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Microprogrammed Control 1.
1. Design a control unit using one flip-flop per state technique for the binary multiplier.
The datapath and ASM chart of the binary multiplier are shown in Fig.1. (18pts) 9
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Fig 1. Datapath and ASM chart for the binary multiplier.
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2. Explain the followings briefly.(12pts)
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Memory Basics f
3. Using the 16Kx1$ RAM chip and decoder, construct the block diagram for a 64Kx32 RAM. (20pts)
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The single cycle computer in Fig 2. executes the following instructions :
SUB R2, R5, R6 Subtract

ADI R4,R5,2 Add immediate
ST RO,RS Store
a. Complete the following table, giving the instruction in binary ( if any field is not used, give it the value 0).

(12pts)

Instruction Opcode DR SA SB or operand
SUB R2,R5,R6 0000401 010 101 110
ADIR4,R1,3 1000010 100 001 011
ST RO,R7 0100000| 000 141 DOO

Table 1: Instruction specifications for the single-cycle computer.

Status
Instruction Opcode Mnemonic Format Description Bits
Move A 0000000 MOVA RD RA R[DR] « R[SA] N, Z
Increment 0000001 INC RD.RA R[DR] « R[SA] +1 N, Z
Add 0000010 ADD RD,RARB R[DR] « R[SA] +R[SB] N, Z
Subtract 0000101 SUB RDRARB R[DR] « R[SA] - R[SB] N.Z
D ecrement 0000110 DEC RD.,RA R[DR] <« R[SA] -1 N, Z
AND 0001000 AND RD,RARB R[DR] < R[SA] "R[SB] N.Z
OR 0001001 OR RD.RARB R[DR] < R[SA] VR[SB] N.Z
Exclusive OR 0001010 XOR RDRARB R[DR] < R[SA] @ R[SB] N, Z
NOT 0001011 NOT RD,RA R[DR] < R[SA] N, Z
Move B 0001100 MOVB  RD,RB R[DR] <« R[SB]
Shift Rig]lt 0001101 SHR RD.RB R[DR] « srR[SB]
Shift Left 0001110 SHL RD,RB R[DR] < sIR[SB]
Load Immediate 1001100 LDI RD, OP R[DR] « zf OP
Add Immediate 1000010 ADI RD.RA,OP R[DR] ¢ R[SA] + zf OP
Load 0010000 LD RD RA R[DR] < M[SA]
Store 0100000 ST RARB M[SA] < R[SB]
Branch dn Zero 1100000 BRZ RA,AD if (R[SA] = 0) PC <~ PC + se AD
Branch on Negative 1100001 BRN RAAD if (R[SA] < 0) PC «~PC +se AD
Jump 1110000 JMP RA PC «R[SA]

b. Complete the following table, giving the instruction decoder outputs during the execution of each of the
instruction in part(a). (12pts)

Instruction Register DA | AA BA (MB| FS |[MD|RW | MW ]| PL | JB
Transfer
SUB R2RZ, R4 [R2L<R5_RL |010 | 410 {410 | D | Ol 1 1o|o | X
ADI R4, 1,3 |R4eRA+3 (400 [001 | OIl |1 |00I0| O | 1 X
ST Ro,R¥F |MROI<RF | XXX |D0O | M [0 [ XXX |X [ X |1 |0 | X
Table 2: PC Function
PC Operation PL | JB | BC
CountUp 0 | X | X
Jump 1 1 X
Branch on Negative (else Count Up) 1 0 1
Branch on Zero (else Count Up) 1 0 0
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Table 3: Encoding of control word for the datapath in the single-cycle computer.

DA, AA, BA MB FS MD RW
Function Code Function Code Function Code Function Code Function Code
R0 000 Register 0 Fe A 0000 Function 0 No write 0
Rl 001 Constant 1 F A+l 0001 Dataln 1 Write 1
R2 010 F« A+B 0010
R3 011 F+ A+B+1 0011
R4 100 Fe A+B 0100
K5 101 F+ A+B+1 0101
R6 110 Fe A=l 0110
R7 111 Fe A 0111

Fe ANB 1000
Fe AB 1001
F« ASB 1010

Fe B 1100
Fé<sr B 1101
F«slB 1110
c. Assume that the propagation delay of the components are as follows:

PC 1ns

Instruction Memory 4 ns

Register File 3ns

MUX B, MUX D 1ns

Function Unit 4ns

Data Memory 4 ns

Register File 3ns

Zero Fill Ons

Sign Extension Ons

Find the components used in the execution of the SUB R2,.R5.R6 instruction and calculate the executior
time of the instruction. (06pts)
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Fig. 2: Single-cycle computer
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5. Write an assembly program that finds the largest value of two memory contents. The program compares the
memory locations 100 and 101 and finds the largest of them. The result will be stored in the memory location
200. Assume that the RO contains 100 and R1 contains 200. The instruction specifications of the single-cycle
computer are given in Table 1. Use comments with instructions to make your program readable.(20pts)

Procedural steps:

¢ Read the operands from the memory.
e Subtract the first operand from the second.
M o Ifthe difference<0 then second operand is the largest, otherwise the first operand is largest.
E00. ., Store the largest value in M[200].
Add. e Halt (not available in the instruction list).
0 LDI R+ F Set the gump address
1 ADI R+, KE3
9 LD R4, RA Read +the At opermd R4 < tUoo]
3 INC 1, R4 Nacrenent
4 LD RS R Read +he second operond RS« UDA]
- SuB R6,R4,R5  Subtmct the semnd operond froen

the Grat

lp N=1, the second o?e(‘o(\cl rs
the \arﬂes\' ond Biaach .

+ 3T R, R4 The st opemncl is the QOv\c’e\s{-,
atove the contents oL P4 mto
M 2003 ’

8 IMP R¥F BquP +o. the mcmorﬂ' address 10

6  BRN RG,3

q 31 R, R-’?‘ The 2econd ocFec‘a(\d i< He \a(\\r\esk
M2o0] < RS

Ko} HALT Halt.



