CSE352 Autumn 2014 HW 6
Due in class Friday 12/5/2014

Q1) Modify the single-cycle MIPS processor to implement the following instructions. Fill out the
truth table below, then mark up figures 7.11 to indicate the changes to the data path and name any
new control signals.
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Opcode

Name

Table B.1 Instructions, sorted by opcode

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] = 0) PC =BTA

equal to zero
000010 (2) 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) bgtz 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]<SignImm ? [rtl=1 : [rt]1=0
001011 (11) sitiu set less than immediate unsigned [rsl<Signlmm ? [rtl=1 : [rt]=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)  Tui load upper immediate [rt] = {Imm, 16’b0]}
010000 (16)  mfcO, move from/to coprocessor () [rt]l = [rd]/[rd] = [rt]
(rs = 0/4) mtcl {rd is in coprocessor 0)
010001 (17)  F-type fop = 16/17: F-type instructions see Table B.3
010001 (17)  bclf/bclt  fop = 8: branch if fpcond is if (fpcond == 0) PC = BTA/
(rt = 0/1) FALSE/TRUE if (fpcond == 1) PC = BTA
100000 (32) 1b load byte [rt] = Signkxt ([Addressl;.q)
100001 (33) Ih load halfword [rt] = SiagnExt ([Address]ys.o)
100011 (35) 1w load word {rt] = [Address]
100100 (36)  1bu load byté-unsigned [rt] = Zerokxt ([Address];.p)
100101 (37)  1lhu load halfword unsigned [rt] = ZeroExt ([Addresslis.q)
101000 (40) sh store byte [Addresslz.q = [rtly.g




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

Description Operation
101001 (41) sh store halfword [Addresslis.g = [rtlisyg
101011 (43) swW store word [»‘«ddvress] = [rtl
110001 (49) lwcl load word to FP coprocessor 1 [ft] = [Address]
111001 (56) swel store word to FP coprocessor 1 [Address] = [ft]
Tahble 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) s1lv shift left logical [rd] = [rt] << [rsls:p
variable assembly: s11v rd, rt, rs
000110 (6) srlv shift right logical [rd] = [rt] >> [rsls.o
variable assembly: sriv rd, rt, rs
000111 (7) srav shift right arithmetic [rd] = [rt] >>> [rslig
variable ; assembly: srav rd, rt, rs
001000 (8) ar 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] = [hi]
010001 (17) mthi move to hi thid, = [ies
010010 (18) mflo move from lo [rd] = [lo]
010011 (19) mtio move to lo {lol = [rs]
011000 (24) mult multiply [thil, [lel) = [rs] x [rtl
011001 (25) multu multiply unsigned (Lhil, [lol} = [rs] X [rt]
011010 (26} div divide (1ol = [rsl/(rt].
thil = [rsI%lrt]

(continued)



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

Description Operation

011011 (27) divu divide unsigned [10] = [rs]/lrt],

[hi]l = [rsl¥lrt]
100000 (32) add add [rd] = [rs] + [rt]
100001 (33) addu add unsigned [rd]l = [rs] + [rt]
100010 (34) sub subtract [rd] = [rs] = [rt]
100011 (35) subu subtract unsigned Crd]l = [rs] = [rt]
100100 (36) and and [rd] = [rs] & [rt]
100101 (37) or or {rdl = [rs] | [rt]
100110 (38)  xor xor [rd] = [rs] ™ (rt]
100111 (39) nor nor [rd]l = ~([rs] | [rt])
101010 (42) s1t set less than [rs] < [rt] 2 [rdl =1 : [rd] =0
101011 (43) sltu set less than unsigned [rs) <. [rt] 2 frdl=1 2 [ed] =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 (S5) abs.s/abs.d FP absolute value [fda] = ([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.1t.s/c.lt.d FP less than comparison fpcond = ([fs] < [ftl)

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




