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00 00 ANDCC (A, B) yes
0 0 0 1 ORCC (A, B) yes
0010 NORCC (A, B) yes
00 1 1 ADDCC (A, B) yes
01 00 SRL (A, B) no
01 0 1 AND (R, B) no
01 10 OR (&, B) no
01 1 1 NOR (B, B) no
100 0 ADD (R, B) no
1 0 0 1 LSHIFT2 (&) no
101 0 LSHIFT10 (&) no
101 1 SIMM13 (A) no
1100 SEXT13 (A) no
11 01 INC (B) no
110 INCPC (A) no
11 1 RSHIFTS (A) no
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· ARC ALU operations and COND table are given on page 14.
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Question 1 (20 marks):

The following 10 questions are a multiple-choice type. Circle the correct answer. 
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RIir) « AND(Rlpe) Rlpcl); READ;  /Read an ARC instruction from main memory

DECODE: ) 256-way jump according to opeode
/ eathi

RIrd) « LSHIFT10(ir); GOTO 2047; / Copyimm22 fied to targel register

/ call

R(15) « AND(R(pe) Rlpel); I Save tpein %15

RItempo] « ADD(RIir],R[ir]) I Shift dispa0 fiel left

R(tempo] « AOD (R [tempo] & [tempo]) ; / Shift again

RIpe) « ADD(R[pc] RItenpol) J Jump to subroutine

@10 0

/ addec

TF RIIR(13]] THEN GOTO 1602; /15 second source operand immediate?
R(rd) « ApDCC(RIrell R (rs2]); J Perform ADDCC on register sources
010 2047;

RItempo] « SEXT13 (RIir]); J Get sign extended simm13 field
R(rd) « ADDCC(RIrel) R (tempol);  /Perform ADDCC on registerisimmi3
@010 2047; I sources

/ andec

TF RIIR(13]] THEN GOTO 1605; /15 second source operand immediate?
R(rd)  ANDCC(RIre1l R (rs2]); J Perform ANDCC on register sources
010 2047;

Rltempo] « SIMWNL3 (R[ir]); I Get simmi3 field

R(rd) « ANDCC(RIrel) R (tempol); /Perform ANDCC on registerisimmi3
@010 2047; /' sources

TF RIIR[13]] THEN GOTO 1610; /15 second source operand immediate?
R(rd] « ORCC(R[rsl] RIrsz]) J Perform ORCC on register sources
010 2047;

Rltempo] « EIMWNL3 (RIir]); I Get simmi 3 field

R(rd) « ORCC(R(rs1l R(tempol);  /Perform ORCC on registerismmi3 sources
010 2047;

TF RIIR(13]] THEN GOTO 1626; /15 second source operand immediate?
R(rd) « NORCC(RIrell R(rs2]); J Perform ORNCC on register sources
010 2047;

Rltempo] < SIMWNL3 (R[ir]); I Get simmi 3 field

R(rd) « NORCC(RIrel) R (tempol); /Perform NORCC on registerisimm13
G010 2047; ) sources

/ erl

TF RIIR(13]] THEN GOTO 1650; /15 second source operand immediate?
R(rd) « SRL(R(rsi] R(rsz]) J Perform SRL on register sources
010 2047;

Rltempo] < £IMWNL3 (R[r]); J Get simm13 field

R(rd) « SRL(R(rsi] R(tempo]) ; I Perform SRL on register/simmi3 sources
010 2047;

/ 3]

TP RIIR(13]] THEN GOTO 1762; /15 second source operand immediate?
R(p2)  ADD(R(rsi) R(rsz]) J Periorm ADD on register sources

coro o



1. Converting (011011)2 to base 16 is equal to: 
(a) 1B

(b) 33

(c) 27
(d) None of these
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Rltempo] « SEXT12 (R[ir]);
R(pe) « ADD(R(rs1) Rltempo])
@10 0

/1a

R(tempo) « ADD(R[re1l ®(rs2]);
TP RIIR(13]] THEW GOTO 1734
R(rd) « AND(R(tempo) R [tempo] ) ;
READ; GOTO 2047

R(tempo) « SEXTI3 (R[ir]) ;
R(tempo) « ADD(RIre1l,® (tempol ) ;
om0 1793;

/et

R(tempo) « ADD(R[re1l R (rs2]);
TF RIIR[13]] THEN GOTO 1310;

R(ir] « RSHIFTS(R[ir]); GOTO 40;
RIir] « RSKIFTS(RIir])

RIir] « RSKIFTS(RIir])

RIir] « RSKIFTS(RIir])

RIir] « RSKIFTS(RIir])

R(0] « AND(R[tempo), R(rs2])

WRITE; GOTO 2047
R(tempo) « SEXTI3 (R[ir]) ;
R(tempo) « ADD(RIre1l,® (tempol )
o1 1803

/ Branch instructicns: ba, bs, bes,
Goto 2

R(Eempo) « LSHIFTIO R (ir])
R(tempo) « RSHIFTS (R [tempo])
R[tempo] « REHIFTS (R [tenpo])

RIir] « RSHIFTS (R[ir]]

RIir] « RSHIFTS (R[ir])

R[ir] « RSHIFTS (R[ir])

TP RIIR(13]] THEW cOTO 12
R(ir) < ADD(R(ir),R[ir]);
TF RIIR(13]] THEW COTO 13
R(ir) « ADD(R(ir),R[ir]);
TF 7 THEN COTO 12

R(ir) « ADD(R(ir),R[ir]);
010 2047;

RIpe] « ADDI(R[pe], RItempol)
@t o

TF RIIR(13]] THEW COTO 15
R(ir) « ADD(R(ir),R[ir]);
TF c THEN GOTO 12

G010 2047;

TF RIIR(13]] THEW cOTO 13

TF N THEN GOTO 12;

G010 2047;

TP v THEN GOTO 12;

oT0 2047;

Ripel  INCPC(RIpe]); GOTO O

/ Get sign extended simm13 field
I Perform ADD on registerisimm12 sourcss

I Compue sourcs address
/ Place source address on A bus

/Get simmt3 field for source address
J Compute sourcs address

J Compute destination address

I Move rd fleld into position of rs2 field
/by shifling 1 the fight by 25 bits,

/ Place destination aciress on A bus and
/- place operand on B bus

/ Get simm13 field for destinalion address
J Compute destination address

bvs, bnag
J Deooding tree for branches

/ Sian extend the 22 LSB's of %lemp0
I by shifting left 10 bits, then right
/ bits. RSHIFTS does sign extension.

/ Move COND field 1o IR13] by

I applying RSHIFTS three fimes. (The
/siqn extension is inconsequental )
/Isitba?

/st not be?
J Execute be

/ Braneh for be ot taken
/ Branch s taken

/s itbes?

J Execule bes
J Branch for bes not taken
/1St bus?

/ Exceule biieg

J Branch for brieg not aken

J Execule bys

J Branch for bys not taken

J Increment %pe and start over



2. Converting (305)10 to three BCD digit is equal to:
(a) 0011 0000 0101
(b) 011 000 101
(c) 0101 0000 0011




(d) None of these

3. The decimal equivalent of the four-bit two’s complement 1111 is equal to:
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(a) - 8
(b) – 1 
(c) 1

(d) None of these

[image: image5.png]1604: IF R[IR[13]] THEN GOTO 1606; /1s second source operand immediate?

1605: R([rd] « ANDCC(R[rsl],R[rs2]); / Perform ANDCC on register sources
GOTO 2047;

1606: R[temp0] « SIMMI2 (R[ir]); / Get simm?13 field

1607: R[rd] « ANDCC(R[rsl],R[temp0]);  /Perform ANDCC on register/simm13

GOTO 204 /' sources




4. The ARC architecture uses 32 bit integer data type. Each integer is stored as a collection of bytes. ARC uses:

(a) big-endian format
(b) little-endian format 
(c) Both little-endian and big-endian format
(d) None of these
5. In ARC architecture the state of the processor is given by:

 (a) PC

(b) SP
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(c) Link register

(d) SPR
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6. In ARC architecture srl instruction is used to: 

(a) Shifts the content of a register to the right and fill the bit to the left with 0s
(b) Shifts the content of a register to the right and copy the last bit
(c) Shifts the content of a register to the right and ignore the bits to the left 
(d) None of these
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00 0 Use NEXT ADDR

0 0 1 Use JUMP ADDR ifn=1
010 Use JUMP ADDR if z =1

0 1 1 Use JUMP ADDR if v =1

0 0 Use JUMP ADDR ifc =1

0 1 Use JUMP ADDR if IR[13] =1
10 Use JUMP ADDR

11 DECODE




7. In the memory format of ARC instructions for the st instruction the source register is given by:

(a) register %rd


(b) register %rs1


(c) the addition of %rs1 and %rs2


(d) sim13
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8. In ARC architecture, the ALU operation RSHIFT5 (A) do:

(a) Shift the operand on A bus to the right by 5 bits, copying the left most significant bit into the 5 new bits on the left

(b) Shift the operand on A bus to the right by 5 bits, putting zeros into the 5 new bits on the left

(c) Shift the operand on A bus to the right by 5 bits, putting ones into the 5 new bits on the left

(d) None of the above

9. Register transfer language (RTL) is a low level HDL. Each statement consists of:
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(a) Data portion and transfer portion. 
(b) Transfer portion of many registers.

(c) Line number and transfer portion

(d) None of these.

10. For 64K memory locations you need:

(a) 8 address lines
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(b) 10 address lines

(c) 32 address lines 
(d) None of the above


Question 2 (20 marks):

Part A (12 marks)

(i) Represent .254 x 103 in a normalized base 8 floating point format with a sign bit, followed by a 3-bit excess 4 exponent, followed by four base 8 digits.

Solution:
Step #1: Convert to the target base.

.254 x 103 = 25410. Using the remainder method, we find that 25410 = 376 x 80:

254/8 = 31 R 6

31/8 = 3 R 7

3/8 = 0 R 3

Step #2: Normalize: 376 x 80 = .376 x 83.

Step #3: Fill in the bit fields, with a positive sign (sign bit = 0), an exponent of 3 + 4 = 7 (excess 4), and 4-digit fraction = .3760:

0 111 . 011 111 110 000
The radix point may not be written explictly in the bit pattern.

(ii) Write the IEEE 754 single precision bit pattern for +0: 


0 00000000 0000 0000 0000 0000 0000 000
(iii) Add (173)10 and (827)10 in signed BCD use the necessary digits in the result. 




0001
0111
0011



1000
0010
0111



0001
0000
0000
0000
Part B (8 marks):

Show the process of serial unsigned multiplication for 1101 (multiplicand) multiplied by 1010 (multiplier). 
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	Q
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Question 3 (20 marks):

Part A (10 marks)
Given two unsigned numbers stored in memory locations X and Y. Write ARC assembly program to perform XOR operation on these numbers, divide the result by 4 and store the final result in memory location Z. 
Solution:




.begin




org 2048




ld
[X] , %r1




ld
[Y] , %r2




orncc
%r1, %r0, %r3

!complement X 




orncc %r2 , %r0 , %r4

!complement Y




andcc %r1, %r4, %r5

! X Y’




andcc %r3, %r2, %r6

!X’ Y




orcc %r5 , %r6, %r7

! X Y’ + X’ Y




st %r7 , [Z]




jmpl %r15 + 4 , %r0




.end 

Part B (10 marks)

Given two unsigned numbers stored in registers %r1 and %r2. Add these two numbers and store the result in register %r3. Use the method of subroutine linkage using stack. 

Solution:


Question 4 (20 marks):

Part A (10 marks)
On microprogram of ARC line 1604 to 1607  are: 

Write the microcode for these lines.

Line 1604
000000
0
000000
0
000000
0
0
0
0101
101
1100 1000 110

Line 1605
000000
1
000000
1
000000
1
0
0
0000
110
1111 1111 111


Line 1606
100101
0
000000
0
100001
0
0
0
1011
000
0000 0000 000


Line 1607
000000
1
100001
0
000000
1
0
0
0000
110
1111 1111 111

Part B (10 marks)
Extend the ARC instruction set to include a new instruction which performs the operation exclusive NOR on the operands and sets the condition codes accordingly. Name this new instruction as xnorcc. This new assembler instruction is an Arithmetic format instruction with op3 field is 010011.  Write the microprogram that implements this new instruction and give comments for each line of cod.   

Solution:

	A
	B
	XOR
	XNOR

	0
	0
	0
	1

	1
	0
	1
	0

	0
	1
	1
	0

	1
	1
	0
	1






XNOR = AB + A B

let rs1 = A, rs2 = B

1612:
IF IR[13] THEN GOTO 1614;
/is second source operand /immediate

1613:
R[temp0] ( R[rs2];
/get B operand in temp0


GOTO 1615;

1614:
R[temp0] ( SIMM13(R[ir]);
/Sim B and put it in temp0

1615:
R[temp1] ( R[rs1]; GOTO21;

21:
R[temp2] ( NOR(R[temp0], R[temp0]);
/get complement of B in temp2

22:
R[temp3] ( NOR(R[temp1], R[temp1]);
/get complement of A in temp3

23:
R[temp1] ( AND(R[temp1], R[temp0]);
/temp get AND (A,B)

24:
R[temp2] ( AND(R[temp3], R[temp2]);
temp2 gets AND(A , B)

25:
R[rd] ( ORCC(R[temp1], R[temp2]);

Question 5 (20 marks):

A microprocessor based system is to be designed with:
16Kbyte of ROM starting at address 0 and using 4Kbyte chips

8Kbyte of RAM located at address following the ROM block and using 8Kbyte chip

Eight memory mapped peripheral each requires 32Kbyte in the 256byte range following the RAM block 

(a) Draw the memory map of the system use hexadecimal format to define the memory range for each of these blocks

(b) Draw the circuit for the address decoder. 
Solution:
ROM1

4K
0000-0FFF

ROM2

4K
1000-1FFF

ROM3

4K
2000-2FFF

ROM4

4K
3000-3FFF

RAM

8K
4000-5FFF

P1

32K
6000-601F

P2

32K
6020-603F 

P3

32K
6040-605F
P4

32K
6060-607F

P5

32K
6080-609F

P6

32K
60A0-60BF
P7

32K
60C0-60DF

P8

32K
60E0-60FF

ROM  line A12-A13 for selection and A0-A11 for memory location 
RAM line A14 = 1 and A13 = 0 and A0 to A12 for memory location 
P1 to P8 A13 =1 and A14 =1, A5 to A7 for selection, A0 to A4 for memory location 

Instruction formats and PSR format for the ARC



ARC ALU operations


And the COND table


Microprogram for the ARC (continues on next page)


Microprogram for the ARC (continued from previous page)



