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SORULAR/Questions

Soru 1 (15 Puan):

Asagida verilen Mealy durum makinasinin Verilog dilinde gergekleyiniz.
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Soru 2 (35 Puan):

RISC-V islemci komut setinde (Instruction Set) aritmetik, bellek ve kontrol komutlar1 bulunmaktadir. Bu komutlar
asagida verilen tabloda 6zetlenmistir. Komutlarin bit gosterimleri de ikinci tabloda verilmektedir.

Tip Komut Kod[3] | Kod([7] islem
add rd, rsl, rs2 0x0 0x00 |R{rd] ~ R[rs1l] + R[rs2]
mul rd, rsl, rs2 0x0 0x01 |R{rd] ~ (R[rs1] * R[rs2])[31:0]
sub rd, rsl, rs2 0x0 0x20 (R[rd] ~ R[rsl]) - R[rs2]
sl rd, rsl, rs2 Ox1 0x00 |R[rd] ~ R[rsl) << R[rs2]
mulh rd, rsl, rs2 0x1 0x01 |R{rd] ~ (R[rsl] * R[rs2])[63:32)
Opcode: 0x33 slt rd, rsl, rs2 ox2 0x00 [R[rd) ~ (R[rs1] < R[rs2]) ? 1 : @ (signed)
Register-Register
(R-Type) xor rd, rsl, rs2 x4 0x00 ([R[rd] ~ R[rs1] ~ R[rs2]
div rd, rsl, rs2 0x4 0x01 |[R[rd] ~ R[rsl] / R[rs2]
srl rd, rsl, rs2 x5 0x00 [R[rd] ~ R[rs1] >> R[rs2]
or rd, rsl rs2 0x6 0x00 |[R[rd] ~ R[rsl] | Rlrs2]
rem rd, rsl, rs2 0x6 0x01 |R{rd] ~ R[rsl] % R[rs2]
and rd, rsl, rs2 ox7 0x00 |R{rd] ~ R[rsl) & R[rs2]
Opcode: 0x03 b rd, offset(rsl) 0x0 R{rd] ~ Mem(R[rsl] + offset) (byte) (SignedExtend)
Immediate (Deger) Lh rd, offset(rsl) Ox1 R{rd] ~ Mem(R[rsl] + offset) (half) (SignedExtend)
(1-Type) w rd, offset(rsl) 0x2 Rird] ~ Mem(R[rs1] + offset) (word)
addi rd, rsl, value 0x0 0x00 |[R[rd] ~ R[rsl] + value
slli rd, rsl, value Ox1 0x00 [R[rd] « R[rsl] << value
Opcode: 0x13 siti rd, rsl, value 0x2 0x00 [R{rd] ~ (R[rs1] < value) 7 1 : © (signed)
Immediate (Deger) xori rd, rsl, value 0x4 0x00 [R[rd] « R[rsl] * value
(-Type) srli rd, rs1, value x5 0x00 [R{rd] - R[rs1] >> value
ori rd, rsl, value 0x6 0x00 |R{rd] ~ R[rs1] | value
andi rd, rsl, value 0x7 0x00 [R[rd] ~ R[rs1] & value
Opcode: 0x23 sw rs2, offset(rsl) 0x2 Mem(R[rsl] + offset) -~ R[rs2]
Store (Kayit) swge rs2, 0(rsl), offset 0x7 if(R[rs2] >= offset(signed))
(S-Type) Mem(R[rs1] + offset) - R[rs2]
beq rsl, rs2, offset 0x0 1f(R[rsl] == R[rs2])
Opeode: 0x63 PC ~ PC + offset
X 3
Branch (Dallanma) blt rsl, rs2, offset 0x4 lf(RF(’Es”Pz l:[r:l;l)t(sxgncd)
(B-Type) : o seiehe
bltu rsl, rs2, offset 0x6 if(R[rs1] < R[rs2]) (unsigned)
PC ~ PC + offset
Opcode: 0x37 lui rd, offset Rird] ~ offset
Upper Immediate
(U-Type)
Opcode: 0x67 jal rd, value R(rd) -~ PC + 4
Upper Immediate(Atlama) PC ~ PC + value
(UJ-Type)
Opcode: 0X6F jalr rd, rs, value Rird] ~ PC + 4
Immediate(Atlama) PC « R[rs] + value
(13-Type)
32-bit RISC-V Instruction Formats
Instruction ‘
31 |30(29 /28|27 |26|25(24|23(22|21|20 |19(18|17|16|15|14|13|12|11(10|9|8|7 |6(5(4(3(2(1|0
Formats
Register/register funct? rs2 rs1 \ funct3 rd opcode
Immediate imm[11:0] rs1 | funct3 rd opcode
Upper
imm([31:12 rd opcode
Immediate [ ! i
Store imm[11:5] rs2 rs1 | funct3 imm[4:0] opcode
Branch [12) imm[10:5] rs2 rs1 funct3 imm[4:1] | [11] opcode
Jump [20] imm[10:1] (1) imm[19:12] rd opcode

® opcode (7 bit): partially specifies which of the 6 types of instruction formats

® funct? + funct3 (10 bit): combined with opcode, these two fields describe what operation to perform
© rs1 (5 bit): specifies register containing first operand

® rs2 (5 bit): specifies second register operand

® rd (5 bit):: Destination register specifies register which will receive result of computation

Saklayic1 20: 10
Saklayic1 21: 11
Program counter: 20

baslangic degeri igin
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a) beq 20, 21, 100 operasyonu sonucunda program counter degeri ne olur?

b) bltu 20, 21, 100 operasyonu sonucunda program counter degeri ne olur?

c) bltu 20, 21, 100 operasyonunun 32 bitlik gésterimini binary olarak veriniz.

Soru 3 (15 Puan):

Bir islemcinin CPI degeri 1.5, 200 MHz ile kosmaktatir. ikinci islemci ise CPI degeri 1.55 ve 190 MHz de
kosmaktadir. Hangi islemci saniyede daha fazla iglem yapabilmektedir?

Soru 4 (35 Puan):

Bir programda kullanilan komutlarin oran1 ve kag cycle siirdiigii bilgisi asagida verilmektedir.
%25 dallanma (6 Cycles / Instruction)

%25 aritmetik (2 Cycles / Instruction)

%20 bellege yiikleme (5 Cycles / Instruction)

%30 kontrol (3 Cycles / Instruction)

Buna gore bu islemci;

Tek cycle’da islemleri yaptigi modda 100 MHz’de
Cok cycle’da (pipelined) modda ise 150 MHz’de kosabiliyor.

Her iki durum i¢inde saniyede ka¢ milyon islem yapabildigini (MIPS) hesaplayiniz.



