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The Tiny RISC-V I SAis a subset of the 32-bit RISCV | SA suitable for
teaching. Mrre specifically, the Tiny RISCGV ISA is a subset of the
RV32IM I SA. The Tiny RISC-V ISA is divided into two versions: TinyRV1
includes just eight instructions and is suitable for |ecture notes,
probl em sets, and exams, while TinyRV2 includes 34 instructions and is
suitable for running sinple C prograns. This docunent provides a conpact
description of the Tiny RISC-V I SA, but it should be read in conbination
with the full R SCV I SA manual s:

- http://ww. csl.cornell.edu/ courses/ece4750/ resources/waterman-ri scv-isa-v
ol 1- 2p1. pdf

- http://ww. csl.cornell.edu/ courses/eced4750/ resources/waterman-ri scv-i sa-v
ol 2- 1p9. pdf

The full RISC-V I SA manual s include a wealth of useful infornmation about
why the architecture designers made specific design decisions.
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1. Architectural State

* Data Fornats

- Tiny RISC-V only supports 4B signed and unsi gned integer values. There
are no byte nor hal f-word val ues and no fl oating-point.

* General Purpose Registers

- There are 31 general -purpose registers x1-x31 (called x registers),
whi ch hol d integer values. Register xO0 is hardwired to the constant
zero. Each register is 32 bits wide. Tiny RISC-V uses the sane calling
convention and synbolic register nanes as Rl SC V.

+ x0 : zero the constant value O

+x1 : ra return address (caller saved)

+ X2 : sp stack pointer (called saved)

+ x3 : gp gl obal pointer

+ x4 : tp thread pointer

+ x5 : tO tenporary registers (caller saved)
+ x6 : tl "

+ X7  t2 "
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+ x8 : sO/fp saved register or frame pointer (callee saved)
+ x9 : sl saved regi ster (callee saved)
+ x10 : a0 function argunents and/or return values (caller saved)
+ x11 : al "
+ x12 : a2 function argunents (caller saved)
+ x13 : a3 "
+ x14 : a4 "
+ x15 : ab5 "
+ x16 : a6 "
+ x17 : a7
+ x18 : s2 saved registers (call ee saved)
+ x19 : s3 "
+ x20 : s4 "
+ x21 : s5 "
+ X22 : s6 "
+ x23 . s7 "
+ x24 : s8 "
+ x25 : s9 "
+ x26 : s10 "
+ x27 . sli "
+ x28 : t3 tenporary registers (caller saved)
+ x29 : t4 "
+ x30 : t5 "
+ x31 : t6 "
* Menory

- Tiny RISCV only supports a 1MB virtual nenory address space from
0x00000000 to OxO000fffff. The result of nenobry accesses to addresses
| arger than Ox000fffff are undefined.

- A key feature of any ISA is identifying the endi anness of the nmenory
system Endi anness specifies if we |load a word in nenory, what order
shoul d those bytes appear in the destination register. Assune the
letter Aia at byte address 0x0, the letter Bis at byte address 0x1,
the letter Cis at byte address 0x2, and the letter Dis at byte
address 0x3. If we laod a four-byte word from address 0x0, there are
two options: the destination register can either hold OxABCD (big
endi an) or OxDCBA (little endian). There is no significant benefit of
one systemover the other. Tiny RISC-V uses a little endian nenory
system

Here is a brief list of the instructions which make up both versions of
the Tiny RISC-V I SA, and then sone di scussion about the differences
bet ween the two versions.

* Ti nyRV1

Ti nyRV1 contains a very snall subset of the TinyRV2 | SA suitable for
illustrating how smal |l assenbly sequences execute on vari ous
m croarchitectures in | ecture, problemsets, and exans.

- ADD, ADDI, MJL
- LW SW

- JAL, JR

- BNE

* Ti nyRvV2
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TinyRV2 is suitable for executing sinple C prograns that do not use
system cal | s.

- ADD, ADDI, SUB, MJL
- AND, ANDI, OR ORI, XOR XORI
- SLT, SLTI, SLTU, SLTIU

- SRA, SRAI, SRL, SRLI, SLL, SLLI
- LU, AU PC

- LW SwW

- JAL, JALR

- BEQ BNE, BLT, BGE, BLTU, BGEU
- CSRR, CSRW (proc2mmgr, mngr2proc, stats_en, core_id, numcores)

* Di scussi on

Ti nyRV1 includes the JR instruction, but technically this is not a real
instruction but is instead a pseudo-instruction for the foll owi ng usage
of JALR

jalr x0, rs1, O

The JALR instruction is a bit conplicated, and we really only need the JR
functionality to explain function calls in TinyRV1. So Ti nyRV1 only

i ncludes the JR pseudo-instruction, while TinyRV2 includes the full JALR
i nstruction.

CSSR and CSRW are al so pseudo-instructions in the full RvV32IM I SA for
speci fic usage of the CSRRWand CSRRS instructions. The full CSRRW and
CSRRS instructions are rather conplicated and we don’t actually need any
functionality beyond what CSSR and CSRW provi de. So Ti nyRV2 only includes
t he CSSR and CSRW pseudo-instruction.

The Tiny RISC-V | SA uses the sane instruction encoding as RI SCV. There
are four instruction types and five i medi ate encodi ngs. Each instruction
has a specific instruction type, and if that instruction includes an
imediate, then it will also have an i mmedi ate type.

* Rtype

31 25 24 20 19 15 14 12 11 7 6 0
S oo e o - oo - - Fomm o - oo - - oo - - - - Fomm o - oo - - oo e e e e oo - - +
| funct? | rs2 | rsi | funct3| rd | opcode |
S [ [ R R, [ U +
* |-type

31 20 19 15 14 12 11 76 0
oo e e e e e e e oo oo B S oo - - - - B S o m e e e oo - +
| inmm | rsl | funct3| rd | opcode [
s [ E [ LS +
* S-type

31 25 24 20 19 15 14 12 11 7 6 0
S [ [ R R, [ U +
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| inmm | rs2 | rsi | funct3| inmm | opcode

S [ [ E [ LS +
* U-type

31 11 7 6 0

oo e e e e e e e e e e e e e e e e e e e e e e e e aa oo [ U +

| imm | rd | opcode |

o Fomm o - oo - - oo e e e e oo - - +

RI SC-V has an asymretric i mredi ate encodi ng whi ch neans that the

i medi ates are formed by concatenating different bits in an asymetric

order based on the specific inmediate fornats. Note that in RISCV all

i medi ates are al ways sign extended, and the sign-bit for the i mediate
is always in bit 31 of the instruction.

The following diagrans illustrate howto create a 32-bit imediate from
each of the five immediate formats. The fields are |labeled with the
instruction bits used to construct their value. <-- n is used to indicate
repeating bit n of the instruction to fill that field and z is used to
indicate a bit which is always set to zero.

* | -imedi ate

31 10 5 4 1 0
o e e e e e e e e e e e e e e e e e e e Fmm e e o - - - -+
| <-- 31| 30:25 | 24:21 | 20|
e e e e e e e e e e meee e meeo- o e Fomm e m - +- -+

* S-imedi ate

31 10 54 1 0
o m e e e e e e e e e meeeee—o- Fommm e e o Fommm oo - +- -+
[ <-- 31| 30:25 | 11:8 |7 |
o o e o e e e e e meeeeooo- Fommm e e oo Fommo oo +- -+

* B-i medi at e

31 12 11 10 54 1 0
o e e e oo R +- -+
| <-- 31 |7 | 30:25 | 11:8 |z |
o m e e e m e Fomo e e e e oo Fomm e o - +- -+

* Ui mmedi ate

31 30 20 19 12 11 0
e e e o e e e e mememeoaos +
| 31| 30: 20 | 19:12 | <- z
e e e e ee e oe oo ommm e o e e e e e memeoaoaoo- +

31 20 19 12 11 10 5 4 1 0
o e e e e e e e o o e e e e oo - - -+
| <-- 31| 19:12 | 20| 30:25 | 24:21 |z |
o e eea o o ee o . Fomm e m - +- -+

4. PARC Instruction Details
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For each instruction we include a brief sumuary, assenbly syntax,
instruction semantics, instruction and i medi ate encoding format, and the
actual encoding for the instruction. W use the foll owi ng conventions
when specifying the instruction semantics:

- R rx] : general -purpose register value for register specifier rx
- CSR] src] : control/status regi ster value for register specifier csr
- sext : sign extend to 32 bits

- M4B[addr] : 4-byte nmenory val ue at address addr

- PC . current program counter

- <s : signed | ess-than conpari son

- >=s : signed greater than or equal to conparison

- <u : unsigned | ess-than conpari son

- >=u : unsigned greater than or equal to conparison

- imm : immedi ate according to the i medi ate type

Unl ess otherw se specified assune instruction updates PC with PC+4.

4.1. Control/Status Regi ster Instructions

- Sumary : Move value in control/status register to GPR
Assenbly : csrr rd, csr
- Semantics : Rrd] = CSR csr]

- For mat : l-type, |I-inmmediate

31 20 19 15 14 12 11 7 6 0
oo S Foemmo - S S +
| csr | rsi | 010 | rd | 1110011 |
e [ R R, [ U +

The control/status register read instruction is used to read a CSR and
wite the result to a GPR The CSRs supported in TinyRV2 are listed in
Section 5. Note that in RISC-V CSRR is really a pseudo-instruction for a
speci fic usage of CSRRS, but in TinyRV2 we only support the subset of
CSRRS captured by CSRR. See Section 6 for nore details about

pseudo-i nstructi ons.

* CSRW
- Sumary : Move value in GPR to control/status register
- Assenbly : csrwcsr, rsl
- Semantics : CSRcsr] = R[rsi]
- For mat : l-type, I-inmediate
31 20 19 15 14 12 11 76 0
oo e e e e e e e oo oo B S oo - - - - B S o m e e e oo - +
| csr | rsi | o001 | rd | 1110011 [
s [ E [ LS +

The control/status register wite instruction is used to read a GPR and
wite the result to a CSR. The CSRs supported in TinyRV2 are listed in
Section 5. Note that in RRSCV CSRWis really a pseudo-instruction for a
speci fic usage of CSRRW but in TinyRV2 we only support the subset of
CSRRW captured by CSRW See Section 6 for nore details about

pseudo-i nstructi ons.
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4.2. Register-Register Arithnmetic Instructions

- Sumary : Addition with 3 GPRs, no overfl ow exception
- Assenbly : add rd, rsl, rs2
- Semantics : Rrd] = Rrsl] + R rs2]

- For mat : Rtype
31 25 24 20 19 15 14 12 11 76 0
S B S B S oo - - - - B S o m e e e oo - +
| 0000000 | rs2 | rsi | o000 | rd | 0110011 [
S [ [ E [ LS +
* SUB
- Sumary : Subtraction with 3 GPRs, no overfl ow exception

- Assenbly : sub rd, rsi1, rs2
- Semantics : Rrd] = Rrsl] - R rs2]

- For mat : Rtype
31 25 24 20 19 15 14 12 11 76 0
e oo E R E R Foemo - E R o - +
| 0100000 | rs2 | rsi | o000 | rd | 0110011 [
S [ [ E [ LS +
*  AND
- Sumary : Bitwise logical AND with 3 GPRs

- Assenbly : and rd, rsl, rs2
- Semantics : Rrd] = Rrsl] & R rs2]

- For mat : Rtype
31 25 24 20 19 15 14 12 11 76 0
e oo E R E R Foemo - E R o - +
| 0000000 | rs2 | rsi | 111 | rd | 0110011 [
S [ [ E [ LS +
* OR
- Sumary : Bitwise logical ORwith 3 GPRs

- Assenbly : or rd, rsl, rs2
- Semantics : Rrd] = Rrsl] | R rs2]

- For mat : Rtype
31 25 24 20 19 15 14 12 11 76 0
e oo E R E R Foemo - E R o - +
| 0000000 | rs2 | rsi | 110 | rd | 0110011 [
S [ [ E [ LS +
* XOR
- Sumary . Bitwise logical XORwith 3 GPRs

- Assenbly : xor rd, rsl, rs2
- Semantics : Rrd] = Rrsl] » R rs2]

- For mat : Rtype

31 25 24 20 19 15 14 12 11 7 6 0
L temmmmme e tommmmm s +ommm - tommmmm s L +
| 0000000 | rs2 | rsi | 100 | rd | 0110011 [
o e e e s [ I [ I +-eeeaa [ I [ O +
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* SLT
- Sumary : Record result of signed |l ess-than conparison with 2 GPRs

- Assenbly : slt rd, rsl, rs2
- Semantics : Rrd] = ( Rrsl] <s Rrs2] )

- For mat . Rtype

31 25 24 20 19 15 14 12 11 7 6 0
Fommm e - Fommm - Fommm - +o-m - - Fommm - L +
| 0000000 | rs2 | rsl | 010 | rd | 0110011 [
T [ TSI —— [ TSI —— +------ [ TSI —— Foceeem e e e e e +

This instruction uses a _signed_ conpari son.
* SLTU

- Sunmmary : Record result of unsigned | ess-than conparison with 2 GPRs
- Assenbly : slturd, rsl, rs2
- Semantics : Rrd] = ( Rrsl] <u Rrs2] )

- For mat : Rtype

31 25 24 20 19 15 14 12 11 7 6 0
T [ TSI —— [ TSI —— +------ [ TSI —— Foceeem e e e e e +
| 0000000 | rs2 | rsi | 011 | rd | 0110011 |
Fom e e - L I L IR e - L IR e e e - +

This instruction uses an _unsi gned_ conpari son.
* SRA
- Sumary : Shift right arithnetic by register val ue (sign-extend)

- Assenbly : sra rd, rsl, rs2
- Semantics @ Rrd] = Rrsl] >>> R rs2][4:0]

- For mat . Rtype

31 25 24 20 19 15 14 12 11 7 6 0
oo E R E R Foom oo E R o - +
| 0100000 | rs2 | rsi | 1012 | rd | 0110011 |
B R f T [ T B [ T B +

Note that the hardware should ensure that the sign-bit of Rrsl] is
extended to the right as it does the right shift. The hardware _nust _
only use the bottomfive bits of Rrs2] when perform ng the shift.

* SRL
- Sumary : Shift right logical by register value (append zeroes)

- Assenbly : srl rd, rsl, rs2
- Semantics : Rrd] = Rrsl] >> Rrs2][4:0]

- For mat . Rtype

31 25 24 20 19 15 14 12 11 7 6 0
oo E R E R Foom oo E R o - +
| 0000000 | rs2 | rsi | 1012 | rd | 0110011 |
B R f T [ T B [ T B +

Not e that the hardware shoul d append zeros to the left as it does the
right shift. The hardware _nust_ only use the bottomfive bits of R rs2]
when performing the shift.

* SLL

- Sumary . Shift left logical by register value (append zeroes)

-7 -
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- Assenbly : sll rd, rsl, rs2
- Semantics : Rrd] = Rrsl] << Rrs2][4:0]

- For mat . Rtype

31 25 24 20 19 15 14 12 11 7 6 0
o e e e s [ I [ I +-eeeaa [ I [ O +
| 0000000 | rs2 | rsl | 001 | rd | 0110011 [
Fom e e e e a e e e oo e e e a - - o m - - e e e a - - o m e e e e e a +

Note that the hardware shoul d append zeros to the right as it does the
left shift. The hardware _nust_ only use the bottomfive bits of R rs2]
when performng the shift.

* ML
- Sumary : Signed multiplication with 3 GPRs, no overfl ow exception

- Assenbly : nmul rd, rsl, rs2
- Semantics : Rrd] = Rrsl] * R rs2]

- For mat : Rtype

31 25 24 20 19 15 14 12 11 7 6 0
o e e e s [ I [ I +-eeeaa [ I [ O +
| 0000001 | rs2 | rsl | 000 | rd | 0110011 [
Fom e e e e a e e e oo e e e a - - o m - - e e e a - - o m e e e e e a +

- Summary : Add constant, no overfl ow exception
- Assenbly : addi rd, rsl, inmm
- Semantics : Rrd] = R rsl] + sext(inmm

- For nmat  l-type, I-inmediate
31 20 19 15 14 12 11 7 6 0
s [ E [ LS +
| imm | rsi | 000 | rd | 0010011 |
oo e e e e e e e oo oo B S oo - - - - B S o m e e e oo - +
*  ANDI
- Sumary : Bitwise logical AND with constant

- Assenbly : andi rd, rsl, inmm
- Semantics : Rrd] = Rrsl] & sext(inmm

- For nmat  l-type, I-inmediate
31 20 19 15 14 12 11 7 6 0
s [ E [ LS +
| imm | rsi | 1112 | rd | 0010011 |
oo e e e e e e e oo oo B S oo - - - - B S o m e e e oo - +
* ORl
- Sumary : Bitwise logical OR with constant

- Assenbly : ori rd, rsl, imm
- Semantics : Rrd] = Rrsl] | sext(inmm

- For nmat  l-type, |I-inmediate

31 20 19 15 14 12 11 7 6 0
s [ E [ LS +
| imm | rsi | 110 | rd | 0010011 |



* XOR

- Sunmmary
- Assenbly

- Semantics :

- For mat

* SLTI

- Sunmmary
- Assenbly

- Semantics :

- For mat

*

SLTIU

- Sunmmary
- Assenbly

- Semantics :

- For mat

- Sunmmary
- Assenbly

- Semantics :

- For mat
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Bitwi se | ogical XOR with constant

xori rd, rsil, imm
Rrd] = Rirsl] ~ sext(imm
I-type, |-imrediate
20 19 15 14 12 11 76 0
---------- T e
| rsl | 100 | rd | 0010011 [
---------- T T T g

Set GPR if source GPR < constant, signed conparison

slti rd, rsl1, imm
Rrd] = ( Rrsl] <s sext(imm )
I-type, |-imrediate
20 19 15 14 12 11 76 0
---------- T e
| rsl | 010 | rd | 0010011 [
---------- T T T g

Set GPR if source GPR is < constant,

sltiurd, rsl1, imm
Rrd] = ( Rrsl] <u sext(imm )
I-type, |-imrediate
20 19 15 14 12 11 7 6 0
---------- e
| rsi | 011 | rd | 0010011 |
---------- S
Shift right arithnmetic by constant (sign-extend)
srai rd, rsl, imm
Rrd] = Rirsl] >>> inmm
I -type
20 19 15 14 12 11 7 6 0
--------- e
i mm | rsi | 101 | rd | 0010011 |
--------- S

Note that the hardware should ensure that the sign-bit of Rrsl] is
extended to the right as it does the right shift.

* SRLI

- Sumary
- Assenbly

- Semantics :

- For mat

Shift right |ogical by constant (append zeroes)
srli rd, rsl, imm
Rirdl] = Rirsl] >> inmm
| -type

20 19 15 14 12 11 7 6 0
--------- S T e
i mm | rsl | 101 | rd | 0010011 [

unsi gned conpari son
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Note that the hardware should append zeros to the left as it does the
right shift.

* SLLI

- Sumary : Shift left |ogical constant (append zeroes)

- Assenbly : slli rd, rsl, inmm

- Semantics : Rrd] = Rrsl] << imm

- For mat . Rtype

31 25 24 20 19 15 14 12 11 7 6 0
S [ [ E [ LS +
| 0000000 | inmm | rsi | 001 | rd | 0010011 [
S B S B S oo - - - - B S o m e e e oo - +

Note that the hardware shoul d append zeros to the right as it does the
left shift.

* LUl
- Sumary . Load constant into upper bits of word
- Assenbly : lui rd, inm
- Semantics : Rrd] = imm<< 12
- For mat  l-type, U-inmediate
31 11 7 6 0
o Fomm o - oo - - oo e e e e oo - - +
| imm | rd | 0110111 |
oo e e e e e e e e e e e e e e e e e e e e e e e e aa oo [ U +
* AUl PC
- Sumary : Load PC + constant into upper bits of word

- Assenbly : auipc rd, imm
- Semantics : Rrd] = PC+ ( imm<< 12 )
- For mat  l-type, U-inmediate

* LW

- Sumary . Load word from nmenory

- Assenbly : lwrd, inmm(rsl)

- Semantics : Rrd] = M4B[ R rsl] + sext(inm ]

- For nmat : l-type, |I-inmediate

31 20 19 15 14 12 11 7 6 0
oo S Foemmo - S S +
| imm | rsi | 010 | rd | 0000011 |
e [ R R, [ U +

Al l addresses used with LWinstructions nust be four-byte aligned. This
nmeans the bottomtwo bits of every effective address (i.e., after the
base address is added to the offset) will always be zero.

- 10 -
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* SW

- Summary : Store word into nmenory
- Assenbly : swrs2, im{(rsl)
- Semantics : MA4B[ R rsl] + sext(inm ] = R rs2]

- For mat . S-type, S-inmediate

31 25 24 20 19 15 14 12 11 7 6 0

S [ [ E [ LS +
| imm | rs2 | rsi | 010 | inm | 0100011 |
S B S B S oo - - - - B S o m e e e oo - +

All addresses used with SWinstructions nust be four-byte aligned. This
means the bottomtwo bits of every effective address (i.e., after the
base address is added to the offset) will always be zero.

4.5. Unconditional Junp Instructions

* JAL

- Sumary : Junp to address and place return address in GPR
- Assenbly : jal rd, imm
- Semantics : Rrd] = PC + 4; PC = PC + sext (i)

- For mat : U-type, J-inmediate
31 11 7 6 0
S [ LS +
| imm | rd | 1101111 |
B B S o m e e e oo - +
* JR
- Sumary : Junp to address

- Assenbly : jr rsi
- Semantics : PC = Rrsl]

- For nmat |1 -Type, |-inmediate

31 20 19 15 14 12 11 7 6 0
s [ E [ LS +
| 000000000000 | rsi | 000 | 00000 | 1100111 [
oo e e e e e e e oo oo B S oo - - - - B S o m e e e oo - +

Note that JRis a "real"” instruction in TinyRV1l, but it is a
pseudo-instruction for a specific usage of JALR W don’t really worry
about zero-ing out the the least-significant bit to zero in TinyRV1, but
this nmust be done for TinyRV2.

* JALR
- Sunmmary : Junp to address and place return address in GPR

- Assenbly : jalr rd, rsi, inmm
- Semantics : Rrd] = PC+ 4; PC=( Rrsl] + sext(im) ) & Oxfffffffe

- For mat 1 -Type, I-inmmediate

31 20 19 15 14 12 11 76 0
e [ R R, [ U +
| irmm | rsi | 000 | rd | 1100111 |
o e e e e e e oo oo Fomm o - oo - - oo - - - - Fomm o - oo - - oo e e e e oo - - +

Note that the target address is obtained by adding the 12-bit signed

- 11 -
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l-imrediate to the value in register rsl, then setting the
|l east-significant bit of the result to zero. In other words, the JALR
instruction ignores the Iowest bit of the calculated target address.

4.6. Conditional Branch Instructions

* BEQ
- Sumary . Branch if 2 GPRs are equal
- Assenbly : beq rsl, rs2, inm
- Semantics : PC = ( Rrsl] == Rrs2] ) ? PC + sext(inmm : PC + 4
- For mat : S-type, B-inmediate
31 25 24 20 19 15 14 12 11 7 6 0
S oo e o - oo - - Fomm o - oo - - oo - - - - Fomm o - oo - - oo e e e e oo - - +
| imm | rs2 | rsi | 000 | inmm | 1100011 |
S [ [ R R, [ U +
* BNE
- Sumary : Branch if 2 GPRs are not equal
- Assenbly : bne rsl, rs2, inmm
- Semantics : PC = ( Rrsl] !'= Rrs2] ) ? PC+ sext(im) : PC + 4
- For mat : S-type, B-inmediate
31 25 24 20 19 15 14 12 11 7 6 0
S oo e o - oo - - Fomm o - oo - - oo - - - - Fomm o - oo - - oo e e e e oo - - +
| imm | rs2 | rsi | 001 | inm | 1100011 |
S [ [ R R, [ U +
* BLT
- Sumary . Branch based on signed conparison of two GPRs

- Assenbly : blt rsl, rs2, inm
- Semantics : PC = ( Rrsl] <s Rrs2] ) ? PC + sext(im) : PC + 4

- For mat : S-type, B-inmediate

31 25 24 20 19 15 14 12 11 7 6 0
S oo e o - oo - - Fomm o - oo - - oo - - - - Fomm o - oo - - oo e e e e oo - - +
| imm | rs2 | rsi | 100 | inmm | 1100011 |
S [ [ R R, [ U +

This instruction uses a _signed_ conpari son.
* BGE
- Sunmmary : Branch based on signed conpari son of two GPRs

- Assenbly : bge rsl, rs2, inmm
- Semantics : PC = ( Rrsl] >=s Rrs2] ) ? PC + sext(imm : PC + 4

- For mat . S-type, B-inmmediate

31 25 24 20 19 15 14 12 11 7 6 0
S [ [ R R, [ U +
| irmm | rs2 | rsi | 101 | imm | 1100011 |
oo B B Foom oo B o - +

This instruction uses a _signed_ conpari son.
* BLTU

- Sumary . Branch based on unsigned conparison of two GPRs

- 12 -
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- Assenbly : bltu rsl, rs2, imm
- Semantics : PC = ( Rrsl] <u Rrs2] ) ? PC + sext(inm : PC + 4

- For mat . S-type, B-inmediate

31 25 24 20 19 15 14 12 11 7 6 0
S [ [ E [ LS +
| imm | rs2 | rsi | 110 | inm | 1100011 |
S B S B S oo - - - - B S o m e e e oo - +

This instruction uses an _unsi gned_ conpari son.
* BGEU
- Sumary . Branch based on unsigned conparison of two GPRs

- Assenbly : bgeu rsl, rs2, imm
- Semantics : PC = ( Rrsl] >=u Rrs2] ) ? PC + sext(inmm : PC + 4

- For mat : S-type, B-inmediate

31 25 24 20 19 15 14 12 11 76 0
oo - - S - oo +
| inmm | rs2 | rsi | 111 | inmm | 1100011 [
B oo mmm oo oo m oo oo B oo m oo oo e +

Tiny R SC-V does not support any kind of distinction between user and
privileged node. Using the terminology in the RISCV vol 2 | SA manual ,
Tiny RISCV only supports M node.

* Reset Vector

- RISC-V specifies two potential reset vectors: one at a | ow address,
and one at a high address. Tiny RI SC-V uses the | ow address reset
vector at 0x00000200. This is where assenbly tests should reside as
wel | as user code in TinyRV2.

* Control/Status Registers

RI SC-V i ncludes four non-standard CSRs. nuntores has the same neani ng as
the standard CSR mhartid, so we nmake nunctores a synonymfor mhartid. Here
i s the nmapping:

CSR Nare Privilege Read/Wite CSR Num Note

proc2mgr M RW 0x7C0 non- st andard

mgr 2pr oc M R OxFC0 non- st andard

coreid M R OxF14 synonym of nhartid (hardware th
read | D)

nuncor es M R OxFC1 non- st andard

stats_en M RW 0x7C1 non- st andard

These are chosen to conformto the guidelines in Section 2.1 of the
RISC-V vol 2 I SA nanual. Here is a description of each of these five
CSRs.

- mmgr 2proc: OxFCO

Used to conmmuni cate data fromthe nmanager to the processor. This
regi ster has register-nmapped FlI FO dequeue semantics neani ng readi ng

- 13 -
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the register essentially dequeues the data fromthe head of a FIFO
Reading the register will stall if the FIFO has no valid data.
Witing the register is undefined.

- proc2mgr: 0x7cO

Used to conmmuni cate data fromthe processor to the nmanager. This

regi ster has register-nmapped FlI FO enqueue semantics neaning witing
the register essentially enqueues the data on the tail of a FIFO
Witing the register will stall if the FIFOis not ready. Reading the
regi ster i s undefined.

- stats_en: 0Ox7cl

Used to enable or disable the statistics tracking feature of the
processor (i.e., counting cycles and instructions)

- nuntores: Oxfcl

Used to store the nunber of cores present in a nulti-core system
Witing the register is undefined.

- coreid: Oxfl14

Used to communi cate the core id in a multi-core system Witing the
regi ster i s undefined.

* Address Transl ati on

Tiny RISC-V only supports the nost basic form of address translation
Every |l ogical address is directly mapped to the correspondi ng physica
address. As nentioned above, Tiny RISC-V only supports a 1MB virtua
nmenory address space from 0x00000000 to Ox000fffff, and thus Tiny R SCV
only supports a 1MB physical nenory address space. In the RISCV vol 2

I SA manual this is called a Mdare addressi ng environnent.

It is very inmportant to understand the rel ationship between the "real"
instructions presented in this nmanual, the "real" instructions in the
official RISCV |ISA nmanual, and pseudo-instructions. There are four
instructions we need to be careful with: NOP, JR, CSRR, CSRW The
following table illustrates which | SAs contain which of these four

i nstructions, and whether or not the instruction is considered a "real”
instruction or a "pseudo-instruction”

Ti nyRV1 Ti nyRv2 RI SC-V

NOP pseudo pseudo pseudo

JR real pseudo pseudo
CSRR - - real pseudo
CSRW - - real pseudo

NOP is always a pseudo-instruction. It is always equivalent to the
followi ng use of the ADDI instruction

nop == addi x0, x0, O

JRis a "real" instruction in TinyRV1, but it is a pseudo-instruction in
TinyRV2 and RISC-V for the follow ng use of the JALR instruction
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jr rsl == jalr x0, rs1, O

CSRR and CSSRW are real instructions in TinyRV2 but they are
pseudo-instructions for the followi ng use of the CSRRS and CSRRW

csrr rd, csr == csrrs rd, csr, xO
csrw csr, rsl == csrrw x0, csr, rsl

None of this changes the encodings. In TinyRV1l, JR is encoded the sane
way as the correspondi ng use of the JALR instruction in Ti nyRv2.



