Spring 2024-2025 initials: CSSE 232

CSSE 232 — Computer Architecture I
Rose-Hulman Institute of Technology
Computer Science and Software Engineering Department

Quiz 4 - 25 minutes

ANSWER KEY

This quiz is closed book. You are allowed to use the reference card from the book
(attached at the back of this quiz) and one 8.5”7 x 11” single sided page of hand written
notes. You may not use a computer, phone, etc. during the examination.

Write all answers on these pages. Be sure to show all work and document your code.

Do not use instructions that we have not covered (e.g. no mul or div but you can use

instructions like s111, srl, xori, etc).
RISC-V code is judged both by its correctness and its efficiency. Unless otherwise stated,

you may not use RISC-V pseudoinstructions when writing RISC-V code.

Question | Points | Score
Problem 1 25
Problem 2 15

Total: 40

Feb 7, 2025 6 Pages (plus this cover)



Spring 2024-2025 initials:

CSSE 232

Problem 1. The RTL below describes the operation of a new instruction designed by your

team.

newbPC = PC + 4
PC = newPC
inst = Mem[PC]
a = Reglinst[19:15]]
imm = SE(inst[31:20])
memQut = Mem[A]
if(imm > memOut) Reglinst[11:7]] = imm
else Reglinst[11:7]] = memQOut

Solution: “candy” or Compare and Yank. This instruction compares an immediate
to  Mem[rsi] and stores the max of the two in rd.

(a) (5 points) Give this instruction a name and write a brief english description of what
it does so that an assembly programmer would understand how to use it (e.g. do
not assume the programmer knows the RTL).

(Continued on next page ...)
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(b) (20 points) Modify the single cycle datapath below as necessary to support the
new instruction. You should add as little to the datapath as possible. List any
additional control signals and their purpose. Be sure it is clear how your changes

work.

There are many solutions, here is one variation:

Read
address

Ls|PC |8+

[
Instruction it
[31:0]

Instruction [19:15]

Instruction [24:20]

Instruction [11:7]

Instruction
memory |

p

Instruction [31:0]

and its control signal table:

5
’.-. M
u
X
SAdd  sumf——| 1
’. Read
register 1 Read | ..
Read data 1 _
*| register 2 2 \ Zero
. SS.  ALU .
Write Read | 0 J:\ltlf Address Hlf’;:[: _
register data 2 M result | als
| Write 4
data Registers
. p . - l";\‘j':'t‘:!e memory
[ Imm |
L,‘. gen | -
[31:7]\
[30,14:12] 0
1
Comparator imm > memOut

Inst ALUSrc ALUOp RegWrite MemRead MemWrite MemToReg Branch
R-type 00 10 1 X 0 00 0
I-type 01 10 1 X 0 00 0
lw 01 add 1 1 0 01 0
sSwW 01 add 0 0 1 XX 0
beq 00 sub 0 X 0 XX 1
new inst 10 add 1 1 0 10 0
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here is variation 2:

- — u
X
A JAGd Sum—T) 0
bypass 1
ALU Lt[31
Read Instruction [19:15) Read result31]
ea - ;
L | PC 4+ address . register 1 Read
Instruction [24:20] Read data 1
Instruction register 2 \2
(31:0] [T - q Read | | -
Instruction [11:7] Write Read Address " gta trfs(1)
Instruction register data2 M
memory | ¢ u
' | Write
data Registers | . Data
o g\é?;e memory
Op / \
Instruction [31:0] [—-lr Imm |
L.l gen |
[312?]'\ /’
(30,14:12]

and its control signal table:

Inst ALUSrc ALUOp RegWrite MemRead MemWrite MemToReg Branch bypass ALUSrcA
R-type 0 10 1 X 0 00 0 0 0
I-type 1 10 1 X 0 00 0 0
lw 1 add 1 1 0 01 0 0 0
SW 1 add 0 0 1 XX 0 0 0
beq 0 sub 0 X 0 XX 1 0 0
new inst 1 sub 1 1 0 10 0 1 1
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Problem 2. (15 points) Modify the Single Cycle Control Table below as necessary to sup-
port the new instruction from Problem 1. Be sure these modifications are consistent
with the datapath modifications you made in Problem 1. In addition, consider the
impact upon any existing control signals below.

Note: You can simply write ‘add’, ‘sub’, ‘funct’, etc. for ALUOp values.

Inst ALUSrc ALUOp RegWrite MemRead MemWrite MemToReg Branch
R-type 0 10 1 X 0 0 0
I-type 1 10 1 X 0 0 0
lw 1 add 1 1 0 1 0
SW 1 add 0 0 1 X 0
beq 0 sub 0 X 0 X 1
new inst

See previous pages for datapath and corresponding control signal table.
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Base Integer Instructions

RISC-V REFERENCE

Inst Name FMT | Opcode | funct3 | funct? Description Note
add ADD R 0110011 | 000 000 0000 R[rd] = R[rs1] + R[rs2]
sub SUB R 0110011 | 000 010 0000 R[rd] = R[rs1] - R[rs2]
xor XOR R 0110011 | 100 000 0000 R[rd] = R[rs1] * R[rs2]
or OR R 0110011 | 110 000 0000 R[rd] = R[rs1] | R[rs2]
and AND R 0110011 111 000 0000 R[rd] = R[rsl] & R[rs2]
sll Shift Left Logical R 0110011 | 001 000 0000 R[rd] = R[rs1] << R[rs2]
srl Shift Right Logical R 2110011 | 101 000 0000 R[rd] = R[rs1] >> R[rs2]
sra Shift Right Arith* R 0110011 | 101 010 0000 R[rd] = R[rs1] >> R[rs2] sign-extends
slt Set Less Than R 0110011 | 010 000 0000 R[rd] = (rs1 < rs2)?1:0
addi ADD Immediate I 0010011 | 000 R[rd] = R[rsl] + SE(imm)
xori XOR Immediate I 0010011 | 100 R[rd] = R[rs1] * SE(imm)
ori OR Immediate I 0010011 | 110 R[rd] = R[rs1] | SE(imm)
andi AND Immediate I 0010011 | 111 R[rd] = R[rs1] & SE(imm)
slli Shift Left Logical Imm I 0010011 | 001 imm[11:5] =0x00 | R[rd] = R[rs1] << imm[4:0]
srli Shift Right Logical Imm I 0010011 | 101 imm[11:5] =0x00 | R[rd] = R[rs1] >> imm[4:0]
srai Shift Right Arith Imm I 2010011 | 101 imm[11:5] =0x20 | R[rd] = R[rs1] >> imm[4:0] sign-extends
1w Load Word I 0000011 | 010 R[rd] = M[R[rs1]+SE({imm)]
sw Store Word S 0100011 | 010 M[R[rs1]+SE({imm)] = R[rs2]
beq Branch == SB 1100011 | 000 if(rs1 == rs2)
PC += SE(imm) << 1
bne Branch != SB 1100011 | 001 if(rs1 != rs2)
PC += SE(imm) << 1
blt Branch < SB 1100011 | 100 if(rsl1 < r1s2)
PC += SE(imm) <<1
bge Branch >= SB 1100011 | 101 if(rs1 >= rs2)
PC += SE(imm) <<1
jal Jump And Link uJ 1101111 R[rd] = PC+4;
PC += SE(imm) <<1
jalr Jump And Link Reg I 1100111 | 000 R[rd] = PC+4;
PC = R[rs1]+ SE(imm)
lui Load Upper Imm U 2110111 R[rd] = SE(imm) << 12
auipc | Add Upper Imm to PC U 0010111 R[rd] = PC + (SE(imm) << 12)
csrrw CSR read & write I 1110011 | 001 R[rd] = CSRsl[csr];
CSRs[csr] = R[rs1]
csrrs CSR read & set I 1110011 | @10 R[rd] = CSRs[csr];
CSRs[csr] = CSRs[csr] | R[rs1]
csrrc | CSR read & clear I 1110011 | 011 R[rd] = CSRs[csr];
CSRs[csr] =
CSRs[csr] & ~R[rs1]
ecall Environment Call I 1110011 | 000 imm=0x0 Transfer control to OS
ebreak | Environment Break I 1110011 | 000 imm=0x1 Transfer control to debugger
R = Register file access CSR = Coprocessor Register
SE = Sign extend (e.g., scause, sepc)
Core Instruction Formats
31 25 24 20 19 5 14 12 11 7 6 0
funct7 | rs2 sl funct3 rd opcode R-type
imm[11:0] rsl funct3 rd opcode I-type
imm[11:5] rs2 rsl funct3 imm[4:0] opcode S-type
imm[11]9:4] rs2 rsl funct3 | imm[3:0[10] opcode SB-type
imm[19:0] rd opcode U-type
imm[19]9:0]10]18:11] rd opcode UJ-type




RISC-V Reference Card

Opcodes, Base conversion

Binary Hex | Opcode Binary Hex | Opcode Binary Hex | Opcode Binary Hex Opcode
000 0000 00 010 0000 20 100 0000 40 110 0000 60
000 0001 o1 010 0001 21 100 0001 41 110 0001 61
000 0010 02 010 0010 22 100 0010 42 110 0010 62
000 0011 03 1w 010 0011 23 sw 100 0011 43 110 0011 63 SB-type
000 0100 04 010 0100 24 100 0100 44 110 0100 64
000 0101 05 010 0101 25 100 0101 45 110 0101 65
000 0110 06 010 0110 26 100 0110 46 110 0110 66
000 0111 o7 010 0111 27 100 0111 47 110 0111 67 jalr
000 1000 08 010 1000 28 100 1000 48 110 1000 68
000 1001 9 010 1001 29 100 1001 49 110 1001 69
000 1010 0A 010 1010 2A 100 1010 4A 110 1010 6A
000 1011 oB 010 1011 2B 100 1011 4B 110 1011 6B
000 1100 oC 010 1100 2C 100 1100 4C 110 1100 6C
000 1101 oD 010 1101 2D 100 1101 4D 110 1101 6D
000 1110 | ©E 010 1110 | 2E 100 1110 | 4E 110 1110 | 6E
000 1111 | oF 010 1111 | 2F 100 1111 | 4F 110 1111 | 6F jal
001 0000 | 10 011 0000 | 30 101 0000 | 50 111 0000 | 70
001 0001 | 11 011 0001 | 31 101 @001 | 51 111 @001 | 71
001 0010 | 12 011 0010 | 32 101 0010 | 52 111 @010 | 72
001 0011 13 I-type 011 0011 33 R-type 101 0011 53 111 0011 73 exceptions
001 0100 14 011 0100 34 101 0100 54 111 0100 74
001 0101 15 011 0101 35 101 0101 55 111 0101 75
001 0110 16 011 0110 36 101 0110 56 111 0110 76
001 0111 | 17 auipc 011 0111 | 37 lui 101 @111 | 57 111 0111 | 77
001 1000 18 011 1000 38 101 1000 58 111 1000 78
001 1001 19 011 1001 39 101 1001 59 111 1001 79
001 1010 | 1A 011 1010 | 3A 101 1010 | 5A 111 1010 | 7A
001 1011 | 1B 011 1011 | 3B 101 1011 | 5B 111 1011 | 7B
001 1100 1C 011 1100 3C 101 1100 5C 111 1100 7C
001 1101 1D 211 1101 3D 101 1101 5D 111 1101 7D
001 1110 1E 011 1110 3E 101 1110 5E 111 1110 7E
001 1111 1F 211 1111 3F 101 1111 5F
) Memory Allocation
Registers
Register | Name Description Saver SP —  OxFFFF FFFO Stack
X0 zero Zero constant —
x1 ra Return address Caller 1
x2 sp Stack pointer Callee
x3 gp Global pointer —
x4 tp Thread pointer —
x5-x7 to-t2 Temporaries Caller 0
x8 s@ / fp | Saved / frame pointer | Callee
x9 s1 Saved register Callee Dynamic Data
x10-x11 | a@-al Fn args/return values | Caller
x12-x17 | a2-a7 Fn args Caller 0x1000 0000 Static Data
x18-x27 | s2-s11 Saved registers Callee
x28-x30 | t3-t5 Temporaries Caller PC — 0x0040 0000 Text
x31 at Assembler Temporary | Caller
Reserved

Modified from https://github.com/jameslzhu/riscv-card by James Zhu




