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SUNYSHB RISC PROCESSOR DESIGN

ISA for SUNYSE RISC Processzor

Mnemonie | Operands OP F.dest ImmH1/ Imml.o/ | Notes

Code OF Code Ezrc (* 1z Baselme)

[15:121 | [11:8] [7-4] [3:1]
ADD Barc, Fde=t D000 F.dest 0101 Barc i
ADDI Imm_ Rdest 0101 F.dex=t ImmHi Imml.o *z1zn extended Imm
ADDU Rarc, Rdest D000 F.dest Q110 Rarc
ADDUT Imm. Rdest 0110 F.dest ImmHi [onml.o sign extended Imm
ADDC Barc, Fdest D000 F.dest 0111 Farc
ADDCI Imm. Rdest 0111 F.dest ImmHi [onml .o =z1pn extendad Imm
MUL Rarc, Rdest D000 F.dest 1110 Rarc

MULT | mm Rdest | 1110 | Rdest | Immi | fmmio | sign extended imm

SUB Barc, Fdest LY F.dest 1001 Barc *
SUBI Imm_ Rdest 1001 F.de=t ImmHi Imml.o *z17n extended Imm
SUBC Bsre, Rdest LY E.dest 1010 Rarc
SUBCI Imm_ R.dest 1010 P.dest ImmHi Inmlo z1pn extended Imm
CMP Barc, Rde=t D000 F.dest 1011 Bazrc *
CMPI Imm. Rdest 1011 | Rdest ImmHi  Immlo *z1zn extended Imm
AND Barc, Fde=t D000 F.dest Q001 Farc .
ANDI Imm_ Rdest 0001 F.dext ImmHi Imml.o *zero extended Imm
OR Bsre, Rdest LY F.dest Qa1o Rarc *NOP=0F. R0, RO
ORI Imm_ Rdest 0010 F.dex=t ImmHi Immlo *zero extended mmm
XOFE. Barc, Fdest D000 F.dest 0011 Farc ¥
XOFRI Imm. Rdest | 0011 | Rdest ImmHi | Imml.o *zero extended Imm
MOV Barc, Rdest D000 F.dest 1101 Rarc *
MOVI Imm._ Rdest 1101 F.dest ImmHi Imml .o *zero extended Imm
LSH Bamount, Bdest | 1000 F.dest 0100 Famount | *-15 to 15 (25 cmpl)
LSHI Imm. R.dest 1000 F.dest 000s [mml .o *z=m1om ((Fleft. 2z cmpl)
ASHU Bamount, Bdest | 1000 F.dest 0110 Famount | -15 to 13 (2= compl)
ASHUT Imm_ Rdest 1 000 F.dest 001s [mml.o z=g1om (0-left, 2= compl)
LUI Imm. Rdest 1111 E.dest ImmHi Imml .o *load & £ bat left shift
LOAD Bdest, Faddr 0100 F.dest Q000 Eaddr %
STOE Bare, Faddr 0100 F=re 0100 Eaddr *
SINAE Bsrc, Rde=t 0100 F.dest Qa10 Rarc
IEXE Rarc, Fde=t 0100 F.dest Q110 Rarc
Scond B.dest 0100 F.dest 1101 Cond
Bcond Dizp - 1100 Cond DizpHi DizpLo *23 compl displacement
Jcond Riarpet 0100 Cond 1100 Riarget W
JAL Rlink, Rtarget 0100 Flink 1000 Ritarzet ¥
TBIT Boffzet, Farc 0100 F=rc 1010 R.offzet offzet=010 13
TBITI Imm. Rzrc 0100 B=re 1110 Offzet offzet=0 to 13
LPR Rare, Rproc 0100 E=rc Q001 R.proc
SPE. Bproc, F.dest 0100 Fproc 0101 F.de=t
DI 0100 Q000 0011 0000
EI 0100 Q000 0111 0000




EXCP vector 0100 - Q000 1011 Vector
EETX 0100 Q000 1001 Q000
WAIT D000 - 0000 0000 L
Unused D000 | 0100

Unused - 0000 | 1000

Unuzed D000 1100

Unuzed D000 1111

Unused 0100 1111

Unuzed 1000 0101

Unused 1000 ' 0111

Unuzed 1000 Ixx=

COMND Values for Jcond, Beond. and Scond

Anemonic Bt pattern Dezcniption PSE Values
EQ L equal =1
NE D001 not equal F={
GE 1101 ereater than or equal N=1 or 7=1
Ca 0010 carry zet C=1
CC 0011 | camry clear C=0
HI 0100 higher than L=1
LS 0101 lower than or zame as L=0
LO 1010 lower than L={ and 7=0
H5 1011 higher than or zame a3 =1 or Z=1
GT 0110 oreater than h=1
LE 0111 ' less than or equal N=0
ES 100D flag =et =1
FC 1001 flag clear F={)
LT 1100 less than IN=0 and Z=0
UC 1110 unconditional WA

1111 never jump NA

SUNYSB RISC PROCESSOR DESCRIPTION

The group projects for ESE 553 will be based on the processor specification grven m thiz document. The
proceszor specification 15 bazed on RISC concepts and 1z implemented as a three stape pipeline. It uses a 16
brt word and address space, although for simphicity, each address refers fo a complete word (fwo bytes), so
the addressz space 135 2717 bytes. All mstmctions are single word. Following the RISC approach, almeost all
mstructions refer to a 16 entrv register file. The nghest mibble 1z the operation code (OF Code), the next
nibble 1z usually the destination register addrezs, the remaming byte 1z an immediate data value for some
mnstructions, or iz split info a four bit operation code extension and a four bit source register address for
other instructions. (A few mstructions are different, zo read the specificafion carefully.) In order to make
the project feazible for most groups i the available time, a “baseline™ implementation 13 also given This
uzes a selected subset of the mstructions and the expectation iz that implementation of the baseline
processzor 13 the mimimum requi t for this course. Each group should plan a custormzation beyvond the
baseline, which makes the proceszor uzeful for a particular apphcation. Typically, this may mvolve adding
a few mstructions bevond the baseline, special registers which allow certain operations to be done more
efficiently, and an mmterface logic to external mput'output devices. All baseline instructions should be
implemented without chanpe. Added mstruchions should use the “unuszed opeedes™ which are listed in the



ISA_If it 1z neceszary to replace some of the additional mstructions (beyond baseline), discuss it with the
mstructor.

Elock diagram 1z given of the architecture of the bazeline processor as 2 gmdelme, but you are free to make
addiions and chanpes to it, but vou should zhll follow the BISC approach with pipelmed stapes. The
followmg sections dizcuss the functions of the instructions. You should also refer to the notes in the list of
msiruchon.

Notes on the Baseline Instruction Set

All ALU metmichions (except CMP, CMPI — see below) write the result back to the destination register.
Instructions ending with I are immediate and use the eight least significant bits of the mstmction as data,
the others are direct, (1.e. mstmction™ op Fsre/Tom Rdest”™ performs

Rdest <-Rdest op Imm (z1gn extended)

o
Rdest <- F.dest op Rsre
respectively)
For the baselme SUNYSB processcr, the mstructions marked with an astensk m the mstruchon table
should be mplemented. Successive memory addresses can refer to 16 bit words mstead of bytes. Of the

baseline subset of nstructions, the only ones which can change the program status register [PSRJ are the
anthmetic mnstruchon: ADD, ADDI, SUB, SUBL CMP, CMPI. CMP and CMPI p&rﬁ:um the zame

operations az SUB, SUBI but affect different PSE. flags (see below) and do not write back the rezult. Only
flags FLCNZ are needed for the bazeline mplementation.

ADD, ADDI, SUB, SUEI zet the C flag if a carmyv'bomow from the most sigmificant bit posihon occurs
when the operands are treated as unsipned numbers, and zet the F flag if an overflow occurs when the
operands are treated as two's complement mumbers. (Note: the processor does not kmow which
interpretation you are using, 30 must zet both flags appropniately for each operation.) CMP, CMPI perform
a subtraction without wnte back to Rdest and zet the Z flag if the result 13 zero, zet the L flag if Rere/Tmm =
Fdest when the operands are treated as unsigned numbers (Le. when a camy/'brmow cocurs), and set the N
flag if Rarc/Tmm > Rdest when the operands are treated az two’s complement numbers (N can be computed
as the exclusive-or or L and the sign bits of Fsrc/Tmm and Fdest ) All cther baseline instruchions leave the

flag unchanged

Jeond, Beond are absolute and relative jumps respectively based on the condition codes specified i the

condrtion code (cond) table. JAL (Jump and link) stores the address of the next instruction m Elink  and
Jumps to Rtarget. Itz maim use 15 for subroutme calls. Returmn with a JUC Rlink (where Rlink 15 the same

register used fo store the link).

L5H i1z a logcal left shift by the number of bitz specified m Rarc/Imm freated as a sigmed two’s
complement number (which st be in the range -13 to +13). A negative left shift 1z effectively a nght shift.

LOAD and STOR. mstruction load from, and store to the data memeory location whose address 13 1n register
Raddr. The NOP instruction iz really OR. 1010 and does not meed to be implemented separately.

Uncenditional jumps (JUMP) and branches (BR) are equvalent to JUC and BUC respectively, sc do not
need separate implementation erther. Compiler may have these alternative mstrochion ops for convenience,
however.

LUI {load upper immediate) loads the § bit immediate data mio the upper (most sigmficant) bitz of the
destination register.

MOV copies the source register or immediate into the destination resister.

Notes on the Additional Instruction Set



