
register as well as the control signals and the corresponding function
are given below

I.n Iz Ty gp— INputs
Clock
LT:::::::ﬂ IMI |W! lll

& A Ay em—Qutputs

Assume exactly gng control signal is present at any time.

P

Control Signal S ‘Operation .t
CL ' ‘ - As, Az, As are reset to “0" (cleared)
RY . Contents of Ay, Az, A; are shifted right
oy one place end-around \
AR
L7 Contents of Ay, Az, Ay are shifted left
i one place end-around
5 cT The binary number A, A, A, 1s incremented
by 1 (count up)., mod-8. €.9.,
(111)+(001)ﬂ(000).

The absence of any control signal implies a LOAD.

(a}) Derive the combined f1fp-flop excitation {input) equation for
each flip-flop to perform the given operations. Simplify them
as mych as you can. '

(b) How can you prevent more than one control signal occurring
simultaneously? Show two non-triviaily different solutions
with a corresponding circuit,

{30 points)
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The most general form of an arithmetic instruction is
op 11,12,13,14

with 11 specifying the location in which to store the result of the
binary operation ?op) on the contents of the operand locations 12 and
13, and 14 specifying the location of the next instruction. The action
of the instruction is of this form:

11 « 12 op 13; goto 14
Computers are generally classified as being 0»,1+,2«, or 3J-address

machines. Your task is to assign values to 11, 12, 13, and 14 that
transforms this general form into the four styles of machines.

¢ addresses 11 12 13 14 :

Zero

one

two

three

Fil1 in the table either by using the following registers {or registers
plus or minus a constant)

PC {program counter)- contains the address of the current instruction
(PC + 1 15 the address of the next sequential instruction;

SP {stack pointer)- points to the top of the stack.
{This stack grows down, with 5P + 1 pointing deeper in the
stack and 5P - 1 pointing outside the stack.,)

ACC (accumulator)

or by using the operand addresses of your choice, such as Al, AZ, A3, ...,

Remember, your assignment of registers or addresses or both to this
matrix should transform the general form of the instruction into the
zern, one, two, or three address form.

(15 points}

011



7.

A hardware stack is to be used in an 18-bit small computer. The
hardware stack is to be implemented using an LSI building block
which functions as a G-position shift register:

Shift R 5{1] Shift L
R 1D L In
JENIR... o — 1 e
p e
L_Out R Out
Shift R asserted ¥ S[i] + i=5,...,1
sto]
R__Out -
Shift_L asserted # 5[]+ i=0,....,4
s{5]
L Out «+ $[0]

(A) How are stack overflow and stack underflow error conditions -

sensed by the stack control logic?
shift registers and comparison logic.)

(R} What modifications need to be made to the shift register
building block so that an executing program could “peer

{Hint: you may only use

L]

into the stack" without disturbing the top of the stack
{T05)? You may respecify only the ocutputs of the building block.

(C) Design the control Togic to the gate level to implement the

ability to "peer into the stack.”

{2% points)
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8. Consider a processor that dedicates a separate stack fn main
storage to service subroutines exclusively; another stack in
main storage is dedicated exclusively to servicing interrupts.

(A} Describe the control logic that would allow the interrupt stack
to build on the subroutine stack if the interrupt stack overflowed.
How would the processor know it was administering an interrupt
in the subroutine stack? How would it know when to leave the
subroutine stack because it had exhausted the interrupts that
had been nested there and return to the interrupt stack to unwind
interrupts nested there?

(B) 1Is {A) a realistic approach to handling a heavy interrupt load?
With the cost of commercial RAM sufficiently Tow, wouldn't it be
simpler 10 merely extend the area of main storage allocated to
the interrupt stack? Is there a reasonable maximum sfze to & .
hardware stack allocated exclusively to interrupts (i.e., how |
many words of main storage should be dedicated to the interrupt -
stack $?)§hat the probability of a stack overflow error occurring
15 =ma

We expect a brief essay-type answer for each part. It is not necessary
to give a gate level design.

{20 points)

013
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' Your Nuambey:
SPRING 1936 CS HARDWARE EXAM

Page 1

PROBLEM 1
(pages 1 ~ 3)

Construct a Mealy Model synchronows sequential machine that implements
a sexpence detector, as Epecified below:

1. The machine has one external input line, one extarnal output line,
and a clock input.

2, The machine is to detect all ooeurrences of the input secuence 0101
{i.e., the cutput signal is ] only if the last four irput signals were 0101)

3. The machine is to have a minimm no. of internal states,

4. hAssurne that the detector starts (arbitrarily) in ptate A,

Draw a state diagram for the sequence detector described above:




Your Namber:
PAGE 2

Complete the timing diagram below by drawing the output
waveform (transitions occur on the rising edge of the

clock probe) .

™
+
i
-
bt . m
1
L%
1
e dhese e | o
i
— T

i U

. .

: .

—

. = .

e i~

_:4 — .
FEETE - .
i T
1 E
I := n

-
T .
' -4 f

Construct an encoded transition table,show FF excitation tzbles,
! and draw the logic circuits required to implement the sequenco
detector, using J-X flip flops.

(You may continue your solution on Page 3)
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Your Naurber:

PALE 4

ME‘E
W”Q—-E)

An M-N flip floo works as fc;nms:

If MM = 00, the next state of the flip flop ie 0

It MM = 01, the next state of the £lip flop is the same as
the present state

If M «10, the next state of the flip flop is complemsnt of
the present state

If MR = 11, the next state of the flip flop is 1.

a) Complete the following table (use don't cares when possible)

Present State Bext State M N
0 o* :
0 0
; 0 1
1 0
1 1 |

b) Using the above table and Karmaugh maps, derive and minimize the
flip flop irput (excitation) equations for a eomter camposed of
3 MmN flipflops (Q,,0.,0, ) which counts in the following seguence:
0, 0,0y = 000,001,041,411, 101,100,000, ...

(Please ghow all work on Page S5)

017



Your Ruatber:
PAGE &

Problem 2

¢) How would you mske this counter lock-out free?
Givean‘awmmh* . ; S o

d) Test the correctress of your solution o pert b) for
the following transitions: .

001 to 011 and 000 to 001

018




PAGE 7

This question requires you lo complele & microprogram for the
computer described on the next 5 pages. The enswers must be copied inlo
the place provided on this page below. The description of the compuler
fncludes .

@ A intomplete microprogram,

® A descriplion of the microinstruction format,

o A finile stole machine,

® A block diegram, end

@ An fnstruction sel descriplion in @ herdweare description

language.

The stiached description is meant {o be complete, bul you mey need to
road olher sactions of the microprogram 1o determine how the machine
restly works.

There are 15 blanks that must be filled in: 3 stete numbers, B
microinstructions, end 4 comments that must be wrilten completely
{microinstruction B) or just finished {microinstruclions 16,19, and 20).
YOU MUST WRITE YOUR ANSWERS DN THIS PABE. The blanks 16 be
filied in are shown as , and the right hand column Yists the number
of bisnks per line.

State Micrue Microinstruction Cummen{ (A6 Blanks}
Addr.
13 . Loopif not ready m
Wlf"‘h’w“‘ E ) ) \ (3)
— Q , {2)
14— >0P=010BRN ()
2 18 . DECODEOP= e (2)
2 19 . DECODEOP = (2)
e 20 RTMBRAC ~0P=.STOR {2
13 25 . -0P=101L0AD (M

6 32 o AC<-ACEM: ()
+ HOTAL CORRECT: /15

019

Your Murber:
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HICRO ADDRESS

PAGE 8§

MICRO INSTRUCTION

RT ,MAR,PC
R’I‘ PCﬂ .

JME .6
L—“ "‘T maﬂz»..

LoRT ,PL,MBER
JMPIERQ

”“'TEST MBR 14: 7.
""’TEST .MBR<13> 7.
3.

RT,Haﬁ:Ac

RT .M, K :
TEST,READY 0
JIPZERD

GP PASS, MBR
JHPZERD
CTEST, MIP<12>,5

L-’J. ' B
RY .FTB

TE5T, ﬁé iv.0
op ,Mm MBR
JMPZERD

Your Murher:

026 -

COMMENT

WAR « PC
PC « PC+1
MBR « M[MAR]
LOOP IF NOT READY
MAR « MBR

OECODE OPCODE
IJECOD; -ogmoxx

C e el

—y

»UPe(0Y : ASHR

'DECODE:OP=DIX

+0P=010:BRN

~0P B17:dMP

unx“"‘ﬁc
LOOP UNTIL READY

+0Pe10T:L0AD -
LOOP UNTIL READY
A+ ¥

DECODL: 0P=11X
+0P=110: AU

LOOP UNTIL READY
AC - AC A M

~0r=111:ADD
LOOP UNTIL READY
AC « AC + M



TOMT  NUMDRY $ -

PAE 9

MICRO-INSTRUCTION FORMAT FOR -
FOR VERY VERTICAL MICROPROGRAMMING

format | microoparations
T 1T 3 3
11 0{DES S0R wPL =« uPC + 1
0 PC 0: PC
¥ MAR 1: MAR '
2: MBR  2: MBR DES + SOR
&M 3 M ‘
4: AC 4: AC o
6: PC+1 PC + PCHY
7: PCO PC+0
T 1 3 3 ,
op Y § Y OPR REG WPL « pPC + 1
0: PASS  0: PC
S < 31 AND 1: MAR .
R ADD g: ;’:BR : AC « AC (OPR) REG
a: AC o
&: Comp AC « KT
7: ASHR AC « AC/2
P 13 4 - | _ -
TEST o] 91 | anos MRS = 25 complenent number
’ + vy ™
0: IMPZERD | ¥PC « 0
1: I, JADRS uPC + wPC + JADRS
2: TEST MBR<]5>
I HAC
: Reld»
. * : 1f TEST 2rue
B: TRTABAIZ - then LPCoyPCHIADRS
7: TEST, (AC<0) else pPLuPC+)

.

021
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PACE 11

| epipLe epniCH LEYEL DESBCRIPTION DF Hn~2 COMPUTER®

pys
gggpursx

/ECISTERS MARCI110>, MBRCISIOD, PCCI110>,
ACCI5:0>, HIOC4095)1C)5:0;

BANITY}

BACADS: COMP 1= O “OPERATION CODE ASSIGMHENT™
SHR tx %)
BRN 3T 27
JUNP t® 37
HGTOR sz 43
LOAD t= 53
AND = 6}
ADD & 7
X 3T MBRC1Y10>»; LEFFECTIVE ADDRESS®
INST % MBReAdz12)} *CURRENT DP CODE®
EHD BACROS. .
FETCH: ®INSTRUCTION FETCH PROCEDURE™
BAR €= PL, PC <= PL + 33
NEXT
HBR €= M{MAK]}
ExD FEICH,
EXECUTE: FINSTRUCTION EXECUTION PROCEDURE®
(INST = COMP) g AC <= AC*:
(I45T ® SHR) B> AC <= ACCILDBACCINILIN;
{INST = BRN)IS(ALCO) 8> PC <« X;
(INST &= JUurP) ®» PC €= X;
(INST & STOR) B> MIX) <+ AL:
(INST B LOAD) =>» AC <= M[X):
{INST = AND) EY AC <« AL & BiX]:
CINST = ADD) 2y AL <= AC + BIX):
END EXECUTE.

BANITY ®> PC 4= 0)
BANITY® &> FETCH NEXY EXECUTE:
END.®

Your Muarbey:

023



YOUr Number:

PAGE 12
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PAGE 13

PROBLEM 4
(pages 13-19)

: a) (3 points), A processor-pensory cache econsists of a tag store
ard data store, Each entry in the tag store pontains several
r pieces of information. Complete the table below by entering )

X, ¥, and 2 pieces of information generally contained in gCtag”

b store entry and entering in A, B, C. D, B, F whether the
i corresponding piece of information is RWWAYS, ECMETIMES or MNEVER ‘
' present in the cache specified. Hint: one of the entries A,B,0, must be Never.
B one of the entries D,E,F must be Never.
L !
!
e g piece of Information Fresent in Write- Present in Direct
_ - . »l
!
{x) o () i {0 :
l ':
) (B) | €) 1
!
(2) L) : (r)

= v (7 pmi{m)_. A cache has the follewing characteristics: 32 XB,
dvmy & Line size (i.e., block size) of

asscciative,physical cache,

16 bytes. We wish to use this cache in a 16 MR paged virtual memory

architecture that has 1 M§ of physical’ memory. A THL (Translation
3 ook aside Buffer) is to be provided. (I1f you speak LEC rprminoley

i rather than IRM terminalogy, & TB is to be provided).

/

= ?*Mtismnﬁnm:mvirtmlmmxymge pize recessary o allow
:m;essihgtmmwtmtagﬁmmth&wmmrwmmdm to be dore

A LTS ty? Answer: -




Your MNunber:

PAGE 15

PROBLEM 5
page

Consider a IMA dovice controller that ¢an move an arbitrary
length byte string to or from main memory in a single command.

Suppose addressing of main memory by the CPU is done through
a corventional page table. (Thereby a corventional virtnal
memory is supported). Discuss the tradeoffs interent in
the decision of whether the IMA device will move byte strings
atgdr or fram specific real addresses or specific virtual

eEEes




Your Number:

PAGE 16

FROBLEM, 6
(pages 16-25)

' Problem 46 (20 points)

You are to design 2 computer. It is:

&} a very simple, Von Newmann machine

b) fully synchronous, with single cycle Ty

e} 12 bits per word

d) to ke constructed of ONLY NAND gates, of
arbitrary fan-in and Tan—out.

You are fo describe your design  'topdown'.
The corplete instruction set is:

Instroction Format Semantics
LY [T -2 B
Load A sl A | A - MIA]
Store A L | M [A] & AC
Add A | Iﬁi A ! A e AD 4+ MIA]
EKZ SR & ¥ 1f (A0=0) then skip next inst.

Hote: Put all your answers gnly in the spaces provided.
Be neat!

027
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A. Describe the computer in I8P

Your Number

,”‘ L
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Your Ruaber:

PAGE 18

B. Draw & register diagrom of the computer:

029



Your Number:

PAGE 19

C. Draw a state diagram of the camuter:

030



Your Namber:

FAGE 20

. nrwacimutmfﬂmmuoftmmut&r:

i) AlU in terms of 'bit-slices':

ii) Truth Table of & ore-bit ALD glice:

031
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iii) Karnaugh Map of a are-bit ALU Slice:

032
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PACGE 22

iv) NAND GATE (only) circuit of ALD Bit Slice:

033



Your Rumber:

PAGE 23

E. Given your state diagram and register diagram, show a
lete cireuit diagram of your control unit, Yom
must identify and design all aspects of the control
including the identification of the control register _
and its implementation in NAND gates. Carefully organize
your work and employ and show all truth tables, Kmaps,;
eto. as needed, Be organized and neat!

ey s ———— .

i) Label all the inputs and output to your control wnit:

Cm}tml to

Cantrol
Inputs Points
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ii)

Caontrol Unit Register Diagram

035




PAGE 25

i1i) Control Unit Truth Table

03




Hardware Core Exam: Fall 1986

037



Universtty of Callfomia
HARDWARE PRELIM EXAM
Falt 1964
Your ¢code numbie

{eneral Instructions:

The exam lasts 3 hours = 180 minutes.

Do all your work on these exam papers.

Read the problem statements carefully.

If something seems unclear, state your assumptions; you should not need to ask questions.
The indicated points give you an idea how long a problem should take (minutes).

1. Draw the complete state diagram of the following Mealy machine comprising a D-flip flop
and a Toggle flip flop.

Label the transition arrows with the input/output values in the following style (see also
problem 4 for an example):

input / output_for_this_input (15p)

" State St Next state

033
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A{Mmréjhmdﬁne has six flip flops, four input pins and nine observable signal

outputs. Consider the complete state diagram of this machine and fill in the
proper numbers below: -

af yéu want to indicate that the correct wwer should be "exactly xx", fill in
"xx" in the MIN field and in the MAX field.)

S op)

Tt el 0o MIN | MAX

The number of states of this machine:

The number of transition arrows starting from
any particular state (counting multiple }
coinciding arrows with proper multiplicity):

- The number of transition arrows ending
up in a particular state:

The number of different value patterns | \.
displayed on the output pins: }

039



3 M
r £

Page

atch each cireuit below with the one sentence that best describes it t13p)

...} poi. edgedtriggered flp flope

DD D

ouUT

pok. sdge-irigpered fllp flope

- Device o DETECT and REMEMBER the ocourrence

of a single input pulse.

. Up counter

. Down counter .

. Eéﬁai .‘ﬂ'uf“t register

. Parallel shift register

- PULSE SHAPER: Outputs a single short pulse in

response to the rising edge of an input pulse,

- PULSE SHAPER: Outputs a single short pulse in

response to the falling edge of an input pulse.

- EDCE DETECTOR: Outputs a single short pulse

in response to & change in the output (0 to L or
(1 0 0).

+ Debounced switch

» Exclusive - NOR

« Clock or Oscillator

. Clock with ONJOFF switch

+ Ring counter

« Twisted {(Moebius) Ring Counter
. None of the above

040




page 4
4. Given the following reduced FSM,

(a) Select a good state encoding (include a brief description
of your rationale!) (10)

041
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(b) Develop the Boolean equations for the next state and output, .
assuming the state register is implemented with D flipflops. g &)

{c) Program the following PLA template to implement the controller:

®

Q1

0*

C

24

Q

y2*

D2

D1

0o

write down the min-

¢y terms realized by each

row

042



5.

page 6

Design a docked sequential network that outputs Z = 1 for every input sequence
ending in 0010 or 100,

eg., X = 110010010100101
Z = 000101101001010

Draw 2 MINIMUM state state diagram for this recognizer assurning
you are implementing it as s MEALY MACHINE. 'You may also assume

(15 pts).

that the inputs change with the clock'edge.

043




page 7
Two two-way streets meet at an intersection which is controlled by a traffic
light. In the east, west, and south directions, the traffic lights are

conventionally red, yellow, and green, but the lights facing north are
augmented with green and yellow left turn arrows that may be OFF or

fluminated,

NW Ashby SW

=N College

You may asstume:

(1) You have as many programmable timers as you need.
These can be loaded with a time constant and assert their
output when they count down to zero.

(2) The north facing lights cycle red (60 seconds) - green
arrow (20 seconds) - yellow arrow (10 seconds) - green
{45 seconds) - yellow (15 seconds) - red (50 seconds).

Draw the state diagram, and explicitly list all inputs and output
control signals needed for the complete traffic light system.

(25 pts).
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7. Consider the following specification of a very simple CPU:

Memory Interface:

gﬁf ADDRESS o MEMORY
R READ e
WRITE 14 :
CPU gl 2~ bylébits
» WAIT
Y
DATA
% . ] B

Memory will assert WAIT immediately after the CPL! has
asserted READ or WRITE. Data will be valid on a READ or
can be removed on a WRITE only after the WATT signal is
no longer asserted by the memory.

Instruction Format:

1514 13 0
OP ADDRESS
00 LOAD <ADDRESS> AC := MEM[<ADDR>)
01 STORE <ADDRESS> MEM{<ADDR>] 1 AC
10 ADD <ADDRESS» AC := AC + MEM[<ADDR>]

11 BRANCH NEGATIVE <ADDRESS> IFACCiS> =1
THEN PC 1= <ADDR>

Register Diagram:
A-BUS




page 10

The basic instruction sequencing is instruction fetch, instruction
decode, and instruction execution.

List the necessary register transfer microoperations required
within the datapath to implement the specified instruction set.
S (20 pts).

046
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8.  Given the following state diagram:

reset/ o

Implement this controller using a hybrid jump counter approach.

A jump counter implements the state register with a counter that

can (i} count up, (ii) be loaded from a ROM, or (iii) be reset. You

may assume that LOAD/CLEAR is synchronous to the clock and takes
priority over the count signal.

Show the contents of your ROM and how you have wired up the

COUNT, LOAD, and CLEAR signals on the diagram on the next page.
Also show how the output signals A, B, and C are generated. (15 pts).

047
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{fill in ROM contents)

i Excternal

7

g Inputs

ROM

count

/4

TATE

COUNTER]

load 8l

clear

¥

Lclear

{0
| 1
-2
= K
! 5
~|6
~p{7
|8

load

0

—gp11
- 2
—&13
5
i 6
= Vi
it 8

jcount

:

i
il 1

0 |t
1|
2 [
3 |

DEC 4 fpr

wiply MUXLgp g MUXLp g MUXipe

~ 4 2
~13
-85
g 6
— 7
w~ipy 8

5 &
6l
7 i
8 jtor
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The clock cycle (i.e., the micocycle) of a CPU datapath is usually
constrained by the delays incurred in one of three critical paths.
Your job in this problem is to identify (for each path) the critical
sequence of events that must occur within one cycle. Also, for each
path, discuss one element in"the path with respect to minimizing
its effect on the cydle time.

Path 1. (HINT: Use of virtual memory is often a factor) (5)

Path 2. (HINT: The size of the 5&at¢}ipad régisief fleis a factor) (5)

Path 3. (HINT: If the machine has few instructions, this is NOT a factor) (5)

049
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page 14

Draw a ‘register-level” diagram of a cache memory system to
support a high speed CPU. Show sufficient details so that it can
be seen how each feature specified below can operate. You may -
assume that your components are random access static mernories
modules, bus multiplexors, tri-state bus drivers, ALUs, registers,
and ordinary logic gates and flip-flops. Show explidtly the
number of bits used in each block and justify your choice. (30 pts).

FEATURE/PARAMETER SPECIFICATION:

- Two-way set associative

—~ Write back

«~ FIFO replacement

- Two words/line

- 4K total words of data in the cache

- 16 bits/word

-~ 16 bit address bus (64K address space)

050



FALL 1986 { 6‘7/
CORE HARDWARE EXAM {0
PR 1T -m‘

7"':

The exam lasts 3 howurs = 180 minutes.

Do all your work on these exam papers.

Read the problem statements carefully.

¥ something seems unclear, state your assumptions; you should not need to ask questions.
‘The indicated points give you an idea how long a problem should take (minutes).

1. Draw the complete state diagram of the following Mealy machine comprising a D-flip flop
and a Toggle flip flop.
Labe! the transition arrows with the input/output values in the following style (see also
problem 4 for an example):

input / output_for_this_tnput (15p) ¢

CLOCK e
r D= 'E.SB

icz‘: Re [Da T x M'T/"‘ Tas Qy

0r/217 & 7 P[90: xg

et jo ot |40 A

r6o6 1o t 1 o O;

ia" | /) IO

ty 1 e e 0 i
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L ) 7

Page2

A Moore machine has six ﬂxF flops, four input pins and nine observable signal
qutputs. Consider the complete state diagram of this machine and fill in the

proper numbers below:

(If you want to indicate that the correct answer should be "exactly x<7, fill in
o in the MIN field and in the MAX field.) S (1op) 20

MIN | MAX

The number of states of this machine: - 2,&
J
The number of transition arrows starting from
any particular state (counting multiple 4 4
coinciding arrows with proper multiplicity): 2 2
¢ L
The number of transition arrows ending
up in a particular state: 0 '25" 2"

The number of different value patierns l 2
displayed on the output pins:

052



pos. edge-trigaered flip flops |

3

- Device o DETECT and REMEMBER the occurrence
of a single input pulse.

« Up counter

. Pown counter
- Serial shift register
. Parallel ghift register

6. PULSE SHAPER: Outputs a single short pulse in
response to the rising edge of an input pulse,

7. PULSE SHAPER: Qutputs a single short pulse in
response to the falling edge of an input pulss.

8. EGE DETECTOR: Qutputs a single short pulse
in response to a change in the output (0o 1) or
{10

sa— L0 Debounced switch
’ 10, Exchusive - NOR
é“- Clock or Oscillator

2. Clock with ON/OFF switch

5. Ring counter

4. Twisted (Moebiug) Ring Connter

5, None of the above

053 | F;Vm /O { {S_
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pageé
4. Given the following reduced FSM, :

{a) Select a good state encoding (indude a brief descriptioy Qu

of your rationale ‘ G\ e
T gS t aduT tucmlmﬁ 'y A\ s
ATAIBlojojo 00 . B ooy
EjCiDlafofo o (R A
C Dloio]o 1 I 1
PIE(DIOlI]1 0| | L
E{A]D|o]||1 00 mt A Qgﬂz
| .02, ‘ A m;

£ gtotes = ?,Bi'h:é . C= 0lo
Wb 4 bt to distinquis .
O P IR gty

eutpute {6,
fmme S»&?uks e ceme -:;'J.L{-&) 41
(2) New 4ey te wmake states that ave

codneded by transitibus d{%;
lay 'ﬂmllf dmt)r L:N"t', ‘/

oy C¥p) +O—@

Vs \late (3.) w--*'t‘p.g_\’i JLQ{:‘W LF? +W‘P
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&; page 5
(b} Develop the Boolean equations for the next state and output, oo
assuming the state regista;é‘s implemented with D flipflops. &
ne
D, DD, = shie
@
Dz ﬂb'?tbu is ‘po | y r
Tow 200 G 0= IR0 R ol O\ X
AL "? X1 b=T +
il o VT o =
0lo] - Q.2 s
. @\ Ge -'
el '@ X ﬂu'r &+
1%, 0 T I EIE-IEY
0101 X 1% bi*xQ'LQth 0| b2 ouT= T6)
A ANiES 2
" jf) 010 X
REER
{(c) Program the following PLA template to implement the controlier:
(5)
AND oR.

Q%%'m,
L3550,

: %

G
IR
L& »
§ | write down the min-
e D1 Do 'O terms realized by each
Tow

20
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¢ J ? page 6

Design a dlocked sequential network that outputs Z » 1 for every input sequence
ending in 0010 or 100,

eg. X = 110010010100101
Z = 000101101001010

Draw a MINIMUM state state diagram for this recognizer assuming

you are implementing it as a MEALY MACHINE. You may also assuwmne

that the inputs chmgeim& ecgock edge. ‘ 20
comuni] 3" g Psl Y (15 pts).

O oolo

056 ] g
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Two two-way streets meet at an intersection which is controlled by a traffic
light. In the east, west, and south directions, the traffic lights are
conventionally red, yellow, and green, but the lights facing north ure

augmented with green and yellow left turn arrows that may be OFF or
fHluminated.

NE

@~ N  College

NwW | Ashby SW

You may assume:

(1) You have as many prﬁgrmmable timers as you need.
These can be loaded with a time constant and assert their

output when they count down to zero. N 8 ,ﬁ‘\: Yﬁié’

i
(2) The north facing lights cycle red (60 seconds) - green
arrow (20 seconds) - yellow arrow (10 seconds) - green
{45 seconds) - yellow (15 seconds) - red (60 seconds).

Draw the state diagram, and explicitly list all inputs and output
control signals needed for the complete traffic light system.

N A YA @& ¥ 15

=) a £y .
c ‘} 'b ““'z"*ﬂ i ‘! ?g ‘%'3‘_', : (25 pts)
EMW L&Y N i

BT A b

i.iem-\&% ﬁqw d(\rfc’{’tbn
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fe colors of the N, s, wd £w lghts.

bt | tiue ‘
(RR,e) 45
(RR,Y] 18 o
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(Vﬂ) R,E 1o ” u:," lﬁ) ‘2_0’ A.ﬂdl 45 ‘HMETS,,

5 | &,6,®| 45 \o |
/\ 0, %) 15 ga»“*:g_g__.gg (O-eyp  (erpived)

e o
Bevd WAt h iy Z0-e
45-axp= 4z *-ETF
Outputs NR kerth red

NG
N Yk Start~ (O
NE& Start- 15
NY Start 420

SR Hart-4S
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7.  Consider the following specification of a very simple CPU:

Memory Interface:

CPU

M| | ADDRESS

g
WRITE ___a
WAIT

o - DaTA —_u

E | L

MEMORY

2 by 16 bits

Memory will assert WAIT immediately after the CPU has
asserted READ or WRITE. Data will be valid on a READ or

can be removed on a WRITE only after the WAIT signalis. .. -
no longer asserted by the memory.

Instruction Format:

00
01
10
11

OF ADDRESS
LOAD <ADDRESS» AC = MEM{<ADDR>]
STORE <ADDRESS>» MEM{<ADDR>] 1= AC
ADD <ADDRESS> AC = AC + MEM{<ADDR>}

BRANCH NEGATIVE <ADDRESS> IF AC<15>=1

Register Diagram:

i

THEN PC = <ADDR>
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- ‘) 7 pageto

The basic instruction sequencing is instruction fetch, instruction
decode, and instruction execution. v

List the necessary register transfer microoperations required

within the datapath to implemmt the spec:ﬁed imtrucﬂm set. " of
. ‘ | ; (20 pts).
Feteh . PC» Abus U/ ‘
#\Lwﬂ al Mﬁﬁ
2. MAR ~ Addreey L“
tne PG
Mew re

Data bug «p MBE
~ vgraln (n(2) wrt/l WALT = &
Mg 3. MR -% R - im:) ‘
- brﬂg‘\ “a weut ﬁlﬂ*ﬂ. bm‘ti o MBR{&‘!’ ““>

LoAD 4. JRLUBO>-m MAR (A-bus)
£, ﬁﬁﬁ’-—-b Aa’t’rrm&/ﬁ
- Memread
© Date bus —> MBE
e enma’n w (E) u.n'f:“:l W\‘ch“ﬁ

. MBR=® ALUE  (mbus)
o PASS~B

ALu=-» AcC \“/ﬂ?-huﬁ
J“’MP 'tﬁ,i

SRRE 7. ZR&rmod - MAR (Abus)

AL ALK-A

Pass A

ALY == Mg (ﬁ'éu)
‘ 8. MEE ~» {H’i!'l[& Aﬂ!

AL = pddr bus
Mem Wr*nfe

rummn. in &) m-{-.f WA =8
| | e 4
AR 9. x{em, o> = MAR (A bus)
/0, Mm - Jq,;d.- busg
!‘ﬂf‘fﬂ

Deta bus ~» MER o
OVEQ ""‘l’:’r;-én " 'ﬂqﬁ)uugp( WA e 20 '

( /1. > gL ALUBBOAC
m—— = " iiuﬁ\ﬂkéf ’4 . JumP te f, '



' <

Bfa.mk -
iz, £ Acisd> =0 then junp 1.
F ACIS> = 1 Hem Surpte 13,
2. IR 1250 2 P, (Abus)
Jumfb ltp iﬁ '
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8.  Given the following state diagram: -

Implement this controller using a hybrid jump counter approach.

A jump counter implements the state register with a counter that

can, (i) count up, (i} be loaded from a ROM, or (iii) be reset. You

may assume that LOAD/CLEAR is synchronous to the clock and takes
priority over the count signal.

Show the contents of your ROM and how you have wired up the
COUNT, LOAD, and CLEAR signals on the diagram on the next page. 2@
Also show how the output signals A, B, and C are generated. (15 pts).
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? Page 12

Ro
Hate ‘m:%wf ¢ 2
o] eoal ojot (<)
(.‘7} ©ol 0: 00 (d) (fill in ROM contents)
@ teolowr @ -
€} tio] o0 @) >i—
ROM
clher's oee
davd cave
count
\ load
- clear
/wa&
W e W -0 0 -
12 Q-2 O —i2
Q ~#3 O i3 -y
O ~»ls MUXLp X—ply MUXLp @ -plg >
Y,"‘"”'S UM Ol 5 V/luad Qw5 | ? gar
AVA A “/ V6 O-»l6
©—bi7 O 7 1-»]7
Q"'&‘B ﬁ_@,& ﬁ.’—&'s

vepveye
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. ‘The clock cycle (Le., the microcycle) of a CPU datapath is usually
constrained by the delays incwrred in one of three critical paths.

Your job in this problem Is to identify (for each path) the critical
sequence of events that must occur within one cycle. Also, for each
Fath, discuss one element in the path with respect to minimizing
ts effect on the cycle ime.

o

Path 1. (INT: Use of virtual memory is often a factor) (5) ‘
MAR — JAto PA translution unit = Mrmw/ > olehr /,_,&"

A “‘q*\‘a F}Q{mus abuu Cadse ﬂmfwaf e ater
rels te ascess Page tables, _ /
4 A sache of pappinag (TLE) s wed b
-T/' n}uce e need Sor ertre xmnrr )fe-(’ﬂ@jtspﬁ
TIL & precessor-Memery cache 3 alSo ufed , it e
¢ ‘51"35 s swaller -/1%‘& (#gﬁﬁ)'-(#ﬁm-‘/dnd then
LR + cache aperatios un%[‘aa ‘n peavallel (-'H\:ﬁ ddv cache).

3 Makg Page sie farge enouph for paralle/ fookip .
Path 2. (HINT: The size of the scratchipad regﬁ'ge.r file is a factor) (i)
-'.:‘ac,rn{'ok o bus '**AL..L& ‘‘‘‘‘‘ ‘....b“?'" — mrn{d«rm .
Large suedehpad has tony acersshie/

-~ Neue.r“-{:r/ ta J.u s camf{&e :.yc[eﬁsar?ul"ﬁs.wfd)

f Im;.{emul hove a temp re fo ot ALU m.t{fmﬁ ot t',wfbuf'»..
zaﬂ'

I/ "The %:‘.:mﬁl‘lrub & weed mh\f "‘n {;nu Vm‘uet V‘WFJ..EA
aerose mackive wrtvauction boundavies ., Tmns-p¢rs

‘t’ba".ﬁﬂhus e‘.'.nm'('ckf»d tan be in rnml(e' with vther nf:un'h‘mr.
Path 3. crmgrs: If the machine has few instructions, this is NOT a factor) 3
P r@. "“;.me.l\ cowtvel (njiv. “‘*/«RDM W/le :

e /“,Q’QM' cen be ifae.d--ur e@ m&.&c Sm"ﬂ‘f-
7::‘,5“ P mex b)/ /mw':j dn{/)}?{l\‘! c}((wrmdyﬂfi be
- enceded n o s and “Hew lm:m He W ey

g throuah 4 second ROM (nano ROMS  te
ﬁo:ura‘l'e He Veontrel 5.53\"“-“5,

Qs
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10.  Draw a "register-level" diagram of a cache memory system to
support a high speed CPU. Show sufficient details so that it can .
be seen how each feature specified below can operate. You may
assume that your components are random access static memories
modules, bus multiplexors, tri-state bus drivers, ALUs, registers,
and ordinary logic gates and flip-flops. Show explicitly the
number of bits used in each block and justify your choice. (30 pts).

B

Asyrrn bosnlond
b Wy odyasa

FEATURE/PARAMETER SPECIFICATION:

“Z Two-way set associative . /
& Write back—mm? 40 4 Mg -~ S e
#"w FIFO replacement ) - -
L~ Two words/line —» ek S0 27 wrala
" 4K total words of data in the cache
b= 16 bits /word
L~ 16 bit address bus (64K address space)

Cade. vaad efvelid Wit (Rvelid 2, 7) 7

o .
: - Ly am
‘ f{d\bm J ( b.-au e AT el b o wn 0
;:fﬂa'{ L to [Arme g &-mympfumvwmﬂ‘" ? } )
oYL pia ko ¥ (Slwple woy to duferwive whidh ta ripac

& replace W TR e Losy 4o “da v 2 Tow:
et asme | tache $ Hoera ook ey 2 p_ngp:y.lp}:

Ay P - g
WK dobd wods ¥ Lwrdsffe ® mbeST D qfcﬁﬁ’@j
L
- oty dafenwva St RN ,!b«i 7
)lzﬁq?.{‘{nM“m@_ ﬂ.—‘-‘:"'/..:;?’,
é ‘ya b +75~ (total 7 15)
%:z_ndc‘ms ) ek B
§ wﬁh oy —s WA W &:t&i;j ﬁﬂ@ﬁi ioniwd by P §
bt’ - l"c‘f A el -ﬁrm m,’m dity WE, wh Valid bt
feod @) ey A UL #
*’ﬂch. e et m&rgmt&wr s ok ol by 4
e M v ”%ﬁ» ok dsdtamived by FIFo {24

G- — et == ebeml— v
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Page 1 of 14

February 9, 1987

HARDWARE PRELIMINARY EXAM

ANSWER ALL 8 QUESTIONS

ALL QUESTIONS HAVE EQUAL CREDIT

If you think any question is amblguous, please

clearly indicate what assumption you are making

to resolve the ambiguity.
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LY,

c)

d)

e)

QUESTION 1:

What 1s the eircuit dravm above?

YOUR NUMBER

Page 2 of 14

Name two distinguishing external features (advantages) of this circult.

What iz the function of the gate lebeled A 7

What is the function of the gate labeled D7

What is the funmction of the gate labeled E 7

069



Page 3 of 14

Your Nuwsber

QUESTION 2:

A B-way priority encoder produces at its putput the three-bit code
carresponding o the highest priority input that ¢

suserted, The package (shown belaw), han eight input pina,
three output pins o jdentify the highest priority aaserted inpat and

POWEE ground ;and ¢chip select plns, The package also provides
two outputs X Y. N

< »a» x

tt?#‘ﬁigaé?:itﬁ

¥

a) What are the functions of these Outputs X, ¥

b) Use two of these chipe plus whatever minimal additional logic
gate you nead to design a circult for a l6-way priority encodet.
Please dyaw your gircuit in the space below:

- = A o m m ww e




Page & of 14

Your Number

{JUESTION 3: &
Assume that you have a bus-connected assembly of an adder and five
registers @s shown below, All registers are positive edge triggered,
and registers |, A, B- have tri-state output. All busses are 4 bits wide.

You want to add a number | (which you se! with the togple swilches
attached 1o the input register | } to the number b { whith Is already
gontained in repgister B ) and then display the result on the LEDs

. atlached to the output repister Q.

Specily & minimal sequence of appropriste operations for the contro!
signals ¢ («clock input) and oe (=outpu! enable) by completing the
timing diagram below. Assume that the Input switches have already
been set.

DOOE

time
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QUESTION 41

Assuue floating point nusbers are represmntad in gonventional o
HEC RS R E o R
normalized aigned~magn1tud¢ format using D pits, where k bits “ﬂ¢$;_1*<"
e v U1

are used, fof the exponent. Assume the radix of the exponent
1f ﬁb and o~k~1 is 8 gultiple of b. - 3 e

B} Let y be a number which cannot be rapwemanued exactly in the
above acheme, and let X be the number obralned by rounding

A y to the nearest representable munber . What is the

o waydnum relative erroT due to rouﬁdings agsuming 0% Ki¥e

p) Consider & particular repranennabla nupbwat X, {(x=0). 1f v 18
rounded to % and y.>= %, then X = y - € ¢ tet E, he the maximunt
valua that e, can have, Lf Y 15 tounded to * and y< % » them * ¥ y+e

Lat E2 pe the maxioum value that e, can have.

For most representable number X Ell Ez w1

pl) When 18 this not the case?

b2) What le the value of 21 ! Ei for these cases 7
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Your Number

L QUESTION 5:

Implement 8 controller for the followang state diagram ueing &
counter with load, increment and reset lines as the mein part.

Full credit will be given only to designs with minimal logic

073



QUESTON 6:

Page 7 of l4

Your Numbey

The Data Path shown below 1& to be used as sn 8-bit host machine for
wsulating en 8-bit processor.  Assume A, MAR, and ALUO are ‘
74 L8377 (see sccompanying 8sta sheet)which run off the psme clock
¥ote that the LOmicroorders are esch tied to pin G of the
corresponding part. Assume memory can operate inm one cycle. Asgume

dthe cycle is long enough to allew propogation delsys to complets.

¢

Lo pc =B }xcﬂr_ﬂa
(TYT fk:
o .

oA A

GATE. 3
o

.—?ﬁ‘ﬂnuwm

Your jcb in this assigoment is to write in the space provided below the minimal
microprogram to complete the emulation of the three address ADD instructiom.

An example i{g shown below, i.e. the instruction starting at location 205

causes the contents of location 64 and the contents of location 128 to be added
and the sum stored in location 32. Note that the first operand is the
destination address. The opcode for a three-address ADD is 00LIQCLL.

Operand addresses are specified by direct addressing.

Assume you are starting with PC containing 206 and the microprogram

has Jumped to your firet mit¢roinstruction.

061l oo 4y 205
e 1o onod |1oL
Pfﬁmﬁnmn 207
180 02 an o [20f

o Ve PR et o 0 7 4




Comtnent 5

avi Q7

-

2
\
3
&

2T HvD
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Your Number

A= TLY D

QoY TaLv D)

on? A7

GOy TN

X

L

Pd ILVE

od TN

g a7

075



076

: Py
£01ES "HTITHIIRE LERISING T ovant facl  FLLLINES QUTTHGE GEstvis
SIE3MENS LSRR LIITIVINE ERJAL SIERTHIAE RS HINE UIUIARE 53 (S1P0RE RALATrANS ‘LICSHAAES RE4AL

Zagqans InCL

%1 10 5 8deg



Yage 10 of 14

Your Ruxber i
QUESTION 7;

#) Conglder a collection of 3 1/0 devices and

their asspciated controllers as shown in the plcture below. There iz
¢ single fnterrupt ldine, I, that is input to the url.

cPJ - OurTRbLL 1Y O oyt
:: | =1

7 ]

Pevi l
-

Tl PP i,

Asguping that we want the priority of device 3 higher
than degice % which is in turn higher than device 1, suggest = simple
way to mchieve this effect without resorting to sny polling techniques.

3 " f.e. 4t 18 a conventional
%) Consider an 1/0 devide which ds a"buifered 2isk",
mlgnetic sk with a controller that has X bytes of RAM lopcal to the controller which
can be used a5 a cache for disk blocks.

077



Page 11 of 14

Your Numbay

¢} What would be reasonable cache management policy and why?

d) Discuss the relative merits of putting X bytes of memory in the
buffered disk versus adding the same mmount of memory to that available
te a CPU managed buffer pool.
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‘QUESTION 8:
Your Number

The IAS Machine created by Von Neumann had the following instruction
set (This has been simplified a bit),

M [0:4095]  (0:39), AC (0:38), Q (0:39)

1. LOAD AC F—¥ {x] x 18 the address field
2, LOAD NEG AC &= ¥ [x]

3, LOAD ABS AC =M [x)] Absolute Value

4. LOAD NEG ABS AC® -u {x]] Negative sbsclute value
5. ADD AC £~ AC 4 M [x]

§. SUB AC &= AC - M [x)

7. AUD ARS AC &= AC +M [x}}

B. SUB ABS aC § AC-iM [x}}

9. 104D Q : Q € Mx)

10. XFER Q AC &€ g

11, MULT AC:Q =—  AC *M [x}

1%, DIV Q % ACM [x] AL e remainder (AC,M[x1)
13, BRAKCH PC ®- X

14, BRANCH 0Q 1f AC & 0 then PC = ¥

15. STORE M[x] =~ AC

16, STORE IN ADDRESS Mix)  (0:11) == AC (0:11)

17. HUL 2 AC o AC #2

18. DIV 2 AC o AC/2
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Page 13 of 15

Your Fumber

Yhe Inptruction forwst looked like thim:

prevseenss g7/ 79 3 Y/

a) From this desctiption, which mumber representation would

you suspect ip used
(2) Sign and Magnitude
{b) 1's Complement
(¢} 2's Complement

Why?

4

b) As one of the first computers, it was lacking in feature.

b1} What 1% the purpose of instruction 167 (Store in sldress)

b2) What addizion to the IAS Machine would make this instruction unnecessary?

b3} 1f we ignore the problem in Question 2, what is the single most important

missing imsrruction from the IAS Machine?

Why?



Page 14 of 14

Your Rumber

b4) Define that inmstruction in the hardware description language

below:
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HARDWARE PRELIM EXAM, FALL 1987

Please sign your name in the sign-up sheet before you take the
exam. -

Please write your identification number on every sheet. If you
attach additional sheets, please write down your 1.D. number,
problem number, and page number.

Please answer all questions. Look over all the questions before
starting. Questions 2, 3, 8, and 8 carry more weight than others,
The approximate time to answer the questions is given,

If you get bogged down, go to another question. Always do the
ones you know how to solve first, then go back and work on the
others.

If you do not understand any part of the question, interpret it the
best way you can. State your interpretation and any assumptions
you may make.

If you feel additional assumptions are necessary, keep them simple
and straightforward.

GOOD LUCK!
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Problem } I.D. #
15 minutes

Using D FF's and assorted gates, design s sequential comparetor that is to detsrmine
which of the two n-bit positive aumbers, X and Y, is larger. (Assume FF's ere clocked).

084



Problem 2 1D.
20 minutes

Obtain & seale-of-saven up counter, as shown in the following state diagram, nsisg D FFs and
PLA, Assume that this counter is tied to & seven segment display device. You don's have do sitm-
plify the PLA,

>

v o MR

o—3 @
|

)
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Problem 3 1.B. #

20 minutes

Design a general purpose register using 3 clocked T FF's for the following functions (using
NANID gaten).

Control Sigosl Function
EE  Set ABS tol'y 111 -+ ABC
T ﬁ)m-wment by one ABC - 1 — ABC
- _bunary
left shift end around
L e _by one position ABC — BCA
W i Transfer (write) the
states of input linee a—A;b-—+B
abe inta ABC, -

a. Derive the input (excitation) equation for each FF. b. Test your design for cases:

i, ABC = 111
ii. ABC = 101

088



Problem 4 LD e rrvrmnr e
15 minutes

Sketch in the timing diagram below the logic values of the
signals at poinis A and B in the given circuil. Assume that the
circuit is already in a steady stats (you need to figure out what
it 1s). At time T, the swilch is moved from position UP to
position DOWN.

time

et e Qe gverage gate delay Tpd
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Problem §
10 minutes

Given a Mealy machine with 5 inputs, 6 state-Nipflops,

and 12 outputs.
Assuming suitable internal wiring of the machine,

@) what is the maximum possible number of ddferent output
}pattams that this machine can pwduca [

b) what Is the maximum number of transition arrows that can
leave a single state 7

c) what is the minimum number of transitian arrows that can
end in a single state 7

088



Froblem 8
10 minutes

An Instruction Set Architecturs has 5 32 bit VA, and byte addressing. It is to be used with 8 MB

of physical memory, We wish Lo design » 2-way set nesociative writs-through virtual esche. Line.

size (also ealled bloek sire) is 8 bytes. The Tag Store is to be indexed with © bits from the sddress,

* The Toyg Store must be, therefore:

5122 . prrne bitt

Specify in the apace below the felds comprising one of those 512 entries. Specify the size of each

feld.

Assume a fifo lice replacement policy. Specily below the sumber of bits required to sccomodate
that policy, what each bit pattern means, and ax algorithm for what to do on Aceess and on

Replacemant.

Bit Pattern

Interpretation

On Access:

On Heplncement:

089




Problem 7 D ¥ 5 R ——————
15 minates

Many machines represent integers with three different types: 2's complement, fosting polnt, and
BCD. In the space below, show the rapresentations of the decimsl number 125. {Assume 2's come
plement s 32 bits; Roating point i 32 bits, sigted-magnitude, exponent feld in 8 bits, excess-128
code, radix + 2.) o | . .

2's complement Boating point BCh

Each of the three dats types has its own sdvantages/disadvantages. In the space below, succinctly
state advantages/dissdvantages of each, Include an application for ench.

2's complement floating point BCD

Ady.

DisAdy,

Appl.
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Problem 8 1D. 4

25 minutes
COMPARING INSTRUCTION SETS

Your task I 10 compare the memory efficiency of Tour different styles of instruction gets for two code sequences
The styles sre:

Accumulator The source/destination operand must be the scewnulator and the other operand is in memery.
Memory-Memory “The cperands are ia memory, and the instructions have three optzands per instruction.
Btack All pperations ocour o iop of the stack; data must be placed onto the sk before an arithmetic -

operation, (This is the traditional stack instruction set; ho fancy operations plense )

Lond-Store Reg-Reg All operations occur in regisiers; dats must be placed into # regisier befors an arithmetis operation,”
Memory i acoessed only through loads and stores, but register-to-register instructions have thres
operands pes instruction. Axsume there are 16 gencral purposs rEgisien.

To measure memary efficiency, make the following astumptionz:

» All oprodes of sll four instruction 315 are the same gize: 1 byte (B bits)
. All mersory nddresses (when necessary) of all four instruction sets art the same size: 2 bytes (16 bits)
) All reglster specifiers (when necessary) of all four instruction sets are the same size: 0.5 byte {4 bits)

All data operands (when necessary) of all fow instruction stis see the same size: 4 byles (32 bits)

To ealculate data memory traffic, agsume the stack has two top-of-stack registers, but there fn mo other
optimization tbat will reduce datz memory trafTic beyond what ks apiready o the fowr Instroction set.

Inventing your own asseznbly language mnemonics (which is pan of the question), write the equivalent assernbly language cods
for this high-leve! Janguage specification for both ssquences, Assume thal all i operands.i, B, C, D—-are in memory, Wrine
. the best eode for cach case, :

J@A = B+ C;
Acewmulator Memory-Memory Stack Load Store Reg-Reg

P . .
L L A

Instruction bytes fetched . Instruction bytes foched  Insouction bytes feched . Instruction bytes femmd,_
Mem Data bytes fetched i Mem Dowbytes feched, - Mem Dt bytes feiched ... Mem Data bytes feichisd
‘Which is most efficient statically (code only)? Which is most lliciant dynamically (codesdain)?
MA := B + C; B =2 + C; D = A« By

Accumulator Memory-Memory [ Biack ) Load-

ore Reg-Reg

: ,‘l‘.|,1‘- PO I

Tnstruction bytes feched 0. Insmruttion bytes ferched . Instroction bytes fewched, *  Instruction byies ferched '
Mem Diata bytas fatched Mern Data bytes fached_ - Mem Data bytes fetched 27, Mem Data bytes fewhed
Which is most efficient suatically (code only)? Which is mos efTicient dynamically (poda«r-d.m)'?
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Problem @ 1D ... w ——
50 minutes : o ' .

Given only two component Ly pes:

». input NAND gates,
b. tri-etate bus drivem,

but 2 masy % you like, show a hardwase design for » 32-Bit Processor with the following instrue~

add {x): AC = AC + m{x)
stor (x): m{x) « AC
branck (x): IF AC < O THEN PC « X,

A large part of your score for this problem will depend upon your organitstion sad
nentness in presenting » solution. Use hiersrchical deseriptions. Une good enginesring design
practice in your decisions, If an assumption is needed, make the simpleet sssumption sod
atate clearly what it ia.

_ AGAIN: BE WELL ORGANIZED AND NEAT!
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1.0.¢4 4§

Problem 1 )
15 minutes FALL 1987 CORE HARDWARE EXAM \ /{

Uning D FFs and assorted gates, design n ‘sequential somparstor that is to determi

which of the two p-hit positive numbers, X and Y, is larger. (Assume FF's are clocked). / {/

oEm  wrw oay A0

| SRS ey } {
"f PRETUEE B 1S % ,o“

L x>y 2%

3§ 4 k)= W
A O  B-(rv¥) ~ XY
O O

093 @-_4_ WM&CM ‘J""“"u

Gt b soting ook g 2 N U
Motz g by Gotivg dote wot tawpe vae poble ...



Problem 2

[&
20
T SURTUL. 3 W
20 minutes

Qbuhnuwwmnpmum,mn&mkmwmmm;bmm
Mmm@thﬂthhenunmhmdmammmmtm device, You doa't have to sm-

plify the PLA.
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| e e ik A . u am

Probiem 3
A 20 minutes

et m imir e A L sl ST S TG 8 e s

T

Design » goneral puypose register using 3 clocked T FF's for the following functions {ankng

NAND gates).
[Comtrol Bigoal Function |
[§  wwr. BetABS fglw 111+ ABC Q}J/
Dh*n-mwnl b’ ane 2 4p
D — - mmeas binary ABC .1+ ABC
o " " left shift end arcund ;
L """ by one position ABC —BCA = )
W —eenans Transfer (vrrite} the
states of ibput lines a = A;b-—B
_abe into ABC. € -

a. Derive the input {excitation) equation for each FF. b. Test your design for cases:

R
’ - [+
&Q‘QE-” ) ‘ CR: Q:‘ Q: ] T. Ty qu O I
0 oo A 14 4 S

o O D D O o o |

060 O O | o { |

o o r0 o o |

' © o O v I T

v O I o o o o |

L oo o 1 |

By \ } D o o |
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T - paa; + L_Q.\ *?"(KIA-PS)@QL/

i
T . P8, + o, «(-s)ea,
A

- '3:’ + QLL“’ o+ (LTS)@OQ
NAND - naWD

lart
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Problem 3, page 2

A B = 1Y
t.) -

YC = WY

0= \ =)

WO
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Problem 4 1D. § LS
15 mineten .
Sketch In the timing diagram below the logic values of the
signals at points A and B in the given circuit.  Assume that the
gircult Is already in a steady state (you need fo figure out what
it is). At time T, the switch is moved from position UP fo
position DOWN.
A
v i 0 -
1
i
B 0 =
-
iy | One average gate delay Tpd time

i00



Problem 6
30 minwtes

. Given 2 Mealy machine with 5 inputs, & state-flipfiops,
bd and 12 outplts,

Assuming suitable internal wiring of the machine,

a) what is the maximum possible number of different outpin

patterns that this machine can produce ? ERTE
2,4 = 2

b) what is the maximum number of transition arrows that can
feave a single slate ? I
A = %2 v/

c) what is the minimum number of fransition arrows thal can
end in a single state ? o WV
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P"ﬂblﬂm -] IVD' # e e e R e
10 minuies
|6l
/ | ?H' ""
An Instruction Set Architecture has » 32 bit VA/Snd byte addressing. 1t is to be with 8 MB
of physical memory. We wish to desigh & 2why et saocistive writethrough sche. Line -
size {also called bioct oiu) is & byl.ﬂ The Tnz Store u to be indexed with O bits [rom the sddress. 21 0
1 2.
* The Tag Store mmy,bu. therefore: \f % _l

o - [ i
512:“’:} . .bi“ ‘ +~ K_‘?P Lz, m.ﬁ.ﬂm ka;‘,._,;..

L

Specily in the space Miuw the felds comprising one of those 512 \:nttiu Specily the size of en%h "

Beld. .‘ \J"E'
21 vz /B 21
feglals T j Vi \
ot A o
e Joud | [

(ﬂmb (9 i bl e ) U\Lﬁ“.?a ‘W‘

Assume a Sfo line replacement policy. Specily below the pumber of bite’ required to ucomo-dnu
that policy, what each bit patiera means, snd s algorithm for what to do on Access apd on
Heplacement.

Bit Pattern.. {nterpretation

VIR | SRS A

éfw (,-ﬂk@u{/b

(15 flimbe eadhon toite )

, O Accese P = On Reptacemaﬂt
/ Aoust 35 ed ﬁFo :.L
Tf@w Yy M F‘%‘;—G tMHMVj fbtbe
IS ) 150 Lt b f Cigp= o n‘.i)(u.b
L-"M (owﬂ % Mg FIFD Lo Lot ™ r-«zm.l.. v.a[ rWWu:j a ke
o LD J‘r{a{@&-eﬂ Lra e 420 FIgm0 < |
Pf“:""‘@%v,

02



Pfobrﬂm 7 . ‘I'D' # nnnnnnnn —— o
15 minutes : ‘ / 4’

M

Many machines represent integers with three different types: 2's complement, Bonting point, and
BCD. In the space below, show the representations of the decimal number 175, (Assume 2'5 come / )
plement i 32 bite; floating point is 32 bits, signed-magnitude, exponent feld ba & bits, excess-128 :

tode, radix + 2.)
/ Z | /

ﬂﬂ't'{;ﬂ:‘ A?o‘/ 5 E-' t.’ :\Zf%iﬁbci ‘ l’ ‘d.g/
w0 O] e ill 111 Dl == oo o [oA e

e CHUECH  ginara

2'¢ complemnent floating point BCh

. 7

o 1t 22
Esch of the three dats types bas its own sdvantages/disadvantages. In the space below, muecinelly
state advantages/disadvantages of each. Include an application for eack.

%' complement " Somting poiot / BCD
Adv. ¢ Lo ooty B
frimay i ci’f—@:‘-uw‘# LTl
js« et 4, - [%t':r fombe it (L“' f &
‘ b Fwe T I 0
i'c.;a PRI Tien, el z“izﬁ _r,m,““zt,_?“ m'ﬂﬁ:,b y
i A 1YYy ! ; -,:r. Ly Wy [ g3 VBT ih £40Td
P gk P (es a!% Lé‘s:ﬁn.‘k'!'i.frf‘;q Wk et WG N » YRy
DisAdv. Sz imT o posbeig'te L&.ﬂpl’m gt Vo) l.'é» oyl wir e Furl
e - Pedaaaisiab  Sueldl] i g, A
-2 vt ! 2y dnf 17k “:1\.:;1 e ¢f €55°%0)
) y ‘!r“jr'rfé“\. l‘c Y Y ¥y /
" . . Q' 21 f] ﬁ'ﬂ‘nd £ Pirgas ] A "
4 Fj i*t."c!(’ong ot M‘}/ s M‘:;;"'frﬁ"b f‘ly;““:,ﬂ P-'?f:'-i;s fcr
Appl. 7 ;
{:Jf,‘rt*mj Bl LT
127 497,
Cf-“ﬂ*{ RN ’ﬂ
' ; af
Lo bglmg S
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Girading of prodieva 8 (25 oF @ TOTAL E‘ 25

Sincs thiy i ¢ PR exem for & core grea, the grading is busd on the serionewes of the implications of the mistakes
rocher tham jout getting poins for flling in the Manks with the camoct pwenters and no points for incarreds numbesi.

Detn traffic wes considered correct if you consistently included the writes in your count or if you consistently only
counted the reeds, Optimized code sequences were aliowed ("Ino-C%) but not pecessary, walers the inck of
“m&m‘wlmmw&nmhim o . : .

Worst mistakes (for they simplified the question)

Loss 19 polnts:

1.MMMMMMHAwimmmwmbmﬁmmmd
this mistake also simplified the question.

2. Counied insouctions rather than bytes of instructions (foe this mistake significandy simplificd the question).

»
L)
—

Most sevious mistakes (for they sigges major misundersmndings shout hardware or instruction sett)

Lose 8 polnte: o

3. Not realizing you have 1o use 8 STORE w0 get datn fram the CPU (o memcary in a single sccumulator
machine or register-register machine or & POP in & stack machine.

4. Not realizing that an instroction set can have varishlke length instructions (e.g., thinking that in 2 sccmmulator
instraczion set both “LOAD A" and "NEG” take 3 byses).

-

Lose & points:

_ 5. Not realizing that the socumulator is an implied opevand (.., thinking that you must say "ADD AAce").
. 6. Not knowing that dats trasssfer on & stack srchitecnme (PUSH/POP) changes the stack contents,

= 7. (Apparatly} Not inowing assembly banguage. '

_  B.(Appereatly) Not knowing the differenice between 2 bit and & byte.

Sertous mistakes: -

Lose 4 pointy

_ 9, Rounding up instractions to 8 rultipls of 8 bits (computars have been buil with instruction sizes that can
e an odd mumber of bits)

10, Using LOAD md STORE rather thun FUSH and POP with 2 stack srchitacture.

1%, Abways using just 2 sddresses in the Load-Sore Reg-Reg srchitecture even though the question says that
this is 8 three sddvacs machine.

12, Forgetting that the two top-of-3tack registers in a stack architecture prevent extra memory CCEsses,

13. Ending up with & etror in code size or data memory traffic count for which T had no possible explanation.

Medium mistakes: Lose 3 points:

14, Not keaving the stack empty after a sequence of instructions(e g, wot ending with 2 POP).

15. Forgeting that data that is still in the accumulator after 8 STORE and does not have to be refeiched with a
LOAD, .

16, Gerting fancy with duplicates in the stack case and resulting in exwa data memory maffic because it exceeds
the 2 TOS registars,

17, Misundersanding {miscounting?) the number of daz words wansferred for a code sequence in an architectore,

L

b

Smull mismker Lose 3 points

18, Calcutsed “CroB. A" rather than “Ci=A-B. (OK if you mentioned you had a reverse subtract s used some
ather symbol than “5SUB*,)
W.CmﬂﬂmﬂywriﬁngﬂmuummdmwmmMbﬁw(mmismyaﬂmmmuﬁm
on which was most efficient), -

20. Somedmes using just 2 addressey in the Load-Store Reg-Reg archiwenmre even though the question ways that
this is a tiroe address machine.

-

Minor mistakes Lose 1 point .

. . 21.Consistently sssuming data was 2 bytss rather than 4 bytes (a5 stated in the question).

22. When they are easy for me to determine from the information on the exam, simple mistakes i counting the
number of bytes in 2 code sequence were considered minor.

23, Forgetting an obvious instruction in 8 code sequence (2.8, 8 "STORE R3,A" when had "STORE R2,B%).
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P & lS

Pmbkw 3 ’ m # - Lt" S"
26 mbyote

COMPARING INSTRUCTION SETS

YwmzﬂbmmmmmdmmmthMMmMmmm

" The styles are:

Accemalutor mmemwmuwmmmmwhhm.

Memory-Memary The operands are iy memory, and the instructions have thres operands par instroction,

Biack All operations corar on wp of the mack; data must be pyded onto the sack before g arithmetic
wmmhmmma!mmmmwwmmo

Load-Store Reg-Reg All operations ocour in regisies, data must be placed i p & register before sn srithmetic operstion.”

Memory i accessed only theough loads and sores, buf regisier-toregisier ingtructions bave thyge

neruction. Asnane there se 16 e parpose
To theasure memery efficiency, make the following assumptions N —}:ﬁﬂ’ ox @Pper o~ o wmfw"
. All opeodes of all fomr instruction sets are the same size: 1 byt (B bite) ~ w L gdocte d
. All memory addresses (when necessary) of all four instrociion peis are the Just 2 Bytes (16 bit)
. All register speeifiers (when pecessary) of all four instruction sets are the : 0.8 hyte (4 bits)

All dsta operands (when necessary) of all four instructiph sets are the samexize: 4 (32 bits)

¢ 3
as two top-offtack reglstérs, bat there is mo other
iice datn memory traffic beyond what i alrendy In the tm\r instroction gets.

2o enlculste daia memory traffic, assume the stack
optimization that will

z SN
Tnventing your own essenbly anguage maemonics (which it part of the j wﬁtiﬂwmqm 1 astermbly Iangoage code
for this high-level Ianguage specification for both sequences, Assume ths all the opewids—a, B,\¢, D—are in memory. Write
the best code for each case. S | \
WA = B + C; / !
Actumulator W | Mewory-Memory 4 / | Stack L™

: '{ Load Store Reg-Reg -
pusvi & (weB) \wm B, 04 (v 8%
pusw C© { e Loap €, RL

LoRd © (s ay)
pop € (aenecf] |PP HCoA iu

StofE A (e RYNEECTRIT B SO YACO S € Y0Y N
- =30 S Crmg ¢ RL, A ( (o
: Penp

v’/ v, Vi v
Instruction bytss feiched S/ Instruction bytes fewched 7 ¢ |, mmwr:ﬁ Instroction bywes feuched |3 L7
Mmhuwtm Mem Data byws feched 8" Mem Data bytes f _ & Mern Duts bytes Yy
Which is most efficient suatically {code ohly)?_H e - #om  Which is most efTicient dynamically (coderdan)?, M - Pl
A =B + C; B =A<+ C; D:=37-8

. ‘ _ ‘ .
[ard B OGO O ore ot o balid (O G D F 60y 7
Accumulator Y Memory-Memory  J Siack :; Load-Store Reg-Reg | & fc
5 QURVR- ¢ Pubrt b ’ ]
Ly A LekT 8, 84 '\
1o e Jaed B.C, R pusH & A onr ¢,z v
BTHAT A ‘lave A, L, & %:,‘; A P ‘H”l,_ ADR Miﬂ‘a , 83
A4 AVO L o A,%, 0 pe A P OO R roan ey, B
{ some 8 tosn & Lf poo aa,mp, RV RUS
A o A pet B 1 trenr B4, B = AL
- e 8 : pusv A sep RO, LY, LS \nrsm-!‘.
Ciots P fudv |
‘ ) sosr U5, P
\ rot P |
v/, v |
Inmmﬁunbymfmbedﬂ‘/: Instruction bytes fesched, 2|

21" nsoction bytes feiched 30 Insracton bybs feiched £ 5%
Mem Data bytzs feichsd 307 Mem Dats byses feiched_ 247 - Mom Data bytes feiched 24~ Mem Dawa bywes feiched_ § (-
Which Is ost efficsent satically {code ontyY? M ss = 2oy Which is mos efficient dynamically (codesdau)?, tvad - Gtowe Ba.n
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5 minunlas

Given caly two coinpoaeal by b

5. Finpat HAND gotes,
b. tri-state bus drivers,

but a2 maay s you like, show » bardware design for & 32-Bit Processor with the following imstres-

3dd (2 AC = AC # mfs)
stor (x) m{z} =~ AC
branch (x) IF AC < O THEN PC « X,

A large part of your score for this problem will depead npow your crganiration ud‘

peatness in preseating » solution. Use biernrchical deseriptions. Use good epgineering deign ——
practice in your decisions. If an sssumption i needed, make the oltnplest sssumption pad <

state clesrly what it bs. Tkl -
AGAIN: BE WELL ORGANIZED AND NEAT! Oteaca Tobie
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]

HARDWARE PRELIM EXAM, SPRING 1988

Please sign your name in the sign-up sheet before you take the exam,

-

Please write your identification number on every sheet. 1f you attach
additiona) sheets, plesse write down your [.D. number, problem number

and page number.

Please answer 811 questions. Look over all the questions before starting.
( The approximate time to answer the questions is given. ]} Questions 1

thru 6 count the same value, with question 7 counting as two questions.

If you get bogged down, go to &nother question. Always do the ones you

know how to solve first, then go back and work on the others,

1f you do not understand any part of the guestion, interpret it the Dest

wiy you can, State your interpretation and any assumptigns vou may make

with your answer,

1f you feel additional assumptions are necessary, kesp them simple and

straightforward,

6 «0~0-«0D L-U-0C« K1
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10#

Problem 1
30 Minutes

Given the following data path: . ToB4S o
e i SO e
A —— i memm e .
mﬁk T2 _Rea o Rey® ’;:: e ReadB |
R T . R R
xaru.h | erolh
. »-—-»-..._.__.‘ - “
AAMS% ——-w‘—" Add (847 [ign
Enahly —o B uffer
>

MAX and MIN are constants stored in Reg B {positions O and 1}.
Design a controller (with complete definition of eventual rom or pla contents),
which executes following function on the above data path. The function has to

be performed continuously: a new execution starts at the completion of the

previcus one:
oW I

LN e

e i Sl W S e S e

TN NiAY ;::n?'
The status signal Sign {sign bit of the 2'complement output of the adder/

subtractor) is avaitable as an input to the controller.
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roblem 1 (continued) 104

gﬂ Minutes

Following control signals are available to determine the operation of the

data path (active high):

Lpad A; Load value of JOBUS in Reg A
Read A: Read value of Reg A
Zero A, Zero B: Connect Reg (A,B) to adder of 1, else inject 0.
Read B: Read value of MAX of 1, else
Read value of MIN
ADD/SUB: Add (A+B) of high, else subtract {A-B)

Emable: Enable Buffer Qutput, else tristate
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Problem 2 )

30 Hinutes

High-level Design of a State Machine

Construct a synchronous Moore machine with two inputs A and B, and with two outputs
X and Y. The machine accepts synchronously with the clock data on the twe input
1ines. The output X is at a logical 1 when the data on the two inputs has been the
same (A=B) for three or more consecutive clock ﬁyc1as; ptherwise it is at legical
0. Output Y is at logical 1 when the data on the two inputs has been exact

complements for three or more cycles,

A) Give a block diagram of an implementation of such machine using M51

IR components: Registers, Counters, Flip-flops, Decoders, Multiplexers,

Adders, Comparators, etc. Choose a straight-forward approach; no need

A to go into any details.

B} Draw a2 minimum state diagram a5 a formal problem description for the

abave machine. Clearly indicate the significance of each state and

where the putputs come from.,

{16



Problem 3 1D#

39 dinutes

You are to design an asynchronous building block component for & hardware
stack. The reusable component implements a single element of the stack. On
PUSH, it reads data from the cell on fts right and passes its current data to
the cell on its left. POP moves data in the opposite direction.
By asynchronous, we mean that each element may have its own internal cliock, but
that the system as a whole has no global clock. Further, PUSH and POP signals
cannot be distributed globally,

1) Draw a black box diagram of the basic element, indicating all data and

control signals it needs.

2) Sketch the state diagram from implementing the PUSH function,

3) Show a timing diagram for typical PUSH pperations.

4) Describe how you would deal with an empty stack {underfiow) or & full

stack {overflow).
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Problem 4 1D#

20 Minutes

Given following circuit:

Oul

clock

A. What {s the function of the above circuit?
B. Sketch the output waveform for follawing clock and In sigrals:
Suppose that the delay of all logic elements is identical and

gqual to one time unit. Assume Qut is inftially low,

o L\( \ ‘ ‘ k
ity . A s ! X Y ] i A 1 . 1 L 3
In
L] i X * ] L] [} L I ———————

{

¢. Explain the abnormal behavior of the circuit.
How can this be avoided?

Redesign the circuit so that these effects disappear.

11§



Problem B 1D+

10 Minutes

INTEGER ARITHMETIC
A) What s the key difference between restoring and non-restoring

division?

Given this portion of a simple data path and assuming non-negative

pperands: -wmm~w-wﬂ$

A Q D

N/

ALU

8) 1Is Restoring or Non-Restoring faster?

¢) Give an egquation showing how much faster it is.

State your assumptions,
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Problem 6 104

10 Minutes

MICROPROGRAMMING

A) What is the key reason for using a two Tevel contro} store?

B} Suppose you are building a microprogrammed computer and the only
memary chips available are 4096 word by 1 bit chips. A trial one
level design requires 4095 by 100 bits {100 chips). Given this
situation, in what circumstances {if amy) would a two-level control

store design be superior?
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broblem 7 104

80 Minutes

Given only two component types:
A, 2-input NOR gates,
B. tri-state bus drivers,
but as many as you 1ike, show a hardware design for a 32-Bit Processor
with following instruction set:
sub {x): AC &= AC - m{x)
stor {x) m{x) ¢ AC
branch {x): IF AC> O THER PC & X.

A large part of your score for this problem will depend upon your
organization and neatness in presenting 2 solution. Use hierarchical
descriptions, Use good engineering design practice in your decisfons.
If an assumption is needed, make the simplest assumption and state

tlearly what it is,

AGAIN: BE WELL ORGANIZED AND NEAT!
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104 (el \9 B

Prohlem 1

30 Minutes
Given the following data path: ’ ang’fﬁm L
e — - ————— v A ML :
.. A . v m 1T o o
] ‘ﬁ‘::i‘k T Reg b ﬂzzb" RAY < B
n—-ﬁ:-- aluu :....... U S T IREES + . _hiﬁ - R ‘-v—h“-l-dlldln-l i —
e ﬂ-tﬂn&l )
o m_._..&...l L RSO N
i .
wu&% —-—“F Add (84" {%a%} S . -
ffr\uﬁb\g_ “'“”‘“{r_ fﬁihkFFﬂf‘ R R
o

MAX and MIN are constants stored in Reg B (positions O and 1).
Design a controller {with complete definition of eventual rom or p]& contents),
which executes following function on the above data path. The function has to

be performed continuously: & new execution starts at the completion of the

previous one:

O\WA

H“‘*wu“ ok o e
L)
i
i
L}
i

Miw 1
|
i

win DAY ' x:pr'

The status signal Sign {sign bit of the 2'cbmpiement cutput of the adder/

subtractor) s available as an input to the controller,
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gsub‘l_em 1 {continued) Bl 104 (j (_/
Minutes

& b, ﬁmh’"""""""‘_'““—-

Following control signals are available to determine the operation of the

data path (active high):

Load A: Load value of IDBUS in Reg A
Read A: Read value of Reg A
zero A, Zero B: Connect Reg (A,B) to adder #f 1, else inject 0.
Read B: Read value of MAX af 1, else .\
Read value of MIN - ©
ADD/SUB: Add (A+B) af high, else subtract (A-B)
Emable: Enmable Buffer Qutput, else tristate

BYS s et Totws 5 Ol itk AW M?dﬂ,\m‘""‘}- Whaas Loed By =\,
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Problem 1
30 Minutes
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Problem ¢ ) 104
30 Minutes v 2]

/0

High-Teve] Design of a State Machine

Construct & synchronous Hoore machine with two inputs A and B, and with two putputs
X and Y. The machine accepts synchronously with the cleck data en the two input
lines. The output X 15 at & Togical 1 when the data on the two inputs has been the
same (A=B)} for three or more consecutive clock cycles; otherwise 1t is at logica)
0. Output Y 15 at togical 1 when the data on the two Inputs has been exact

complements for three or more cycles.

A} Give & block diagram of an implementation of such machine using M3}

4

7 components: Registers, Counters, Flip-flops, Decoders, Multiplexers,
Adders, Comparators, etc. Choose a straight-forward approach; no need

to go into any details,
B) Draw a minimum state diagram as a formal problem description for the

E;fﬂ above machine. Clearly indicate the significance of esch state and

where the outputs come From,

A} ”\Yﬁﬁh frwasd, wo FSM pes €, }uﬁ-‘«; P -r:,k‘\{-‘r“ wmbl-mm-

Q—_’QDJ‘““ - ,
*SV“ﬁbf:- éi'“ _.c}L “#mjiu“ﬂ”u
Vew | =D
\ ]
|

gov [ N
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wendd ebviate e chfr veg ey -

- N Y - ..LL*HN;,V* O er |

& 4&.“ 2SN warned "):C‘C?_\ \ matans Gs Ol (7:9-:-»&' cans)
L S G\'..‘,)/" . Q‘ = ) =) A'ﬂ“l # Bt-l
Q=1 D Ay = Bt
X etk
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Froblem 2 ' 104 Eﬂ
30 Minutes

| - J

High-Tevel Desfgn of a State Machine

Construct a synchronous-Moore machine with two fnputs A and B, and with two outputs
X and Y. The machine accepts synchronously with the clock data on the two input
Tines. The output X is at 2 Jogical 1 when the data on the two inputs has been the
same (A=B) for three or more consecutive clock cycles; otherwise it s at logical
0. Output Y is at logical ) when the data on the two inputs has been exact

complements for three or more cycles.

A} Give a block diagram of an implementation of such machine using M5I
L{ components: Registers, Counters, Flip-flops, Decoders, Multiplexers,
Adders, Comparators, etc. Choose & strafght«forward approsch; no need

to go inte any details,

B) Draw a minimum state diagram as a formal problem description for the

;ifﬁabuve machine. Clearly indicate the significance of each state and

@)) @b@emmwzgﬂiﬁéﬁ c.a-[ l ac‘\ okt at He l::oéx&vm’

&;#1 -' - ;m‘aa,q Qat e Q {;7_ " MEB
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(::::3}¢:ﬂ— \VVQtAE: EEchlx AﬂfrAJL GAR %i& E&dfMLLS
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104 20

Proulem 3
r g Ainutes

lo(o

You are to design an asynchronous building block component for a hardware
stack. The reusable component implements a single alement of the stack. On
PUSH, 1t read5 data from the cell on its right and passes its current data to
the cell on its left. POP moves data fn the opposite direction.
By asynchronous, we mean that each element may have {ts own internal ¢lock, but
‘that the system as a whole has no g!obgl clock. Further, PUSH and POP signals
cannot be distributed globally.

1) Draw a black box diagram of the basic element, indicating all data and

control signals it needs.

. 2} Sketch the state diagram from implementing the PUSH function.
v 3) Show a timing diagram for typical PUSH operations,
4) Describe how you would deal with an empty stack (underflow) or a full

stack (overflow).

{fﬁiﬂe‘ ﬂthlif
PUSH (o) pus e g
L il Y BNy &Q
P‘QR“?UBHI“" ACK#PU$¢?" o
DATA, PATAL ’ "3"\
Pofian .‘ AP:: : Pa P
Atk-PoP; | +
Maqu-;i:ltm

W
ow’iv‘ ﬂ'l;fwwm :'(mm&. iayth L’M A Quw':"ﬂ.
Lmall»ﬁ\t«j& f:hc-'{t'.‘:;cl:vc (G'-L:-L‘;bﬁ&c( (1.12/1,)

. On («w«?ﬂ » Trwin % ':tz‘;,av.‘.f}m‘:,lvim T Ll (i) ’6"'3(?“4-"
act&f‘t‘-""% rews Aoda --E‘-,:..\ “‘vigw}‘:'!{ {i-1) | -

e on [‘)01:, ‘-LMSLJ -’f':; h.’.‘{,ﬂu,{o_;\_ C)ﬂ:’{ﬂ ,7‘,, \.-li‘.‘;\'&"( (:C *‘\ (.'T\ .c’:‘. \

ﬂvc-c‘i‘f:?*“:*g VL Jufl‘lﬂ '{".Ci“):\ e{c .f'( {",,Jr.
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Preylem 3
30 Minutes
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104 v,

Problem 5
10 Minutes

\O

INTESER ARITHMETIC
A) wWhat is the key difference beiween restoring and non-restoring

division?

Given this portion of a simple data path and assuming non-negative

operands: *"mnmmmwj§
A a0 D

N/

ALY

B) Is Restoring or Non-Restoring faster?

£} Give an equation showing how much faster it is.

State your assumptions.

Y T2 Y2 d»-wg{-ﬂ-m--m b Ay \‘.rw) ‘tl’-ﬂtﬂds headl, < v cage
e Ao
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o Qe W edded. M"‘é e A
feck
. : AlA-0) 40D ¢ 28 -
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Problem 4
20 Minutes
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Problem # 104 57
. 20 Minutes AZ g?a

.

1@

Given following circuit:

[T 3

Iﬂ**-—,

Q\ng m
*‘ﬁ. -
B PQ“" Avy .-Ji'\'v‘ ﬁ?—“-" "

A. Wnat is the function of the above c¢ircuit? cs¢9A-ha o et u#¥~ga¢ak o

Dut

Lt |

B, Sketch the output waveform for following clock and In signals: '*5 Pyl g o)

- v 1 - e ' _{l
Suppose that the delay of all logic elements is identical and flpfiop
equak. to one time unit. Assume Qut is initially low.
.....-uﬁnn-nl L] - kb } i A ' + A » 1) ' . i ’ i

Ao ﬁ.k

%

In ) l////
- i i i " . » 4 v - & b & A . ] [} ] ' ) I S

PUT e v e

C. Explain the abnormal behavior of the circuit.
How can this be avoided?
Radasign the circuit so that these effects disappear.
“Ths:. ™ £ ‘p- (‘lu\i D.m,.'z PR T"“‘“‘" TR W tmf, —&L!mdk wajng \/
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Problem 6 wi \ /
10 Minutes

O

MICROPROGRAMMING

/ A) #hat 15 the key reason for using a two level control store?

=2 MinckioctioNs S‘auwe&. “-ar pw'»-f TRguewes
4 be stered mw\v sece  in Al Secown d «-—\w_u&,\_ Conkol
ttate. The weotba ot ‘Neae  Gordy vevg\ \ owd\ e Aﬁ‘{-"f W
C:»{‘ “\wg. S (© & & \Ew{\ o W - Qma\\E\.’ Aan tleg cque'-“f-.fclu“‘j
B) Suppose you are builﬁi%g a microprogrammed computer and the only Aguq.-iﬁ:

memory chips available are 4096 word by 1 bit chips. A trial one ';# 'r"-l'

level design requires 4096 by 100 bits {100 chips). Given this

situation, in what circumstances (if any) would a two-Tevel control

/ store design be superior?
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i T

Given only two cnmponént types:
A. 2-1npq§m§95w22353J
B. tri-state bus drivers,
but as many as you Yike, show a hardware design for 2 32-Bit Processor
with following instruction set:
sub (x): AC €= AC - m{x)
stor (x) m{x} € AC
branch {x): IF AC> O THER PL 4= X.

A large part of your score for this problem will depend upon your
grganization and neatness in presenting 2 solution. Use hierarchical
descriptions. Use good engineering design practice in your decisions,
If an assumption is needed, make the simplest assumption and state

c¢learly what it is.

AGAIN: BE WELL ORGARIZED AND NEAT!
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FALL 1988 -
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Compuler Science
University of California
Berkeley CA 84720

Your number;

Score:

Hardware Preliminary Examination 18 September 1888

INSTRUCTIONS

. This is 2 closed everything exam. Do not have anything near you except
this examinalion, pencils (or pens), rulers, templates or erasers.
(Caloulators, scratch paper, etc, may pot be brought o the

examination.) Use the back pages of the exam for scratch paper. Hf you
need more scra‘ch paper, it musi be obtained from the exarm proctor.
Try io leave an emptly seat between you and your neighbors.

. The exam will last exactly 3 hours (180 min.}. Late exams will not be
accepled.

. The exam has a total of 180 points {(~ one point per estimated minute
to be spent on each problem).

. i you have a question, raise your hand, Check the blackboard for exam
updates, typo fixes, etc.

. Be sure 1o put your answers nside the boxes provided for that purpose.
. Write neatly. Be well orpanized.

. State gl assumptions.

. Try to do the easy (for you) problems first,

. Show your work, In the case of an incorrect answer partial credit may
be given,
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Page 1 of 4 pages. Your number:
robhlem #1 in

Note: The notations x' and X are equivalent.

a) State DeMorgan's Theorem for two variables A and B:

b) Prove a).

¢} Simplify the follpwing using algebraic operations:
Show your steps.

N (A+B)(A+C)
answer

(

iy (AB' + A'B + ABY answer

¢
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Page 2 of 4 pages Your number;
Problem #1

d) Use a Karnaugh map to simplify the following:
ABCD + ABC'D' + A‘ECD‘+ A'B'CD+ ABCD + ABCD' + ABGD‘+ AECD |

AB

gnswer

(ﬂﬁp

CD

e) Given the following truth table with d representing the
“don't care” condition, write a simplified function using &
Karnaugh map:

AB
ABGW ‘‘‘‘‘ A
00 |d
O 01 d
010 }d ¢
011 d
100 )1
1 0 1 d
11010
191 0 answer

( £
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Page 3 of 4 pages Your number:
Problem #1

f) Given the following truth table:

>
w3
O

B - -~ -~
- ek Y ek -2 0D

- A - O

Write F im:

i) sum of products form:

answer

(

iiy product of sums form:

answer

(
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Page 4 of 4 pages Your number:
Problem #1

g) Draw a circuit using only 2-input NAND gates to implement
AB + BC+ AC:
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Your number.___. ...
Page 1 of 7 pages
Problem #2 (15 points})

a) Your are given two circuit elements, a resistor and a switeh, and
and two power rails, VDD and GND called 1 and 0, respectively.

a 4

resistor: Switch: z __‘

or
-

power rails
:l viddei W___gnduo

The circuit elements function as follows: W
Switch: if terminal z is connected to 1 then x is connected to y.

Resistor: if terminal a is connected to 1 (or 0) then terminal b
is forced to 1 (or 0). The switch is stronger than the resistor &
wing in any conflicts.

Show & circuit for each of the following. You may use as many
elements as needed, but try to minimize the number of elements
in each circuit,

inverter /I/
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Page 2 of 7 pages Your number.
Problem #2

2- input
NAND gate

>_........
—
>....._...

NOR gate 4/

2-input

>_.._..._
—
>_.......

1593




Page 3 of 7 pages Your number:
Problem #2

2-input
AND gate
R
2-input
exclusive-NOR
gate

[
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Page 4 of 7 pages
FProblem #2

2x1

Your number:

f

multipiexer

AND/OR/NOT (ab + cd)’
gate

[T1
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Page 5 of 7 pages Your number. .. ..
Problem #2

b} Now assume that instead of a resistor, you are given another

switch with the following function: y

=
Y

if terminal Z is connected to 0 then X is connected to Y

Show a minimal circuit for each of the following. Again, try to
minimize the number of elements in each circuit.:

Inverter /(
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Page 6 of 7 pages Your number:
Problem #2

2-input . /(

NAND gate

p S—
) S—

D-type
Hip/Hiop

7 —
>‘_~.- .
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Page 7 of 7 pages Your number:
Problem #2

2 x 1 /]/

multiplexer

AR
L

2«input
exclusive-NOR
gate

>.........
——
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Page 1 o 7 page Your number:
Problem #3 (40 points)

A. Show a repister-leve! diagram of & Mealy FSM (Finite State Machine).

B. When should 2 Mealy machine be used?
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Page 2 of 7 pages Your number:
Problem #3

C. Contrast the relative advantages and disadvantages of a Mealy vs. &
Moore machine, ' o ‘ : L

ADVANTAGES DISADVANTAGES

160



Page 3 of 7 pages Your nurnber.
Problem #3

D. A vending machine accepis nickels and quarters and dispenses two
products X & Y and change in nickels. X costs 15¢ and ¥ costs 10¢.

There are five switches. Two sense the passage of guarters and
nickels to the ¢oin box. Two are push butions the customer uses

to selec! the desired product. One senseg the passage of each

nicke! dispensed as change, There are three magnets. One to release
nickels for change and two to release products X & Y. There are

two power supplies: +5v.dc and a 12 volts AC at 60Hz. Desigh a
complete circuit {controller) fo control the vending machine.

You may employ diotes, master-slave flip-fiops, power operational
amplifiers, gales and PLA's. You are required to use & Moore FEM

for this controller

iy Show & block diagram of your maching
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Page 4 of 7 pages Your number:
Problern #3

ii) Show a state diagram of your controller,




Page 5 of 7 pages Your number;

Problem #3

i) Show a nexi-state transition and outpul truth table.
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Page 6 of 7 pages Your number:
Problem #3

iv) Show the relevant Boolean equations for your controlier.
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Page 7 of 7 pages Your number:
Problem &3

v} Show the circult diagram of your controller. Be sure to use a PLA
to implement the main FSM.
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Page 1 of 4 pages Your number:
roblem #4 in

Your are given four 4-bit numbers in read-only registers x1, x2, x3,

and x4, along with a supply of parts. Each part has a price in dollars (§)

and a propagation delay in nanoseconds (ns). You may use as many of each
part as you need. The four numbers are in unsigned fractional representation

Part Symbol Price Detay Notes
(A -
- Al normalization &
multiplier rounding 18 done within
_x_ tha multiplisr,
6 10

r
read/write
register bits ! % +
e

W T v 0.1 per bit 1 tlk is & load signal. You
* # # do net need 10 show &
cirguit 1o drive ok,

counter bits

clk —» € Tt 0.1 per bit 1 per bit ¢k is & clock signal, as
# * # with the register you do
not nesd lo show a eircuit
1o drive clk,

The total delay for &
2x1 Multiplexer counter is tns X # of bils.
A
0 1 & is the salect input, you
g not nead 10 show a
gircuil to ganerate &

inverter
—DO—- 0.1 1

Your can asume that the register & counter bits start off
initialized to all zeros,
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Page 2 of 4 pages Your number;
Problem #4

a) Draw a cirguit that will multiply the four numbers in minimal
time. The result need not be latched. What is the time if the circult
were extended to handie N 4-bit numbers? What is the price in each
case?

Price for N:

(

Price for four:

(

Time for four:

(

Time for N:

(

N A N W S N
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page 3 of 4 pages Your number:
Problem #4

b) Draw a circuit that will multiply the four numbers at a minimal
price. Show the prices & times for the four numbers and if the
circuit where exlended to handle N 4-bit numbers.

Price for four:

(

Price for N:

(

Time for four:

)

Y
( )

)

. Time for N:

(
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page 4 of 4 pages Your number:
Problem #4

) Now assume that sach nanosecond of delay costs $.05. What is
the combined cost {cos! due to price PLUS cost due fo delay time)
of your answer in a) & b) for four numbers?

combined cost of a): ( )
combined cost of b): ( J

Is there a circuit for four numbers that has less cost, under
this measure?

Draw the circuil:

combined cost; ( )
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Page 1 of 4 pages Your number:

a) Convert the following from dacﬁimal
to 8-bit two's complement form:

| Vot LR
5, - (] )

b) Convert the following from two's complement
to decimal:

= 11100001, = ( J

¢} Convert from decima! fo two's complement fixed point:

O.SSBQEW " ( )




Page 2 of 4 pages Your number:

Problem #5

d) Multiply the following two’s complement integers.
Show all partial products. Show an 8-bit result;

1011
X1001

answer

(
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Page 3 of 4 pages Your number:
Problem #5

e) Consider two 4-bit two's complement fractional numbers in the
following from: 8. X X X (sign-bit, followed by the binary point,
followed by three {raction bits), multiply the two numbers.
Show all partia! products. Express your result in the same
form, i.e. 8. X X X, using

i) truncation: [ )
i) rounding: [ )

0.010
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Page 4 of 4 papes Your number:
Problem #5

f) Consider two normalized floating-point number systems,
NS1 and N52.

NS1 hes four bits of unsigned fractional mantissa in radix-2,
ang two bils of unsigned exponeni.

NS2 has four bits of unsigned {ractional mantissa orpanized
2t two radix-4 dighs, and two bits of unsigned exponent.

Fill in the following table for each system:

NS 1 NG 2

smallest mantissa

largest mantissa

largest exponent

largest representable valve

number of fractions

number of exponents

number of valves
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Page 1 of 10 pages Your number:

roblam # in

You sre to design a computer. It is:

a) a very simple, von Neumann machine

b} fully synchronous, with single gycle memory

c) 16 bits per word ‘

dj to be constructed of ONLY NAND gates, of arbitrary fan-in and
fan-out,

g) 2's complement arithmetic

You are to describe your design "top-down',

The complete instruction set is:

Instruction Format Semantics
SUB A 00 A AL - AC - M[A]
STORE A 01 A MIA] ®-AC
ADD A AC<—AC + M{A]
11 A
BRN # AC20 then branch t0
10 A address A,

Note: Put all your answers only in the spaces provided.
Be neat! You can work (scratch) on the back of the pages.
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Page 2 of 10 pages Your number.

Froblem #6

A. Describe the basic components (flip-flops, etc) of the computer in
terms of NAND gates.




Page 3 of 10 pages Your number:
Problem #6

B. Draw a register diagram of the computer.
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Page 4 of 10 pages Your number:

Problem #6

¢. Draw a state diagram of the computer.
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Page 5 of 10 pages Your number:
Problem #6

D. Draw a circuit of the ALU of the computer.

i) ALU in terms of "bit-slices™

i) Truth Table of a one-bit ALU slice:
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Page 6 of 10 pages Your number;
Froblem #B

i} Karnaugh Map of a one-bit ALU Slice:

179



Page 7 of 10 pages Your number:

Problem #6
iv) NAND GATE (only) circuit of ALU Bit Slice:
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Page B of 10 pages Your number:
Probiem #6

E. Given your state diagram and register diagram, show a complefe circuit
diagram of your eontrol unit, You must identify and design all aspects
of the contro! including the identification of the control regisier and
its implementation in NAND gates. Carefully organize your work and
employ and show all truth fables, K-maps, elc. as needed. Be orpanized

anc neat!

i) Label all the inputs and outpul to your control unit:

18}



Page 9 of 10 pages Your number:
Problem #6

iiy Control Unit Register Diagram

182



Page 10 of 10 pages: Your number:

- Problem #6

i) Control Unit Truth Table

183



N A L
Your number:_:é,_}"m o

Note: The notations x' and X are equivalent.

} State De organ's Thacram fur variables A and B:
M juniig —
@ (Avg) = A "5/, Ang = AVE v

b) Prove a). Troth Lable

(@)

¢) Simplify the following using algebraic operations:
Show your steps.

) (A+B)(A+C)

answar
AA +A8+4cC 48C ( A+EC )
| At Ab+Ac +BC
L A(tatc) +8< L
A+AC
i) (AB' + A'B + ABY answer
AT tas4Af (s )

@ (37)/75)[7) - -

@“{ﬁ)(ﬁ #)(ate) = Cfm +98+ AR4 § }(ﬁ’r .

L (4BtAE (ot
= (#aBtA08+ A5 ATG) = AgtaB+ 0+0 = A



!

iage £ of 4 pages ) Your niﬁnber: ,3,3

Croblem #1

d) Use a Karnaugh map to simplity the following:
ABCD + AB'C'D' + ABC'D' + AB'C'D + ABC'D + ABCD' + AR'CD' + AB'CD

AB AC+4 T
0o of Il Lo
oo|[L | 1)
1

Y
¢

0
Y
T

==

O
Olo

=
P

g} Given the following truth fable with d representing the
"don't care® condition, write a simplified function using a
Karnaugh map:

AB .
ABC | Qo ol M __[2 b
00 d 1 -
001 |d 0{’(\“9[(‘]0@:-
~— 010 1{d c ol ‘/
{,.)/ 011 |d )MM\O b(__,
100 |1 :
101 }d
11010 -
111140 answer
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Page 3 of 4 pages Your numbar:_gs_..

Probtem #1

) Giv i uth table:

) Given the following truth table /95 | J—
ABC |F \N0¢ ol [yt
00010 oy 1/
oot © )QQ/}C;C%E?//W))
0t1]0 "“""‘-—
100 |1 e -
101 |1 cg’-,t,t}g_;.p‘c
110 |1
11110

Write F in: (A +B+C§(F~é€)

[} sum of products form:

e

answer

(UFM“E MCJ

W) product of sums form:

((F} M\bc)[ﬁff))
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Page 4 of 4 pages Your number: 9 3
Problem #1

g) Draw a circuit using only 2-input NAND gates to implement
AB + BC+ AC:
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‘ 4
e e e - Your number:_?zi_

Page 1 of 7 pages .
Problem #2 (1§ points) 2

a) Your are given two circuit elements, a resistor and a switch, and
and two powaer rails, VDD and GND called 1 and 0, respectively.

a X

resistor: Switch:. :: 2 __‘

power rails
: i vddw1 mmgndmﬂ

The circuit elaments function as follows:

Switch: it terminal z is connected to 1 then x is connected to y.

Rosistor: if terminal a is connected to 1 (or 0} then terminal b
is forced to 1 (or 0). The switch is stronger than the resistor &
wins in any conflicts,

Show a circuit for each of the following., You may use as many
elements as needed, but try to minimize the number of elements
in each circuit.

inverter 4/
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Page 2 of 7 pages - Your number: 32‘

Problem #2

2- input
NAND gate

i

189
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Page 3 of 7 pages e Yaur niumboar: zg

Problem #2

2-input
AND gats

[1

2-input
exclusive-NOR
gate

>—

190



Page 4 of 7 pages
Problem #2

2x1

)

Your number; 33

multiplexer

AND/OR/NOT (ab + cd)’
gate . .
A >_.,[
B ) S—
oy S—
 >—

19
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Page 6 of 7 pages = Your number, 93
Problem #2

2-input
NAND gate

@

>——]
>—

D-type
flip/flop

CcLk

N
N

D

N

192



Page % of 7 pages Your m.,;mbar: 33
Problem #2

b) Now assume that instead of a resistor, you are given another

switch with the following function: .

=

o

if terminal Z is connected to O then X is connected to Y

Show a minima! circuit for each of the following. Again, try to
minimize the number of elements in each circuit.:

Inverter ,(

>—q r““)

\(gg guodt_b '(""ﬁde
Not VTR RESETERS

—L
- & 3"
1% SEEMS TWE  EqAM
PATER. Dok NeT wpd€
CoRRY ¢z QUENCE,
yL BLREC PsY-
193 \
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Page 7 of 7 pages
Problam #2

2% 1
mulitiplexar

¥
Your number;

S

AV ARV 4

2-input
exclusive-NOR
gate

ol
. ©
B! e

7
e
bran
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Page 1 of 7 page /) Your number: 33
' Problem #3 {40 poinis) /5

A. Show a register-level diagram of a Mealy FSM (Finite State Machine).

Doutpvts

B. When should a Mealy machine be used?

When  Mov weat €3 Mininjte Stétes
needtd €5 acwd mplich  pour gpf-\.// -~

mpbf;f "JEQOL t2 be fairfly Seddlc QWM“ 3
sutpets need t be Fsirly
Tosensjtid ¥s 9litehes, X
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Page 2 of 7 pages Yout number: ,3 3

Problem #3
C. Contrast the relative advantages and disadvantages of a Mealy vs. a e
Moore machine. ‘5
VIEgLy WA CHINE
ADVANTAGES & ) DISADVANTAGES
Less staees 0"(’/”/69;“3
' Mire s¢sble ™
heeded -

& Mpopre maching
P

Lo?;hcf may be ,9—7[-/7-/"709‘”{# 4,//!.5"/5
Bagger ([esslogre g/ftci))% b #

he ta[ct{,) _ i ) LES -
more oVtrvt f/“w//e’r 01‘51“9!7 |
Comb in & tibns N, A Mpire
-~ -
Perhers we winkg ﬁ
the p Utpiks to c:/mnge, mone Vﬁ/!*é/t
based pn the ynsets for Mpvre

(.0, hare thenm 4nie
Pkﬁ,{-&- 't’&ﬂ,ﬂ FEC}RPC"‘
clyeh r‘wH') L~
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Page 3 of 7 pages Your number, 3 ,3

Problem #3

BD. A vending machine accepts nickels and quarters and dispenses two
products X & Y and change in nickels. X costs 15¢ and Y costs 10¢.

There are five switches. Two sense the passage of quarters and
nickels to the coin box. Two are push buttons the customer uses

to select the desired product. One senses the passage of sach

nickel dispensed as change. There are three magnets. One to release
nickels for change and two to release products X & Y. There are

two power supplies: +bv.de and a 12 volts AC at 60Hz. Design a
complete circuit (controller) to control the vending machine,

You may employ diodes, master-slave flip-flops, power operational
amplifiers, gates and PLA's. You are requred to use a Moore FSM —
for this controlier

iy Show a block diagram of your machine

NI A o [
fo
%,Uf-.f-\;ff" R—— CO,’{,M’ h Cl-f H.I &
Iy &:lch*% _,_} [im._._

S — ;o

[ pegne ey —
?-etbiq d Tov

Con tfa
7 %

FE's | —,433
__.,4,;_,
r — |

197




Page 4 of 7 pages Your number: 33
Problem #3 | /

i} Show a state diagram of your controller.

g *EiFal, .

< Migaers Feady

h f\f"f&"zfz;b

e e

Y00/

%9
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Fage 5 of 7 pages —- i —— - - Your number: ?’$

Combo Frr @4 3¢ 108, 178, 20d,05¢, 349
iii) Show a next-state transition and outpuz truth tablg

‘Q*T)

x\’b’{é«' __L,. MPV | hicke X
0o 0 4he | X P\ﬂxéc N )
0o 44c \Y*ij 0/%&: 10 219
‘m\e Abo |hThel aLe @-éc:%i) 0 /0 04

ab ¢ {rsu- ide (MwS) AN
e Jorgs s m ng T 7
%f R ey e /B R

re a 0 -
ol 017 _|77"% io_; ofo 19 e 1ol
0l 0lo | & J0s 099 Jr‘““g s 1L
0

|
F

LQWOZ} K (Do ©oe

_'r ‘ R

( I D

WU@-«- &M ;&pb‘; d T
0
i ' ~

MJ ] ——

'_.lef.»“ 0.0 ° ¢ o O o
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Page & ot 7 pages o i 2|oe Your number: 2 3
Problem #3 ' . : :
2 u
—}-S— . Olgon 00 = of
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"iv) Show tha relevant ﬁoaiean equations fqr your controflar. /2 27)
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- Page 7 of 7 pages Your number. 3 3

- Problem #3

v) Show the circuit diagram of your controlier. Be sure to use a PLA
to implement the main FSM. \
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Page 1 of 4 pages T T Your number: (3 b—_

Problem #4 (30 goinis)

Your are given four 4-bit numbers in read-only registers x1, x2, x3,

and x4, along with a supply of parts. Each part has a price in dollars ($)

and a propagation delay in nanoseconds (ns). You may use as many of each
part as you need. The four numbers are in unsigned fractional representation

Part Symbol Price Delay Notes
« e ‘t‘ il' ' S - All normalization &
muitiplier rounding Is done within
_)(_ tha multiplier.
6 10

tnt

raad/write | % % &
register bits
g ik i T vt 0.1 per bit 1 elie Is a load signal, You
# # do not need to show &
é circuit 10 drive ¢k,

counter bits

ClK ~m C 0.1 per bit 1 per bit clkis & clock signal, as

¢ # # with the register you do
not need 10 show a clreuit

to drive gl
The total delay for a

2::1‘ Multiplexer counter is 1ns X & of bits,
0.1 1

& is the selact input, you
do nat nead to show &
Gircuit to generale 5.

i D -
nverter 0.1 1

Your can asume that the register & counter bits start off
initialized to all zeros.
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Page 2 of 4 pages o o Your number: 33
Problem #4

a) Draw a circuit that will multiply the four numbers in minimal @
time. The result need not be latched. What is the time if the circuit

were extended to handle N 4-bit numbers? What is the price in each
case?

& § )

fie MV, ¢he

Qs b mdi 16

[’ZJ%.N—[“ 1

L
(¢@==5y)

Price for four |
f-a (&=k ) e

Time for four:

(22 )

Time for N:

(lo(lw) )

23
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page 3 of 4 pages Yaur numbaer: 33

Problem #4
' b) Draw a circuit that will multiply the four numbers at a minimal

price. Show the prices & times for the four numbers and if the —
gircuit where od to handle N 4-bit numbers.

D o \& 7 (‘Hfr/he H’? Can be [ vadtal

TT dewnse w/ 3

e 2 Ay N ﬂ?,,n/

1edf + Arol+ol+2r¥0.l4 o)
té

“:" 013'{"'/%0.1-7‘01y
-~ 0. ¢+ o, Lf0 ¢

- [0+ 6
ﬁ. lo+1 2% Price for four:
” (7 )
l ‘5 Price for N:
"?:i"“ @, ¢4+ ?léyyh] J
”“f;'w Time for four:
* (z ¥ )

Time for N:

CEEED e
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page 4 of 4 pages Your number: 3 3
Problem #4

¢) Now assume that each nanosecond of delay costs $.05. What is
the combined cost (cost dus o price PLUS cost due to delay time)
of your answer in a) & b) for four numbers?

combined cost of a): ( )
combined cost of b); ( )

is there a circuit for four numbers that has less cost, under
this measure?

Draw the circuit: \

combined cost: ( )
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Page 1 of 4 pages (5 Your number; [
Problem #5 (20 points)

a) Convert the following from decimal
to 8-bit two's complement form:

sy - (Tomers O &

b} Convert the following from two's complement
to decimal:

11100001, -( —:s,% )
[ 4

¢} Convert from dacimal to two's complement fixed point:

065625 = ( . \/) 7
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Page 2 of 4 pages " Your number: I
Problemn #5
d) Multiply the following two's complement integers. ' 3
Show all partial products. Show an 8-bit result:
101 «!‘ Uotry Brethl  algoithm
x1001%
Qob ot ooy
1t o} | |
O BLo e
o101
etoop 4!
answer

( 01000ty \X
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Page 3 of 4 pages T Your number;__|
Problem #5

@) Consider two 4-bit two's complement fractional numbers in the !7[
following from: 8. X X X (sign-bit, followed by the binary point,
followed by three fraction bits), multiply the two numbers.

Show all partial products, Express your result in the same
form, i.e. 8. X X X, using

i) truncation: '
‘FL_."I‘LQ,M
i) rounding:
N .
L)

.0180

x--n (A Y
LI N A T O T Y o'
oo Do O
o001+ O
N

R08
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Page 4 of 4 pages
Problem #5

Your number;_ !

f

NSt has four bits of unsigned fractional mantissa in radix-2,
and two bits of unsigned exponent.

f) Consider two normalized floating-point number systems,
NS1 and NS2.

NE2 has four bits of unsigned fractional mantissa organized oK

as two radix-4 digits, and two bils of unsigned exponent:
@Wﬁ; no Mddim ot/

Fill in the following table for sach system:

NE1 NS 2
smallest mantissa 1000 20100
vy
largest mantissa 1ity 1)L
v l-“'.
largest exponent IR 14
largest representable value f’s.OX 13.¢rt:l.¢:s)<
NFes .
number of fractions 516 X b X
number of exponents VAR 4
number of valyes X 64 &4 7<
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Page 6 of 10 pages Your number: [
Problem #6

i) Karnaugh Map of a one-bit ALU Slice:

e oeehee

€ \ep o1 it 10

o , 1 Cs (a+b) C 4+ ab

\
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Page 7 of 10 pages Your number; {
Problem #6 '

iv) NAND GATE (only) circuit of ALU Bit Slice:

Ngmd gote onby  arvendl : b _&"&“&”/m,

oy

3

Pidn't Aot Long o (npf, k;'..ﬂ\uf) ehoamd |
Thas is 1/
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e Your nurmbaer: !

Page 8 of 10 pages
Problem #6

E. Given your state diagram and register diagram, show a complete circuit
‘diagram of your control unit. You must identify and design all aspecis
of the control including the identification of the control register and .
its implementation in NAND gates, Carefully organize your work and
employ and show all truth tables, K-maps, etc. as needed. Be organized

and neat!

i) Label ali the inputs and output to your control unit:

ACLis? ' ~ LHAd,

LR Conhpl L-MAR
well | L-Pe
Slodg o LA
e Redd /Sy
agseh b LR
" = } Mtk shabe

212
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Page 9 of 10 pages
Problem #6

i) Control Unit Register Diagram

}
Your number:

Cordnol wmdit pagohn lod  dlagrom:

Control et ACKIED
o EE
oots Uke (T T T%] ti
. m'{iq?
UYe blode diogrmomn levlud Uke _[ s
ACLITD
RSITY rRays

1

W

- - N ]
feapl L».zx}_w!\m. ROM for Frodh bolde shown
f % Em Mj ek pagl
U JL;M/SE Tne PC
11 \Luu ) "-’-‘Q;,h
Wr LY N
Jmt LHA{\,LTHWM\THW LoPL El.dﬂ"
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University of Cafifornia, Dept. EECS

HAHRDWARE PRELIM EXAM
Spring 1988

Youur code namber.

General Instrugtions:

The exam lasts 3 hours = 180 minutes.

The exam has 12 pages.

Do all your work on these exam papers; use backsides if necessary.

Read the problem statements carefully, at least twice.

You shouid not need to ask questions.

i something seems unclear, state your assumptions,

The indicated points give you an idea how long a problem should take (minutes).
There are 10 problems adding up te 200 points, 50 you have some choice.
Completing 180 poinis is considerd a “perfect 107

T PN |
¢ ant ‘{ 655%3#?!
por e
o

Geo for it, Sidney! You've got itl You've get il
Good hands! Don't choka!

MISTAR BOFFO, by Joe Mortin

\ NOMBER ONE oM
T GF WAYS
ool NOT TY
M
W,

EAT

f
i 1
.
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Hardware Prelim Spring 1989 Page 1

3 Balow is the state diagram of a clocked MEALY machine. The notation {in}/{Out}
on tha transition arrows indicates how the machine’s outputs {Out} react to a
given set of inputs {In} while the maching is in the stata from which the arow
emerges. The arrow itself indicates the transition taken by the machine if the
clock occurs while the set of inputs is {In}.
Using the given state assignment and the given PROM structure, design a
MEALY-typa controllar with D-type registers of suitable size. Show a block
diagram of your controller, List contents of the PROM as far as itis used.

- (15min)

Lo
iy xz

T boad

e WG ATES FIZED COMNECTION

Figure 1. PROM Array Structure

218



Hardwara Prelim Spring 1989 Page 2

Convert this MEALY diagram {same notation as in problem 1) into the simplest
equivalent MOORE machine stale diagram.

(10 min} |

1x/0

0o




Hardware Pralim Spring 1989 Page 3

To make sali-checking possible, fault-tolerant systems sometimes use “dual-rail”
ancoding in which every bit uses two lines and is represented with complimantary

values on these lines. Thus each bit is encaded on the two lines as follows:
01 represents FALSE; 10 represents TRUE; '
tha remaining two codes {00 and 11) are illegal and indicate soma erraf.
Assume that such an 8-bit dual-rait word is stored in a 16-bit register. Your task is
1o construct a fast dual-rail code checker for 8-bit parallel data, using anly 2-input
NAND gates. The cutput of this code checker should be one of the legal outputs
{01 or 10) if all input bits are legal complementary values. if there is a single error,
the output should be one of the Illegal codes. Ignere myltiple emors. o
Use good hierarchical design techniques and construct: S
first & fast code checker macro block for two dual-rail bits having not more than
3 gate delays; '
then use this macro block to build the 8-bit checkar.

(20 min)
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" Hardware Prelim Spring 1989 Page 4

1 Qﬁm\mns

ol \,_ . Time
0 4 — 8 msec

What is the dissipated power if the above {sine)-waveform is applied
continuously to a microchip with an internal resistance of 20 Ohms ?

(10min}

What is the temperature of the microchip if it is encapsulated in a plastic
package with thermal resistance of 100 degrees Celsius per Watt, if we
assurme that the surrounding room temperature is 20 degrees Celsius ?

{You probably have never heard of thermal resistance” ... (4min}
But don't panic | Use some commaon Sense: how does the heat

generated by the circuit get dissipated ? Then look at the dimension of

the thermal resistance and do logical simple calculation.)
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Hardware Prelim Spring 1989 Page 5

Dr. X owns two Magintosh I computers that each need 4 memory boards in order o
function. Both computers individually seem todevelop a hardware problam that

indicates that one of the boards in each machine is bad. Dr. X decides to combing
boards from both computers to obtain at least ane operational computer. '
He rips out all B boards and puts them onto a big unordered pile.

a) Ut. X picks four boards from this prie, insens them into one of the
two computers and boots the machine. -'

Dr. X's chances of hitting a working combination on his first try ?

b) Could Dr. X have done better if he had not scrambled the boards coming from
the two computers 7 Whal strategy leads to the best pdds of getting a working
computer on the first try, if Dr. X turns on only one computer ?

Assuming that there are exactly two bad boards in this pile, what are : (10min)
. |

What ara those chances ?

[ 10rmin)

¢} Since it takes a significant amount of time for the MacIntosh to complete the boot
rocess, s there an even better strategy that works in parallel with both computers ?

What are now the chances that either computer works on'the first try 7

After haw many “boot delays™ Is Dr. X guaranteed to have one
waorking computar ?

 10min)
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* ardware Prefim Spring 19898 Page &

Considar 4 ways 10 provide a subroutine cafl capability within an instruction set:
#1: The PC canbe loaded from or copiad into any general-purpose register.

There is no other way 10 access the PC except through sequential gxecution of
conventional JUMP instructions.

#2: A hardware stack ot fixed length is provided in which the current PC is
jogically the top of stack. A new PC value can be set by a PUSH while a
previously stacked value can be restored by a POP. Excepl for the top of stack,
no other elements can be accessed. A “stack-full” signa! is available.

#3: Asin §2, exceptihe hottom of the stack is accessible through a register
named Q. Values in Q can be copied to / from memory Lsing conventional
register loadrstore instructions.

#4- The PC is saved in meémoty location 4 on every CALL, and restored from
memory tocation 4 during RETURN,

For each technique answer the following questions:

(a) Describe all actions necessary 10 manipulate PC values to effect subroutine
calls and returns. Consider nonreentrant, regntrant, and recursive
routings. I the implementation requires software suppott, mention in your
description the activities relegated 1o the soitware.

(b} Are any restrictions imposed on potential subrouting structures by the option
peing discussed ? Wwhat are they 7

(¢) Discuss one advaniage and one disadvantage of the option.

(24 min)
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Hardwatre Prelim Spring 1889 Page 8

™1 Design a synchronous MEALY machina that takes a serial bit-stream {rmsh first) of
a number of undetermined langth and seriaily outputs 2 binary number
representing the inpul divided by 5 using the normal “ong division", i.e. the output
is the number seen so far div 5. (WINT; use remainder as a state ... )
The process stars from a resel state. When the reset input gignal becomesTRUE,
the output bit stream terminates and the machine returns to the resel state.

(msb  one word )
input 1 {0 (0 §1 {1 _+ 0
EXAMPLE:
output o lo {0 1 |1 0
reset 1
aelime
Draw a minimum state diagram, using the same notation as in problem 1.
{15 min}

223



Hardware Pralim Spring 1989 Page 9

g |Assume that you have 2 bus-connected assembly of an adder and four ragisters
as shown below. All registers are positive edge triggered, and registers tand A

have tri-state output. All busses are 8 bits wide.

You want to multiply by 6 a number | that you set with the toggle switchas
attached to the input register |, and then display the rasult on the LEDs attached
1o the output register O. |

Specify a minimat sequence of appropriate operations for the control signals cf
(=clock input) and 0@ (=output enable) by completing the timing diagram below.
Assume that the input switches have already been set for the input number {i).

msh

O

() Q

92T YT YY)

ot R TR R T SN R

ci ow® ol ¢l oe cl

sot switches

Il

boe

Rt

Axcl

Aoe

O:ct . g iME

(25emin)



yrdware Prelim Spring 1988

Page 10
9
J 0 J 0 J O
FF#0 FF#1 FF#2
Sk, Q K . Q H7K L Q

Clock _‘?.— —AT“— —_T——

Timing Analysis:

a) Alifiipflops have & maximum delay of 60ns, a minimum delay of 30ns,
a setup tima of 10ns, and a hold time of 10ns.

The AND gate has a maximum delay of 10ns and a minimurm detay of 5ns.

What is the maximum clock frequency at which the circuit can be operated

properly 7 Give a simple liming diagram 1o justity your answetr.

(7min)
b} Assume the same specs as in (a) above. i FF#0 and FF#1 are clocked
simultaneously, what is the maximum clock skew {before () and alter {+) ) for
FE#2 for correct operation at 10 MHz 7 Again show a simple liming diagram.
(‘ll}min)



Wardwara Pralim Spring 1588 Page 11

Design a synchronous First-in-First-Out Buffer (FIFO), with 1k characters of 8 bits

10] Jach. When tha FIFQ is not empty, data s dumped at the rate of 10

characters/sec with no hand-shaking. Tha FIFO butfer should accept input until the
interna! buffer is full, then assert the NOT_READY output back to the computer.
Handshaking on input consists of NEW_DATA_READY to FIFQ, and ACK back to
the source.

DATA-IN (0..7) ™= fmmsaE>ATA_OUT (0.7)
NEW_DATA_READY ™ |  FIFO
ACK ™= ®nATA_QUT_STROBE

NOT_READY ™| -

a) Give a block diagram implementation ot such a device using MSI components:
Registers, Counters, FiipFlops, Multiplexors, Adders, Comparators, elg, anda 1k
RAM. Choose a straight-forward approach; no neged 10 be fancy or o go into

any detalls, 8.g., you may just show ona block for a “control FSM™, .
{18 min)

DATA (0..7)

RAM

ADRS{0..9)

og—yE



Hardware Prelim Spring 1989 Page 12

b) Show a timing diagram for the external FIFO signals for normal operation

{ 1060M | and when the FIFQ is just getting full

( 10 min)

c) Describe how you detect overflow and underflow.
{2 min)
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Hardwara Prelim Spfing 1989 | Page 1

Balow is tha state diagram of a clocked MEALY machine. The notation {In}/{Out}
on the transition arrows indicates how the machine's outputs {Qut} reactto a
givan set of inputs {In} while the machine is in the state from which the amow
emarges. The arrow itself indicates the transition taken by the machine if the
clock ocours while the set of inputs is {in}.

Using the given state assignment and the given PROM structure, design a
MEALY-type contrallar with D-type registers of suitabte size. Show a block
diagram of your controller. List contents of the PROM as far as it is used.

{15 min)

10 ( /

L.
-~
T8

iﬁ?w’f‘

FIRED AMD
AREAY

e dorit reed O, )

£ NINCATES PROGALMMABLE CONNECTION A B

e MDEATES FINED CONKESTION

Figurs 1. FEOM Array Structurs
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Hardware Prelim Spring 1989 Page 2

2 Conven this MEALY diagram (same notation as in problem 1) into the simplest
equivalent MOORE machine state diagram.

1x%/0

(10 min)
oy

—_—

| | N -‘ | | . 'H*’— ol
: (So
< TG
; 7 | S Ubs (:V“?*: iﬂCiIlCﬂJﬂS

0 OU'FP vt
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Hardware Prelim Spring 1988 " Page3

3 To make self-checking possible, fault-tolerant systems sometimes use “dual-rail®
enceding in which every bit uses two lines and is represented with complimentary

valuaes on these lines, Thus each bit is encoded on the two lines as follows:

01 represents FALSE; 10 represents TRUE;

the remaining two codes (00 and 11) are :IIEQal and indicate sama arror.
Assuma that such an 8-bit duai-rail word is stored in a 16-bit regrstar Your task is
to construct a fast dual-rail code checker for 8-bit parallel data, using only 2-input
NAND gates. The output of this code checker should ba one of the legal cutputs -
(01 or 10} if all input bits are legal complementary values. If thereis a single error, |
the output should ba one of the ilfegal codes. ignore multiple arrom
Use good hierarchical design techniques and construct: . |

first a fast code checker nycm block for two dual-rail bits having nnt more than

gate delays,
thelTSe [his macro block 1o build the B-bit checkar.

’ET

230 / 4
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| e ——

L".. 104 vots

0 I, Time

0 4 8 msec

What is the dissipated power if the above (sine)-waveform is applied
continuously to & microchip with an internal resistance of 20 Ohms ?

e - VA
P:— iV q:: V‘tfrra | (10min) . |
j 2
i (son 2 +53 ) y
_mq-h__‘ C e e X
""'ﬂ(mo‘f‘rs) : 0 A A (.=

" e = i, e e s = et i
f
*
L

What is the temperature of the microchip if it is encapsulated in a plastic
package with thermal resistance of 100 degrees Celsius per Watt, if we

assume that the surrounding room temparature is 20 degrees Celsius ?
(You probably have never heard of thermal resistance” ... (4min)  °
But don't panic ! Use some common sense: how does the heat

generated by the circuit get dissipated 7 Then look at the dimension of

the thermal resistance and do logical simple calculation.)

AT = RP /
=720 + loOF whoe, PV
231 /:?z



Hardware Prelim Spring 1989 Fage 5

5 Dr. X owns two Macintosh I computers that each need 4 memory boards in prder to
tunction. Both computers individually seem to develop a hardware problem that

indicatas that one of the boards in each machine is bad. Dr. X decides tacombine

hoards from both computers to obtain at least one operational computer.

Ha rips out ail 8 boards and puts them onto a big unordered pila.

3y DX Ficks Tour boards Tram this pila, insaris ther e one of the
two computers and boots the machine.

s i sy

Assuming that there are exactly two bad boards in this pile, what are ;’/ 9
/]

Dr. X's chances of hitting a warking combination on his first try ? (10min)
O T A A T
o T4 8 2N (S )Y
Y
) Could Dr. X have done better if he had not scrambled the boards coming from
the two compulers 7 Whal strategy leads to the best odds of getting a warking
computer on the first try, if Dr. X turns on only one computar ?
Choose 2. b hum saths comy iR
. !
, 4 M/i'ﬁ.‘ﬁ
\ ";1{); -\\(,'-ZP_,« \.umk "%U‘;‘?
Cage gt
, 2 N ’ y
Q.)(L.;;ﬂ}’) ! 4 .
o T L (I‘ z i/ } .
What are those chances ? ( T "i)‘ < "5) g /L/ /L/  10min)

¢} Since it takes a significant amount of time far the Maclntosh to complete the boot

rocess, is there an aven better strategy that works in parallel with both compiters ?
¢ T B fi. 2ia 5 T Lorphiess
%ﬂ%ﬂ-‘; ! m A - WL\' MW?" “:..?” “:‘:},ﬁ?‘ E' WJ
Yo T gl

- e, A A, (,:ze;‘i's)" '5,, r
@-:’@ @’“Q , pnt wbs x il o =3,

L

[

T } I .
el T-éfb vé‘ W*Wf/%wﬂ*‘af*%w
' t«.‘LQ@
é‘"‘"ﬁ? ba, (37 Yoy 58 |
Wha?ﬂgﬁai' nc%e chanzga fat either corﬁpufgf works on the first try 7 / ;2-

After how many “boot delays” is Dr. X guaranteed to have ona Q
warking computer ?

(10min)

232

\j)



;"‘ Dr. X owns two Macintosh Il computers that each need 4 memory boards in order to
function. Both computers individually seem to develiop a hardware problem that
indicates that one of the boards in each machine is bad. Dr. X decides to combine
boards from both computers to obtain at least one operational computer.
Me rips out ali 8 boards and puts them onto a big
a) Dr. X picks four boards fram this piie, Insers them into one of the
two computers and boots the machine, -
Assuming that there are exactly two bad boards | pile, what are > _
Dr. X's chances of hitting a working combination on™is firstry ? A g K10min)
£
LY
(S-HT\ ASSenina_st 2 Out of ¥ ove k:o!‘v)
b) Could Dr. X have done beﬂ%r it he had not scrambled the boards coming from
the two computers 7 What strategy leads to the best odds of getting a working
computer on the first try, it Dr. X turns on only one computer ?
pull T eut _ﬁ&w computie & A L2
wf H femn sthan -
3 = 3z A
T S ,
.~ {Whatare those chances ? ' (10min)
L .~| c) Since it takes a significant amount of time for the Macintosh o complete the boot
/. process, is there an even better strategy that works in paralie! with both computers ?
- 'beﬁgg“’ 5{;\ ¢, swap 2 boardl 1o A ¢ faarsn has 2 of+he ot hoes)
s looot Poth T A A -
P r at 0 in .
U Al ol UG @ R
ER . 1 H N/_._MJ. ‘ - ! a:
T *;}D?ﬁil&& ‘n A & b+ "ﬁ yA ol
| A\ ¥ ﬁ'l W reL Y ‘
_ place S Bl G —— st adsrk, {2 ,__L.
%? What are now the chances that either computer works on the firsttry 7} 2- b
‘ After how many “boot delays™ is Dr. X guaranteed to have one .
. Q working computer ? 3 (10min)
0
& W 23 3 7 -
ol
-

Mardware Prelim Spring 1988 Page 5




Hardwara Prelim Spring 1989 Page b

Consider 4 ways to provide a subroutine call capability within an instruction set:
#1: The PC can be loaded from or copied into any general-purpose register. -
There is no other way o access the PC except through sequential execution of @\

conventional JUMP instructions. - 3

#2: A hardware stack of fixed length is provided in which the currant PCis
logically the top of stack. A new PG value can be set by a PUSH while &
previously stacked valug can be rastored by a POP, Except for the top of stack,
no other elements can be accessed. A “stack-full” signal Is available.

#3: Asin #2, except the bottom of the stack is accessible through a register
named Q. Values in Q can be copied to / from memory using conventional
register load/store instructions. :

#4: The PC is saved in memory location 4 on every CALL, and restored from
memory location 4 during RETURN.

For each technique answer the following questions:

(a) Describe all actions necessary ta manipulate PC values to effect subroutine
calls and returns. Consider nonreentrant, reentrant, and recursive
routines. M the implementation requires software suppon, mention in your
description the activities relegated to the software.

(b) Are any restrictions imposed on potential subrouting structures by the option
being discussed ? What are they ? ”

{c) Discuss one advantage and one disadvantage of the option.

(24 min)
#) o) comcrbant s 1 adwn Hayage wd/ rohre
call: shre pc e o0 & P&
0dd7 (B3} 2
. word'e (83
<P pL e Sub addr
ret s pc & word

TEE’W\J{TPH{/ Pu_:,‘h pc on slack

FaLuisivg “ c
cahe ven & ¢
% e

vet lp rea =
P;cp& fe.j 5

(b) e A Faea bhob we ik ‘
8l *f‘aemcirj:ﬂ'{ / wwﬁj% bt -\’655 i %’2%%
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Design a synchronous MEALY machine that takas a senial bit-stream (msb first) of
a number of undetermined length and serially outputs a binary number
representing the input divided by 5 using the normal long division”, .¢. the output
is the number seen so far div 5. (HINT: use remainder as a state ... )

The process starts from a reset state. When the resat input signal becomesTRUE,
tha output bit stream terminates and the machine returns to the reset stata.

- {msb -~ one word )
input i {0 |0 {1 {1 {0
EXAMPLE:
output o to (o0 31 {1 o
reset 1
p-lime
Draw a minimum state diagram, using the same notation as in problem 1. -
. - . (15 rmin)
J‘rﬁi—j 2. Lo+ H mahr oA b _S
1y ' 4

n " -

o 2ok raw (A ' - | '
0. remainder” doubes |
|+ emairder  Joubles F ncrem@rd-g

when  rem2 5 send 1 ebe O
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g |Assume that you have a bus-connacted assembly of an adder and four registers

as shown balow. All registers are positive edge triggered, and registers 1 and A
have tri-state output. All busses are 8 bits wide.

You want to multiply by 6 a number i that you set with the toggle switches
attached to the input register 1,.and then display the result on the LEDs attached
to the output ragister O.

Specify a minimal sequence of appropriate operations for the control signals cl
{=clock input) and oe (=output enable} by completing the timing diagram below.
Assume that the inpUt switches have already been set for the input number ().

msb

0.SSuME&

Recl edge Tt
Al
Aoe
Ol tima
(25min)
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J Q) ) QlSe (\_}*EJ a /,
FF#0 FERt | FR#2
+5K $Q' K . Q +57IK ?o'
? /-
CIOCK e H Y
o ‘ : . ” ‘v’f' "s
. ‘ L des ™
Timing Analysis: pesre A

a) All flipfiops have a maximum delay of 60ns, a minimum delay of 30ns,
a setup time of 10ns, and a hold time of 10ns.
The AND gate has a maximum delay of 10ns and a minimum delay of 5ns.

What is the maximum clock frequency at which the circuit can be operated e
properly ? Give a simple timing diagram to justify your answer, = | PPl R e
: : : . ; .4 ""l.t' , 4
[ C,("«'l-k ﬁ#vrfd h,u lf.f:f‘}',':«.e.. ,?, e X FJ;JLQ + [ .‘./ J {7emin) (
el T U RE Y S0 s wawx P, S
P S iS50 :
“_M__m___*_j‘/. - - T “_‘__:,f"
a . y 50
I - ““ ffpé’h-ﬂ‘ ‘ T .(2'5' fr‘,@‘._‘,:,
él':'JH‘a o ..ﬁ\'.'.‘l (,.4“‘ l _— #:’,J .
G’! e, - A - o _— ; B

/1245.

—— ;n\vl..«p -’p‘fm"
da‘ __,MMMJ":; x :'ﬁ% Mf

b) Assume the sar!w specs as in (a) above. if FF#0 and FE#1 are clocked
_simultaneously, what is the maximum clock skew (before (-) and after {+) ) for

FF#2 for cort rati MHz 7 Agam sh imple timing diagram, : 4
( Sr correct operation at10 wwm ple timing diagram. 3‘-{ o

Yo 3 e gk et = o2 oo

&“«‘”Q—’ N T 4% > l’”ﬂ‘ e (¢ 1omigy
. Y ‘ _ A

i;( Q ,? ? A X 2 o ‘-/}O@ wélcwf!%

- ? Y 05330 s

i Cﬁ‘?" Cf‘ kt oty T “"""‘H) e “;i*?ﬁiﬁ?
— e I S N (T A X o~ L mélﬂfj.ﬂf“.
st ¥ \ . -

— - B e ! T w,
(o - B c;:,\adﬁ"‘“g — U“Oj_{ - 60 ":“?-...#v’guy's )

g, T | A C '1"3‘ IJ?‘ "_"t (WF—_ - 3
Ta - - O ey —tg ke,
Uc u e - Y M Sw“, /I{(J ,Jl‘v} ‘H-T-f EIKIMMWM
L‘C;Ek | "‘_..,.--L iwgo_-,j m\‘ ] {w‘?.ﬁu‘)M "ﬂdtﬂ QL’} ‘ﬁ"o-’'"""""""""""-‘> L\Q\.L} '\,,_..,‘%?
=t — A i o =
[P — - . Q.......n-H’ - T’TVW
“:3 e — o i ';5-\.. \ { : - - b
b' | Mm_,_._,_lvw #»t} F’ "a,ﬂ..._“_i Jf"{‘f‘ U o
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' Design a synchronous First-in-Firgt-Ouwt Butter (FIFQ), with 1k characters ol 8 bits

.,

[

g o
pach. Whan the FIFQ is not empty, data is dumped at the rate of 10 <
characters/sec with no hand-shaking. The FIFQ butfer should accept input untii the

internal bufler is full, then assert the NOT _READY output back to the computer,

Handghaking on input consists of NEW_DATA_READY to FIFO, and ACK back to

the source:

DATA-IN (0..7) DATA_“OUT'(U:.‘?)L "
NEW_DATA_READY "t FIFO
ACK™® ' "DATA_OUT_STROBE

NOT_READY™ 1

a) Give a block diagram implementation of such a device using MS! companants:

Registers, Counters, FlipFlops, Multiplexors, Adders, Comparators, elc, anda 1k

RAM. Choose a straight-forward approach; no need to be fancy or to go into / L/

any details, .g., you may just show one block for a "control FaM". (418 min)
min

DATA . OUF

OATA I8 il A A e




Hardware Prelim Spring 1989

10cont | 4.4 when the FIFO is just gettmg

\Dddm5 o ﬂUmb@'f’ ‘f. ‘

Now dote ready ..LF ] (“’L__
Plain Wm

ack |

mr@acﬂ), “ A

102H #h iord

c) Describe how you datect overflow and underflow. ‘
o ' \.,W'\. . ‘
| {k‘l«/w o M‘"‘“ A
%Fi \J ’/C{\_C)um Cc?gn?ﬁw# C&\

records now any @ Svies mé
have —— i s 20 the FICO

emply — if T 1029, the F:F‘a 5

mtﬁ*‘emai Con""rc ‘fM Page 12
S r"u::\ , ,

b} Show a timing diagram for thé emma&FlFﬂ sugnais mr nurma! oparatian .

( 10 min)

(2 min)

1£U | & the C.&H’f/ Sut .S‘:gmf lells uS.

415 adjusted o/ cach change.
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