RVS (RISC-V Visual Simulator)

Input/Output System Calls Manual v0.08

1. Outline

The Risk-V Visual Simulator (RVS) supports user communications (data input and
output) with the executed assembly code through the I/O window in the bottom left of

the main RVS window as shown below enclosed in a red rectangle.

&

File | Fname: Help

ASSEMBLY LISTING
ADDRESS BIN/HEX CODE HEX OPERAMDS

SYMBOL TABLE
OxfEfffffffffffffe START

< >

Compile |® BIN ¥ HEX ¥ INT ¥ TXT Source | InitPC |OxffFFFFFFFFffffc START| Stop Listing

INT Regs ~ || MEMORY

x0 zero 0x0000000000000000 ADDRESS HEXADECTIMAL INTEGER
%l ra 0x0000000000000000
®2  =p 0x0000000000000000
®3 gp 0x0000000000000000
x4 tp 0x0000000000000000
x5 0 0x0000000000000000
=6 £l 0x0000000000000000
®1 tZ 0x0000000000000000
=8 =50 0=x0000000000000000
x9 =1 0x0000000000000000
®10 al 0x0000000000000000
x1l al 0x0000000000000000
®1Z aZ 0x0000000000000000
x13 a3 0x0000000000000000
%14 ad 0x0000000000000000
®15 a5 0x0000000000000000
xl6 ab 0x0000000000000000

< > Vi< >

Refreshlp HEX ¥ INT ™ FLP Regs|| Refresh | HEX M INT W FLP & TXT Memmlu Clear |

All user communications are carried out through the ecall instructions in the format
ecall rd, rs, imm. The first two parameters rs and rd can be either integer or float
point registers irrespectively of the immediate value imm. The interpretation of the
values in rs and rd, however depends on the syscall value placed in imm as explained

below.

The I/O syscalls are blocking which means that the code execution will be suspended
while there is input or output in progress. The user interactions with other components
of the RVS main window are also blocked so the user can only interact with the I/O

window.
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2. Output (Print Services)

Output system calls are carried out through ecall instructions in the following format:

ecall rd, rs, imm.

The three parameters rd, rs, and imm must be supplied but only the values of two of

them, namely the source register rs, and the immediate value imm will be used. The

value of the destination register rd will not be changed. The register supplied in the RD

field, however, is used to control the movement to a new line after the print. For newline

specify x0 as a destination register.

The following print services are available:

print_integer (ecall rd, rs, 0) The value in the source register rs is printed
as a 64-bit signed integer. The value of the destination register rd is not
changed. The syscall code is 0. For newline specify x0 as a destination register.
print_float (ecall rd, rs, 1) The value in the source register rs is printed as
a 64-bit floatin point number. The value of the destination register rd is not
changed. The syscall code is 1. For newline specify x0 as a destination register.
print_hexadecimal (ecall rd, rs, 2) The value in the source register rs is
printed as a 64-bit hexadecimal. This is a convenient way to explore the
internal representation of any data including integer and floating point
numbers. The value of the destination register rd is not changed. The syscall
code is 2. For newline specify x0 as a destination register.

print_characters (ecall rd, rs, 3) The value in the source register rs is
printed as a sequence of characters, each character corresponding to one byte,
in little endian order. The printing stops if a null (0) character is encountered.
Note that the sequence of characters does not have to be null-terminated as the
maximum number of characters is limited to 8. The value of the destination
register rd is not changed. The syscall code is 3. For newline specify x0 as a
destination register.

print_string (ecall rd, rs, 4) The value in the source register rs is an
address of the beginning of a null terminated string. The sequence of
characters in the string is printed in little endian order until the null character
is encountered. Note that the string must be null-terminated as otherwise the
printing may continue past the string end. The value of the destination register

rd is not changed. The syscall code is 4. For newline specify x0 as a destination
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register.

An output example. The following assembly language code has been compiled and
executed in RVS:

;output data
do:
dl:
d2:
d3:
d4:

DD
DF
DD
DC
DC

;output instructions

The resulting RVS window is shown in the following snapshot.

1d
ecall
fld
ecall
1d
ecall
1d
ecall
addi

ecall

2 ;integer
2.0 ;float
0x1234 ;hexadecimal
"chars" ;characters
"a longer string¥0" ;string
x1,d0 (x0)

x0,x1,0 ;int

£f1,d1 (x0)

x0,f1,1 ;float

x1,d2 (x0)

x0,x1,2 ;hexadecimal
x1,d3(x0)

x0,x1,3 ;chars

x1,x0,d4

x0,x1,4 ;string

Page 3 of 8



File | Fnarme Help
soutpur data - |[[asszusry LrsTING -]
2 ADDRESS BIN/HEX CODE HEX OPERANDS INT OPERANDS

oz 0x0000000000000000 DD 0x000000DODDO0000Z a0

 ox1z3a 0x000DB0000D000B0 DD 0x400000DOODE0000D ar

be "oharst 0x0000000000000010 DD 0x000000D000O01234 az

C "a longer stringl0" string 0x0000000000000018 DD 0x0000007372616863 a3

0x000000000D0000Z0 DD 0x7265676e 62602061 as:

;outpur instructions 0xD00D00D00DOODG2E DD 0x00E7626572747520

ld x1,d0 (x0) 0x0000000000000030 I 000000000000 00000 011 00001 0000011 1d x1 »0 0x000 ld x1,0(x0)

ccall x0,x1,0  :int 0x000000000D000054 1 0ODOODO0DODD  DOOD1 OO0 00000 1110011 ecall  xO xi 0x000 ccall  x0,1,0

fia £1,a1(x0) 0x000D00D00D000D35 FI OODOODODI00D DODDD D1l OODDL DODDlL £ld  £1 x0O X008 fia 11,8 (e0)

ccall x0,£1,1  sfloat 0x000000000000003¢ 1 0000DDO0DO0Y  DOOD1 OO0 00000 1110011 =eall  x0 £1 O0x001 ccall  x0,#1,1

1d x1,dz (x0) 0x0000000000000040 I 000000010000 00000 011 00001 0000011 1d x1 x0 0x010 1ld x1,16(x0)

ccall x0,x1,2  ;hexadecimal 0x0000000000000044 I QDOOODODDO10 DO0DL DO 000DO 1110011 esall X0 xl 0%00Z ccall  x0,i1,2

1a okt (k0 0xD00000D00D00045 1 ODOOODO11000 DO0DG DLl OODOL 00DBOIL 1d %1 %0 0x018 1a 1,24 x0)

ccall x0,x1,3  :chars 0x000000000000004c 1 0DDODDO0DO11 DOOD1 OO0 00000 1110011 eeall  xO xl %003 ccall  x0,x1,3

addi x1,x0,d4 0x000000000D0000SD I 0ODOOD100000 DO0DO OO0 000DL 0010011 addi X1 x0 0x020 addi  x1,u0,32

ccall x0,x1,4  ;string 0x000DO0D00D0O0DS4 I OODOODOODIOD DODD1 OO 0ODDO 1110011 eeall X0 xi 0x004 ccall  x0,x1,4

SYNBOL TABLE
0x0000000000000030 START
0:x0000000000000000 <
0x0000000000000008 ¢
0x0000000000000010
0x0000000000000018
0x0000000000000020 44

an
GRES

il |- (]l | o[-

Compile | BIN ¥ HEX ¥ INT & TXT Source | InitPC |0-0000000000000058  START | Stop Run Next | Listing

INT Regs <[ mmony -
0 zera 0x0000000000000000 O ADpRESS HESADECTIAL mTEcER 1a X1 %0 0x000 .

X1 ra 0x0000000000000020 32 0x0000000000000000 0x0000000000000002 2 0x0000000000000034 ecall x0 x1 0x000 0x0000000000001234
X2 =p  0x0000000000000000 O 0x0000000000000008 0%4000000000000000 461169601942735790« || 0x0000000000000038 £1a  £1 x0 0x008 cnars

©3 op  0x000000000D000000 5xB000630005000010 0x0000000060001234 4660 0+000000006000603¢ scall %0 £1 0x061 o longer string
xi tp  0x00000000DDO0DOOD 0X0000000000000D18 DXODD0007372616863 435840225379 0+0000000000000040 14 ¥1 %0 0x010

X5 £0  0x0000000000000000 0X00000000000000Z0 0X726567 661602061 624310841698495160: || 0¥000000000000004a ecall  x0 x1 0x00Z

6 £1  0x0000000000000000 0xG000000000000028 Dx00676e 6972747320 23113521772053280 o+0000000000000048 14 +1 %0 ox018

©7 t2  0x0000000000000000 0+000000000000004c scall %0 x1 0x003

8 0 0x0000000000000000 0+0000000000000050 addi  x1 x0 0x020

9 =1 0x0000000000000000 0%0000000000000084 & x

0 x1 0x00%
ERROR: 0x0000000000000058: NO IMSTRUCTIC!

x15 a5  0x0000000000000000
%16 @  0x0000000000000000
x17 a7  0x0000000000000000
%18 2 0x0000000000000000
x19 53 0x0000000000000000
%20 =2 0x0000000000000000
%21 =5  0x0000000000000000
%2z =6  0x0000000000000000
%23 7  0x0000000000000000
x24 =8  0x0000000000000000
%25 3 0x0000000000000000
%26 510 0x0000000000000000
%27 =11  0x0000000000000000
%28 £3  0x0000000000000000 g Al
%29 t4  0x0000000000000000

%30 €5 0%0000000000000000 Clear I~ DMA QUT|

¥31té  0x0000000000000000
pil (B0 | [ | il b

Refresh |¥ HEX ¥ INT # FLP Regs || Refresh |# HEX W INT ¥ FLP # TXT Mem} ‘ Clear | Exe:} Cancel | Enter DA

coooooooeoo0OoOCDoOO0OOOOODoOGOOO
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3.

Input (Read Services)

Input system calls are carried out through ecall instructions in the following format:

ecall rd, rs, imm.

The three parameters rd, rs, and imm must be supplied although only two of them,

namely the destination register rd, and the immediate value imm are sufficient for

input. The value of the source register rs is ignored if 0. Otherwise it is interpreted as a

sequence of characters that is displayed as an input prompt.

The following read services are available:

read_integer (ecall rd, rs, 5) The value entered by the user is converted to
a 64-bit signed integer and is stored in the destination register rd. The value of
the source register rs is used as an input prompt if not 0. The syscall code is 5.
read _float (ecall rd, rs, 6) The value entered by the user is converted to a
64-bit floating point number and is stored in the destination register rd. The
value of the source register rs is used as an input prompt if not 0. The syscall
code is 6.

read _hexadecimal (ecall rd, rs, 7) The value entered by the user is
converted to a 64-bit unsigned integer and is stored in the destination register
rd. The value of the source register rs is used as an input prompt if not 0. The
syscall code 1s 7.

read _characters (ecall rd, rs, 8) The value entered by the user is converted
to a sequence of characters, each character corresponding to one byte, in little
endian order. If the obtained sequence of bytes is shorter than 8 it is padded
with zero bytes on the most significant side to complement it to 8 bytes. Note
that the sequence of entered characters does not have to be null-terminated as
the maximum number of characters is limited to 8 (the entered sequence of
characters is trimmed on its right side if longer than 8 bytes.) The final
sequence of 8 bytes is stored in the destination register rd. The value of the
source register rs is used as an input prompt if not 0. The syscall code is 8.
read _string (ecall rd, rs, 9) The value entered by the user is converted to
a sequence of characters, each character corresponding to one byte, in little
endian order. A null character (a O-byte) is automatically appended to the
entered string. The final sequence of characters is then copied to the memory

starting at the address provided in the destination register rd. Note that it is
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the responsibility of the user to ensure that there is enough memory space for
storing the entire entered string including the trailing null character. RVS will
silently allow overwriting of data areas but will issue an error message and
stop if overwriting of code is about to happen. The value of the source register

rs is used as an input prompt if not 0. The syscall code 1s 9.

An input example. The following assembly language code has been compiled and
executed in RVS:

;reserve memory for the input string

S: DM 3 ;3*8=24 bytes

;input prompts

p5: DC "int:"
pb6: DC "float:"
p/: DC "hex:"
p8: DC "chars:"
p9: DC "string:"

;load prompts in registers
1d x5, p5 (x0)
1d x6,p6 (x0)
1d  x7,p7(x0)
1d x8,p8 (x0)
1d x9,p9 (x0)

;input instructions
ecall x10,x5,5 ;integer
ecall f11,x6,6 ;float
ecall x12,x7,7 ;hexadecimal
ecall x13,x8,8 ;chars
addi x14,x0,s

ecall x14,x9,9 ;string

The resulting RVS window is shown in the following snapshot.
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|7 | RVS (RISC-V Visual Simulator) w0.46

File | Fnarme Help
+reserve memory for the input string |[assrnELy L1sTING =
B 3 :3%8=24 bytes \ADDRESS BIN/HEX CODE HEX OPERANDS INT OPERANDS
0x0000000000000000 DD 0x000000DO0D0000D s
;input promps 0x000DB0000DDO0B0S DD Cx000DOODOODE0O00D
bs: DC minew 0%0000000000000010 DD 0x000000DO0D0000D
pé: D rloat:t 0x000000000D000D15 DD 0x000D00DO3R746265 s
70 D "hexiv 0x0000000000000020 DD 0x0000IAT4E1626CEE ¥6s
ve: DC rehars:® 0x0000000000000028 DD 0x000000D03A7E6568 7
- D fstring:t 0x0000000000000030 DD 0x00003a73726168¢3 8!
0x000000000D000035 DD 0x003a676e 69727473 =t
;load prompts in registers 0x000D00000DO0D4D T OODODDD11000 DOODG DLl 0011 0ODODLL 1d %5 %0 0x018 1a x5,240x0)
1 x5, p5 (x0) 0x0000000000000044 I 000000100000 00000 O11 00110 0000011 ld ®6 %0 0x020 ld ®6,32(x0)
1d x6,p6 (x0) 0x0000000000000048 I 000000101000 00000 O11 00111 0000011 ld X7 x0 0x028 1ld x7,401(x0)
1ld ®7, 07 (%0) (0x000000000000004c I 000000110000 Q0000 O1l 01000 00000LL ld %8 x0 0x030 id ®8,48(x0)
1d x8, p8 (x0) 0x0000000000000050 I 000000111000 00000 O11 01001 0000011 ld x9 x0 0x038 1d x9,56(x0)
1d %9, p9 (x0) 0:x0000000000000054 I 000000000101 00101 000 01010 1110011 eeall %10 x5 0Ox005 ecall x10,X5,5
0x00000000000000S5 1 0ODOODO0DL10 00110 OO0 01011 1110011 eeall $11 x6 O0x006 ccall  £11,%6,6
;input instructions 0x000D00D0000O0BSC I OODOODODDII1 D011l OO0 01100 1110011 eeall  x12 x7 OxDOT ccall  xiz,x7,7
ecall x10,x5,5 ; inceger 0%0000000000000060 1 000000001000 01000 000 01101 1110011 seall %13 x8 O0x008 eoall  x13,x8,8
ecall £11,x6,6 ;float 0x0000000000000064 1 0ODOODO0DO0D 00000 000 01110 0010011 addi x4 x0 0x000 addi  x14,x0,0
ccall x12,x7,7 ;hexadecimal 0x000000000000006E I 0000ODO01001 D001 000 01310 1110011 eeall  x12 x3 02009 ccall  x14,x9,9
ccall xi3,x8,6 ;chars
addi x14,x0,3 STHBOL TABLE
ccall x14,x9,9 ;string 0x0000000000000040 START
0x0000000000000015 5
0%0000000000000020 36
0x0000000000000025 37
0x0000000000000030 5
0xD000800000000835 33 =l
0x0000000000000000 =
il 2l-lfi«d | e
Compie [¥ BIN ¥ HEX ¥ INT & TXT Source | nitPC Joccococonoonososse  START | Stop | Run | Newt | DT Listing
T Regs "~ ||[memonr A[[srarr —
X0 zero 0x0000000000DO00OO O ADDRESE HEZADECTHAL INTESER 0x0000000000000040 Ld x5 x0 OxD18
X1 ra  0x0OODDODDOODODDOO O 0x000000000000D00D 0x3736353433323130 337842561914191083; || 0x0000000000000044 1d X6 x0 0x020 :
x2 sp  0x000D000DOODODODO O 0%000000000000000 0x000D00000000353E 14645 0x0000000000000048 Ld x7 %0 0x028 sape
x3 gp  0xDDODOGODOODODOSD O 0x000000000D00DG1D 0x00DDGOO00K00GOD O 0x000000000000004¢ Ld x5 x0 0xD30 otring:0123456769
x4 tp  0x000D000DOODODDOO O 0x0000000000000018 0X00DD0D003=74669 950708969 0x0000000000000050 Ld 3 %0 0x038
X5 tD  0x000DD0DD3a748e69 950708963 0x000000D00D0000ZD 0xD00D3a74616£6c66 64271525309542 0x0000000000000054 ecall  x10 x5 0x005
X6 T 0xDDOD3&7616£6c65 64271525303542 0X000000D00DO0DNZS 0XOODDODO03 736565 SE0S65508 0x000000000000005E scall  Til x6 0x00s
X7 2 0xD00D000D3a78E565 980568808 0x0000000000000030 0x00003a7372616863 6426751463 6367 0x000000000000005¢ scall  x12 x7 0x007
X8 =0  0x0D0D3a7372616563 64267514636357 0x0000000000000035 0x003a676e65727473 16439272 562390131 0x0000000000000060 ecall  x13 xB 0x008
X3 51 0xD03a676269727473 16439272562390131 0x0000000000000064 addi  x14 xO 0x000
x10 aD  0xDDODOGODO0DODOOY 1 0x0000000000000068 ecall  xi4 x5 0x008
¥11 a1  0x000D000000DO0DDO O ERROR: 0x000000000000008z: NO INSTRUCTION
x1z az  0xDOODD0DDOODODODA 10
x13 a3 0xDOODDODDODG3 6261 6513249
x14 a3 0x0000000000DODDOO O
x15 a5 0x000D000DOODODDDO O =
x16 a5 0x000D000D00DODDOO O
x17 a7 0xDDODOGODOODODOCD O
¥18 s2  0x000D000D00DODDOO O
x15 =3 0x0O0DD00DOODODDOO O
x20 =3 0xDDOODOODOODO0OOD O
x21 =5 0x0000000000DO0DOO O
x22 =5  0x0OODD0DDOODODDOO O
x23 57 0x000D000D00DODDOO O
x24 =5 0xDDODOGODOODODOCD O
x25 =9 0x000D000D00DODDDO O
x26 510 0x0DODD0DDOODODDDO O
x27 S11  0%0000000000DO00D0 O
x28 £3  0x000D000D00DODDOO O K| Ll
x29 t4  0x00ODD00DOODODDOO O Clear ~ DMA OUT|
x30 £5  0x000D000D00DODDOO O
x31 t5  0x0DOO00ODDODO0OOD O
i | ol=lfal | R [ » K
Refresh |V HEX ¥ INT ¥ FLP Regs || Refresh |# HEX ¥ INT ¥ FLP ¥ TXT Mem || Clear Exec ancel | Enter ™ DA INP

An active input is indicated by a blinking rectangle (its color will be altering from gray
to red and vise versa.) The rectangle is denoted by a red circle in the screen snapshot

above.

The data can be entered in any of the formats explained in section "3.Constants" of the
RVS-Assembler manual. For example the integer value of 10 can be entered as 0b1010

(binary) or 012 (octal) or 10 (decimal) or OxA (hexadecimal).

To complete the input process, press the Enter key or click on the Enter button in the
bottom of the I/0 window. If your input cannot be converted to the desired data type an
error message will be displayed and the execution of your code will be stopped. Click
ether on the Run or on the Next button in the bottom of the Listing window to restart

the last input syscall and enter your data again.

If you click on the Cancel button the input process will be cancelled, the execution of
your program will be suspended, and all components of the GUI will become accessible.
You can restart the cancelled input syscall by clicking ether on the Run or on the Next

button in the bottom of the Listing window.
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RVS Input/Output System Calls

ecall rd rsl imm I/O System Call
Print Services Destination | Source | Code Function
print_integer x0:newline int64 0 rs1 holds the integer to print
print_ float x0:newline float64 1 rs1 holds the float to print
print_hexadecimal x0:newline hex64 2 rs1 holds the value to print as hex
print_characters x0:newline char64 3 rs1 holds up to 8 (padded with
(max 8) nulls) characters to print
print_string x0:newline addr64 4 rs1 holds the address of the
null-terminated string to print
Read Services Destination | Source | Code | Function
read_integer int64 prompt 5 an integer is read and stored in rd
read _float float64 prompt 6 a float is read and stored in rd
read _hexadecimal hex64 prompt 7 a hexadecimal value is read and
stored in rd
read _characters char64 prompt 8 up to 8 characters are read and
(max 8) stored in rd padded with nulls
read _string addr64 prompt 9 a string is read and stored in a

buffer starting at the memory
address provided in rd

Notes: The Read Services use as a prompt up to 8 (padded with nulls) characters from rs1.
The Print Services move to a new line after the print when x0 is specified as rd.
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