04 25K BRARHAEE & (A7) 49 50 - HE N B2
SEMAS  MARS__0U s F A% | R rmasis [BRE] neE

1. (20%) It is a common practice to pack multiple patterns into a single word to save space.
For example, in the following table, we would like to encode four fields (SPEED, SIZE,
RW and DIR) into a byte. As shown in the following table, the first row gives the
number of bits in each field. Also in the program list of a include file (under the table),
we show coding definitions to be used in a C program.

Encoding bit patterns
4 bits 2 bits 1 bits 1 bits
SPEED SIZE RW DIR

Definitions in a include file for the example

/*For SPEED field*/ /*For SIZE field*/
#define TO 0x00 #define SO 0x00
#define T1 0x10 #define S1 0x04
#define T2 0x20 #define 52 0x08
#define T3 0x30 #define S3 0x0c
#define T4 0x40 /*For RW field*/
#define TS5 0x50 #define R 0x00
#tdefine T6é 0x60 #define W 0x02
#define T7 0x70 /*For DIR field*/
#define T8 0x80 #define IN 0x00
#define T9 0x90 #define OUT 0x01

#define T10 0xa0l
#define T11 0xbO
#define T12 0xcO
#define T13 0xd0
#define T14 0Oxe0
#define T15 0xfO0

a. (6pt) Please write a C procedure to perform the specified encoding. Assume we
already define the procedure as int pack(unsigned char speed, unsigned char
size, unsigned char rw, unsigned char dir). Note that all parameters are passed
into pack() with definitions in the include file. For example, we will use pack(T12,
s2, R, ouT), to pack SPEED=T12, SIZE=S2, RW=R, and DIR=OUT and to return
an int with lowest byte storing the encoded pattern. Please also use this example to
explain your program.

b. (7pt) Please translate the C procedure into a MIPS assembly program. Please
assume the four parameters are stored at $a0, $al, $a2, and $a3. Also assume the
byte to be returned is stored in the lowest byte of $v0. Please use the same example
in a. to explain your program. Please comment your MIPS program.

c. (7pt) Assume we have classified all MIPS instructions into four groups: arithmetic,
data transfer, conditional branch, and jump. Each group can have an average CPI of

one of the following values: 1.0, 1.2, 1.4 and 1.7 clocks, but no group has the same
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CPL Please find the optimal CPI for each group such that the program in b. has the
best performance.

2. (10%) How many addressing modes are used in the following MIPS code? Please select

at least one instruction from the assembly code to explain different addressing modes.

Addressing mode examples
search: Svl,0($vO0)
sw $fp,20($sp) 1w $v0,32(S$Ep)
sw $gp, 16 ($sp) bne $vl, $v0, SL4
move $fp, $sp 1w $vl, 8 (Sfp)
sw $al,24 ($fp) move $v0, Svl
sw $al, 28 (S$fp) i SL1
sw $a2,32(Sfp) SL4
sw $zero, 8 (SEp) 1w $v0, 8 (S$fp)
SL2: addu $vl,sv0,1
lw $v0,8(Sfp) sw Svl, 8 (Sfp)
1w $vl,28(Sfp) 3 SL2
slt $v0,S$vo, Svl SL3:
bne $v0, Szero, SLS 11 Sv0,-1
] $L3 3 $L1
SL5: SL1:
1w $v0,8(s$fp) move Ssp, $fp
move Svl, $v0 1w Sfp,20($sp)
sl1 $vo0,s$vl, 2 addu Ssp, $sp, 24
1w $vl,24 ($fp) 3 Sra
addu $v0,8$v0, Svl ,end search

3. (10%) Answer the following two yes or no questions about the MIPS assembly language.
a.  Isit true that instruction “sir $s1, $s2, $s3” will set $s1 to 1 if $s2 is less than $s3? (5%)
b.  Is it true that the so-called jump and link instruction, e.g., jal 2500, is mainly to support the

return action from a procedure call to its caller function? (5%)

4. (15%) Consider a pipelined CPU design with the 5 stages being (1) instruction fetch, (2)
decoding, (3) execution, (4) memory access, and (5) register write back.

(a) List all instruction stages in which we need to read or write the register file. (5%)
(b) What is the minimum number of IO ports required for the register file if the access of
the register file takes one full clock cycle? (Note: an IO port can be used for either a reacli or
write operation.) (5%)
(c) What is the minimum number of 1O ports required for the register file if the access of
the register file takes only half a clock cycle? (Note: we will be able to perform two

accesses to or from the register files within one clock cycle.) (5%)
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5. (10%) Consider the following summary table for execution steps that need to be performed by
four major instruction classes: (1) arithmetic-logic (or called R-type), (2) memory-reference, (3)
branch, and (4) jump instructions.

(a) Complete the missing action in entry marked “?” under the column for the
memory-reference instructions. (5%)

(b) What is the instruction class of entry marked o? (5%)

Execution Step R-type Memory-Reference o B
Instruction Fetch IR = Memory[PC]; PC=PC +4;
A = Reg[ IR[25-21]];
Instruction Decode B =Reg [ IR[25-21] ];
ALUOut = PC + (sign-extend ( IR[15-0]) << 2);
If(A==B)
PC =PC[31-28]
ALUOut = A + sign-extend then
Execution ALUOut =A op B; il (IR[25-0] <<
(IR[15-0]); 2 PC =
' ALUOut;

Load: MDR = (?);
Memory Access
Store: omitted;

Register Write Reg[IR[15-11]] = | Load: Reg [IR[20-16]] =

Back ALUOQut; MDR;

6. (14%) Answer the following questions:

a) Explain (please also draw a diagram) the following methods how can they resolve the multiple
simultaneously interrupt requests from the I/O Devices ? (1) Daisy chain, (2) Polling. (6%)

b) Explain the following two modes, (1) cycle stealing and (2) block mode, for DMA controller to
transfer the data from I/O device to Memory. Which mode is transparent (unknown) to CPU
operation ? why ? (4%)

¢) Now suppose that CPU is executing a maximum of 10 instructions/sec, An average instructioﬁ
execution requires five machine cycles, three of which use the memory bus, a memory read/write
uses one machine cycle for transferring one word. What is DMA transfer rate (word/sec) for the

above two DMA controller modes ?  (4%)
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7. (15%) Consider a two-level cache-memory scheme that uses demand paging and preemptive
allocation policy. The faster memory has a cache capacity of four pages. There are three different
replacement policy, FIFO, LRU (lease recently used), and OPT (optimal). Now suppose the
page address stream formed by executing a program Q is shown as follows

1645143212146741317
Assume a “hot” start, in which the cache initially has pages 1, 2, 3, and 4 allocated to it.
a) Show the time sequence of the cache-replacement sequence of three different replacement
policy, and how many “hits” during the page allocation sequence ?
_Timel 2 3 4 5 6 7 8 9 10 Il 12,
Page 1 6 4 5 1 4 3 2 1 2 1 4o,
1 '

2
3
4

hit
b) Which of the page-replacement policy FIFO or LRU is more suitable in this case 7 Givea
short intuitive justification of your answer..

¢) What is the stack replacement policy ?

8. (6%) The interrupt breakpoint or the DMA breakpoint is the instance when the CPU responds to the
interrupt request (INTR) or DMA request. If the CPU is executing an instruction (several

micro-steps or machine cycles are required for executing each instruction in one instruction cycle).

(a) Where the interrupt breakpoint occurs ?
(b) Where the DMA breakpoint occurs ?
(c) After receiving the INTA signal from CPU, how the VO device identifies itself to CPU ?




