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First: Languages



What about Hardware?



Hardware Description Languages (HDL)

Common HDLs

e VHDL
e \erilog / SystemVerilog

Used to describe hardware - like a CPU
e Compiles to a “netlist” rather than assembly

Used in testing or for deployment on FPGAs



What does a computer (CPU) do?



CPU

Executes instructions
Needs a common language to work on

e Compilers
e Assembly

Different modules, execution blocks, for different purposes

Forms of speeding up instruction execution (see next presentation 33)



How do the instructions execute?
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R . jr rsl unconditional branch to register address PC «— X[rs1]
RISC-V OTTER Assembly Instruction Overview 1a d, symbol load absolute address of symbol X{rd] — &symbol
1b rd,imm(rsl) load byte X[rd] < sext( M[X[rs1] + sext(imm) ] [7:0] )
Table 12 lists RISC-V OTTER instructions; shaded instructions are pseudoinstructions 1lbu rd,imm(rsl) load byte unsigned X[rd] < zext( M[X[rs1] + sext(imm)] [7:0] )
Instruction Description RTL C t 1h rd,imm(rsl) load halfword X[rd] < sext( M[X[rs1] + sext(imm) ] [15:0] )
add rd, rsl,rs2 addition X[rd] — X[rs1] + X[rs2] l!_lu xd, %n\In(rsl) load halfwmfd unsigned X[rd] — gext( M[ X[rs1] + sext(imm) ] [15:0] )
addi  rd,rsl,imm addition with immediate X[rd] < X[rs1] + sext(imm) ) Ec load immediate X[rd]  imm = -
and rd,rsl,rs2 bitwise AND Xird] — Xirs1] - Xlrs1] lW_ rd,?m!n(:sl) load word into register X[rd] — M[X[rs1] + sext(imm) ] [31:0]
andi  rd,rsl,imm Bitwise AND immediate Xlrd] — Xrs1] - sext(imm) ST load upper immediate_ Xird] — imm < 12 _ -
auipc _rd,imm add upper immediate to PC X[rd] — PC + (sext(imm)<<12) = machinemods.exception Fetiiri PO CSRImepo) G &
beq rsl,rs2,imm branch if equal PC « PC + sext(imm) if (X[rs1 imm # value Lt £ rat INoVS) X[rd] — Xrs1]
beqz _ rsl,imm branch if equal to zero PC — PC + sext(imm) if (X[rs1 imm # value nCoBEErd, £32 negalc e Xjrd] < -X[rs2]
bge rsl,rs2,imm branch if greater than or equal PC < PC + sext(imm) if (X[rs1] 2s X[rs2]) imm # value :Zi 7d 252 z'c_:eosp:;:mlr;mem ;a:é f%a:;? =4
bgeu rsl, rs2,imm branch if greater than or equal unsigned PC — PC + sext(imm) if (X[rs1] 2u X[rs2]) imm # value = rdl L bitwics incﬁusive OR Xird] — X(rs1] | Xirs2]
bgez rsl,imm branch if greater than or equal to zero PC «— PC + sext(imm) if (X[rs1] 25 0) imm # value - - - o — - T g
bgt rsl,rs2,imm branch if greater than PC — PC + sext(imm) if (X[rs1] >s X[rs2]) imm # value ors =4, Esinm BitmSs inclusive OR immediatel Xlrd] < Xfrs1] | sext(imm)
bgtu  rsl, rs2,imm branch if greater than unsigned PC — PC + sext(imm) if (X[rs1] >u X[rs2]) imm # value EeY - e fim fmm_ SUBIOTiinG) PC — X1 .
bgtz rsl,rs2,imm branch if greater than zero PC « PC + sext(imm) if (X[rs1] >s 0) imm # value sb re2;dmm{rsl) storg byte inimemory. M[ X[rs1] + sext(l_Tm) ],;* .X[TSZ][7:D]
ble rsl,rs2,imm branch if less than or equal PC < PC + sext(imm) if (X[rs1] <s X[rs2]) imm # value Sezz rg’ rs; sel !f =qualltozero 2l (AL ;_ 0 ),,' 1_' 0
bleu rsl,rs2,imm branch if less than or equal (unsigned) PC — PC + sext(imm) if (X[rs1] < X[rs2]) imm # value Seis__isenids sefiifigreaterthanizerc Xrd] — (X[rs2] >s0)? 1:0 :
blez  rsl,rs2,imm branch if less than or equal zero PC — PC + sext(imm) if (X[rs1] <s 0) imm # value £ rsi 'l.‘mm (rsi) store haliwerdiinfmemory. MEX[rs1) & sext(!mm) ) < X[rs2[15:0]
blt rsl,rs2,imm branch if less than PC — PC + sext(imm) if (X[rs1] <s X[rs2]) imm # value ud ¥s2, imm(rsl) store word M[ X[rs1] + sext(imm) ] H_X[’SZ]
bltz rsl,imm branch if less than zero PC < PC + sext(imm) if (X[rs1] <s 0) imm # value Sll_ rd;rsl ,1.”52 Iog!cal Sh!ﬂ Isft B = Xlrd]« X[rs1] << ?([rs2][4.0]
bltu rsl,rs2,imm branch if less than (unsigned) PC — PC + sext(imm) if (X[rs1] <u X[rs2]) imm # value s11i od,rsl,imm logical shift left immediate X[rd] < X[rs1] << imm[4:0]
bne rsl,rs2,imm branch if not equal PC — PC + sext(imm) if (X[rs1] # X[rs2]) imm # value Slt_ BdjFel "_:52 set ff less than . i X(rd] < (X[rs1] <s X["SZ_] 24150
bnez rsl,imm branch if not equal to zero PC — PC + sext(imm) if (X[rs1] # 0) mmZvalie Slt:_L rd, rsl e set !f less than !mmed!ate i X[rd] < ( X[rs1] <s sext(l.rnm) )21: 0
call label branch to subroutine X[rd] < PC + 8; PC « &symbol imm # value sltin _rd;rsl;dmm set if less than immediate unsigned X[rd] < (X[rs1] <usext(imm))? 1:0
WARNING: overwrites X6 (rd=X1 if rd omitted) overwrites X6 sitm  xdopsl zss set if less than unsigned X[rd] — (X[rs1] <, X[rs2]) ? 1: 0
csrrc rd,csr,rsl control & status reg read and bit clear X[rd] < CSR([csr]; CSR[csr] < CSR[csr] & ~rs1 clears part of reg sltz rj’ rs; st !f lossbanizor X E 0 ),,? 1_: 0
csrrs  xd,csr,rsl control & status reg read and bit set X[rd] — CSRcsr]; CSR[csr] — CSRIcsf] | rs1 sets part of reg Z:iz :d’z:]_ = :::r::;ﬁ:gl‘:;tl :IO E?m ;{E} = g(?g:]zl’: OX)[r$21] '[40_0]
csrrw rd,csr,rsl control & status register read & write X[rd] < CSR(csr]; CSR[csr] < rs1 writes entire reg = d' T = - ic shift ‘gh = i Xrd Xirs1 ): - 4,0'
csrw rsl,csr control & status register write CSRcsr] « rs1 e arlthmetlg St ng fimmeda [rd)  X[rs1] >>s imm] "]
J imm unconditional branch PC < PC + sext(imm) imm # value srl. el '?52 Iogfcal Sh!ﬂ r}ght = - Xrd]ee=Xrs1] 22 X[rsZ][A.O]
jal rd, imm = : X[rd] — PC + 4; PC — PC + sext(imm) imm = valie srli rd, rsl,imm logical shift right immediate X[rd] < X[rs1] >> imm[4:0]
521 Tom unconditional branch with offset rd=X1 if rd omitd sub rd, rsl,rs2 subtraf:t X[rd] < X[rs1] = X[rs2]
jalr rd,rsl,imm N xor_ rd,rsl, ?52 exclus!ve OR _ X[rd] < X[rs1] * X[rsZ_]
jair rsl unconditional branch with offset & link X[rd] — PC+4; PC « (X[rs1] + sext(imm)) & ~1 :r:&T ;arlt:lzmitd zopl edizelidem exclusive OR immediate X(rd] < X[rs1] * sext(imm)
jalr rsl,imm " . . ——
3= Ts1 Unconditional branch to register address PC — X[rs1] Table 13: RISC-V OTTER Instructions with RTL description.
la rd, symbol load absolute address of symbol X[rd] < &symbol




Thanks

Stick around CARP for more presentations in the future:

e Advanced CPU Architecture (CPE333 and Beyond)
e CPU vs. GPU Architecture
e Introduction to Research



