CSE352 Spring 2013 Homework Assignment #7

Due in class Friday June 7th 2013 - NO EXTENSIONS WILL BE GRANTED!

Q1) Modify the single-cycle MIPS processor to implement the following instructions.
Refer to appendix B for a definition of the instructions.

For each instruction, mark up a copy of Figure 7.11 to indicate the changes to the datapath. Name any new
control signals.

Mark up a copy of table 7.8 to show the changes to the main decoder. We've left some room for you to add
extra signals to your decoder. Describe any other changes that are required.
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Figure 7.11 Complete single-cycle MIPS processor
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Instru | Opcode | Reg Reg | ALU | Branch | Mem | Memto | ALU | Jump
ction Write |Dst Src Write Reg Op
R-type | 000000 | 1 1 0 0 0 0 10 0
Iw 100011 1 0 1 0 0 1 00 0
SwW 101011 0 X 1 0 1 X 00 0
beq 000100 | O X 0 1 0 X 01 0
addi 001000 | 1 0 1 0 0 0 00 0
i 000010 | O X X X 0 X XX 1
sllv
sltiu
bgtz
Ib

Table 7.8 Main decoder truth table to mark up with changes




Table B.1 Instructions, sorted by opcode

Opcode Name Description Operation
000000 (0) R-type all R-type instructions see Table B.2
000001 (1) bltz/bgez branch less than zero/ if ([rs] < 0) PC = BTA/
(rt = 0/1) branch greater than or if ([rs]l = 0) PC=BTA
equal to zero
000010 (2) J jump PC = JTA
000011 (3) jal jump and link $ra = PC+4, PC = JTA
000100 (4) beq branch if equal if ([rs)==[rt]) PC = BTA
000101 (5) bne branch if not equal if ([rs)!=[rt]) PC = BTA
000110 (6) blez branch if less than or equal to zero if ([rs] = 0) PC = BTA
000111 (7) batz branch if greater than zero if (Lrs] > 0) PC = BTA
001000 (8) addi add immediate [rt] = [rs] + Signlmm
001001 (9) addiu add immediate unsigned [rt] = [rs] + Signlmm
001010 (10)  siti set less than immediate [rs) < Signlmm ? [rtl=1 : [rt]=0
001011 (11)  sl1tiu set less than immediate unsigned [rs}<Signlmm ? [rtl=1 : [rtl=0
001100 (12)  andi and immediate [rt] = [rs] & Zerolmm
001101 (13)  ori or immediate (rt] = [rs] | Zerolmm
001110 (14)  xori xor immediate [rt] = [rs] ™ Zerolmm
001111 (15)  lui load upper immediate [rt] = {Imm, 16’b0}
010000 (16)  mfcO, move from/to coprocessor 0 [rt] = [rd]/(rd] = [rt]
(rs = 0/4) mtcO {(rd is in coprocessor 0)

010001 (17)  F-type fop = 16/17: F-type instructions see Table B.3

010001 (17)  bclf/belt  fop = 8: branch if fpcond is if (fpcond == 0) PC = BTA/
(rt = 0/1) FALSE/TRUE if (fpcond == 1) PC = BTA
100000 (32) b load byte [rt] = SignExt ([Addresslz.q)
100001 (33) Ih load halfword [rt] = SignExt ([Addresslis.p)
100011 (35) 1w load word {rt] = [Address]

100100 (36) 1bu load byt.e-‘unsigned [rt] = ZeroExt ([Address];.p)
100101 (37)  1lhu load halfword unsigned [rt] = ZeroExt ([Addresslis.g)

101000 (40)  sb store byte [Addressl;.q = [rtls.g




Name

Table B.1 Instructions, sorted by opcode—Cont’d

Operation

Description

101001 (41) sh store halfword [Addresslis.o = [rtlisy

101011 (43) Sw store word [Add’ress] = [rt]

110001 (49) lwcl load word to FP coprocessor 1 [ft] = [Address]

111001 (56} swcl store word to FP coprocessor 1 {Address] = [ft]
Table B.2 R-type instructions, sorted by funct field

Funct Name Description Operation

000000 (0) s11 shift left logical [rd} = [rt] << shamt

000010 (2) srl shift right logical [rd] = [rt] >> shamt

000011 (3) sra shift right arithmetic {rd] = [rt] >>> shamt

000100 (4) sllv shift left logical [rd] = [rt] << [rsls:p
variable assembly: s11v rd, rt, rs

000110 (6) srlv shift right logical [rd] = [rt] => [rslsp
variable assembly: srlv rd, rt, rs

000111 (7) srav shift right arithmetic [rd] = [rt] >>> [rsls.o
variable : assembly: srav rd, rt, rs

001000 (8) jr jump register PC = [rs]

001001 (9) jalr jump and link register $ra = PC + 4, PC = [rs]

001100 (12) syscall system call system call exception

001101 (13) break break break exception

010000 (16) mfhi move from hi [rd]l = [hi]

010001 (17) mthi move to hi [hil = [rs]

010010 (18) mflo move from lo [rd]l = [lo]

010011 (19) mtlo move to lo {10l = [rs]

011000 (24) mult multiply {thil, [lodt = [rs] x [rtl

011001 (25) multu multiply unsigned (Chil, [1ol} = [rs] x [rt]

011010 (26) div divide {10) = [rsl/lrt],

[hil = [rs]3lrt]

(continued)



Table B.2 R-type instructions, sorted by funct field—Cont’d

Name Description Operation
011011 (27) divu divide unsigned {10] = [rs)/[rt],
[hi] = [rs]dlrt]
100000 (32) add add [rd) = [rs] + [rt]
100001 (33) addu add unsigned [rd] = [rs] + [rt]
100010 (34) sub subtract [rd] = [rs] = [rt]
100011 (35} subu subtract unsigned {rd] = [rs] - [rt]
100100 (36) and and [rd] = [rs] & [rt]
100101 (37) or or {rd] = [rs] | [rt]
100110 (38)  xor xor [rd] = [rs] " [rt]
100111 (39) nor nor [rd) = ~([rs] | Ert])
101010 (42) st set less than [rs)] < [rt] 7 [rd] =1 : [rd]l =0
101011 (43) sltu set less than unsigned [rs) < [rt] 2 [rd] =1 : [rd]l =0

Table B.3 F-type instructions (fop = 16/17)

Description Operation

000000 (0} add.s/add.d FP add (fd) = [fs] + [ft]

000001 (1) sub.s/sub.d FP subtract [fd] = [fs] = [ft]

000010 (2) mul.s/mul.d FP multiply (fd] = [fs] * [ft]

000011 (3) div.s/div.d FP divide [(fd] = [fs]/[ft]

000101 (5) abs.s/abs.d FP absolute value [fd] = ([fs] < 0) ? [—fs]
: [fs]

000111 (7) neg.s/neg.d FP negation [fd] = [~fs]

111010 (58)  c.seq.s/c.seq.d  FP equality comparison fpcond = ([fs] == [ft])

111100 (60) c.lt.s/c.1t.d FP less than comparison fpcond ([fs] < [ftD

111110 (62) c.le.s/c.le.d FP less than or equal comparison fpcond ([fs] = [ft])




Q2)

In the MIPS 5-stage pipeline we’ve covered in class/in the textbook, load-store operations
require the EX stage to be able to perform address generation (AG) computation and to be
followed by the Mem Stage to access the D-cache. So, a better name for the EX stage would
be the EX-AG to indicate its double function. With this ordering we saw that:

1. We could avoid RAW dependencies between arithmetic instructions at the cost of
forwarding paths between the EX-AG/Mem and Mem/WB pipeline registers and the
inputs of the ALU of the EX-AG stage.

2. We could not avoid 1-cycle load latency penalty when the result of a load operation
was a source operand for the next instruction.

3. Branch resolution could be performed during the EX-AG stage, resulting in a 2 cycle
branch penalty on a taken branch (with a branch-not-taken prediction policy).

4. The Mem stage was not used for arithmetic-logical instructions.

(a) Given the alternative five-stage pipeline diagram below, discuss the advantages and
disadvantages of this design for each of the 4 points discussed above.
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(b) If the two ALUs in the alternative 5-stage pipeline are used respectively for branch target
computation and register comparison, what would be the penalties for branch instructions:
- In the case where stalling occurs as soon as a branch is recognized?
- In the case where a branch-not-taken prediction policy is used?



