Instruction Set ComparisonsCS 740Sept. 24, 1996Topics¥Code Examples—Procedure Linkage—Sparse Matrix Code¥Instruction Sets—MIPS—PowerPC—VAX

CS 740 F�96— 2 —Procedure ExamplesProcedure linkage¥Passing of control and data¥stack managementControl¥Register tests¥Condition codes¥loop countersint rfact(int n){ if (n <= 1) return 1; return n*rfact(n-1);}int ifact(int n)

Code Example

CS 740 F�96— 3 —MIPS rfactRegisters¥$4Argument n¥$16 Saved n—Callee saveStack Frame¥24 bytes¥return PC¥$16rfact: subu $sp,$sp,24 # Allocate stack frame sw $31,20($sp) # Store return PC sw $16,16($sp) # Store $16

mflo $2 # compute return value

$L3:

lw $31,20($sp) # Restore return PC

lw $16,16($sp) # Restore $16

addu $sp,$sp,24 # Remove stack frame

j $31 # return

.end rfact

CS 740 F�96— 4 —MIPS ifactRegisters¥$3 i¥$4 n¥$5resultStack Frame¥noneifact:# $3 i# $4 n# $5 result li $5,0x00000001 # result <- 1 slt $2,$4,2 # $2 <- n < 2 BNE $2,$0,$L6 # if < goto $L6 li $3,0x00000002 # with i <- 2

$L6:

J $31 # return

move $2,$5 # with result

CS 740 F�96— 5 —Power / PowerPCHistory¥IBM develops Power architecture—Basis of RS6000—Somewhere between RISC & CISC¥IBM / Motorola / Apple combine to develop PowerPC architecture—Derivative of Power—Used in Power MacintoshCISC-like features¥Registers with control information—Set of condition registers (CR0—7) holding outcome of comparisons—

CS 740 F�96— 6 —PPC rfactRegisters¥r3—argument n—return val¥r31 saved arg¥CR0 comparisonInstructionsmfspr move from special purp. reg.cmpi compare immediatecal

cmpi 0,r3,1 # compare n to 1

st r0,8(SP) # save return PC

cal r31,0(r3) # r31 <- n

stu SP,-64(SP) # save & update SP

ai r3,r3,-1 # r3 <- n-1

# if comparison result is >, goto __Le8

bc BO_IF,CR0_GT,__Le8

l r31,60(SP) # restore r31

cal r3,1(r0) # return val <- 1

ai SP,SP,64 # restore SP

bcr BO_ALWAYS,CR0_LT # return

__Le8:

bl .rfact # call rfact

muls r3,r3,r31 # compute result

l r12,72(SP) # r12 <- return PC

ai SP,SP,64 # restore SP

mtspr LR,r12 # set return PC

l r31,-4(SP) # restore R31

bcr BO_ALWAYS,CR0_LT # return

CS 740 F�96— 7 —PPC rfact Stack FrameFrame¥64 bytes¥old SP¥return PC (in caller�s frame)¥R31saved SP

CalleeFramesaved r310return PC

CallerFrameStackPointer

87264

Address

CS 740 F�96— 8 —PPC ifactRegisters¥r3—argument n— result¥r4i¥CR0 comparison¥CTR counterStack Frame¥none.ifact:# r3 argument n & result

__L8c:

muls r3,r4,r3 # result *= i

ai r4,r4,1 # i++

# decrement & loop if nonzero

bc BO_dCTR_NZERO,CR0_LT,__L8c

bcr BO_ALWAYS,CR0_LT # return

CS 740 F�96— 9 —VAXPinnacle of CISC¥Maximize instruction density¥Provide instructions closely matched to typical program operationsInstruction format¥OP, arg1, arg2, �—Each argument has arbitrary specifier—Accessing operands may have side effectsCondition Codes¥Set by arithmetic and comparison instructions¥Basis for successive branchesProcedure Linkage¥

CS 740 F�96— 10 —VAX Operand SpecifiersExamplesNotationValueSide EffUseRiriGeneral purpose register$vvImmediate data(Ri)M[ri]Memory referencev(Ri)M[ri+v]Mem. ref. with displacementA[Ri]M[a+ri*d]

Ri += d

Stepping pointer forward

-(Ri)

M[ri-d]

Ri -= d

Stepping pointer back

@(Ri)+

M[M[ri]]

Ri += 4

Step through pointer table

CS 740 F�96— 11 —VAX Registers¥R0—R11General purpose—R2—R7 Callee save in example code—Use pair to hold double¥R12APArgument pointer—Stack region holding procedure arguments¥R13FPFrame pointer—Base of current stack frame

R15 PC Program counter — Used to access data in code

CS 740 F�96— 12 —VAX Procedure LinkageCaller¥Push Arguments—Relative to SP¥Execute CALLS n, proc—n denotes number of arguments—proc starts with mask denoting registers to be saved on stackCALLS Instruction¥Creates stack frame—Saved registers, PC, FP, AP, mask, PSW¥Sets AP, FP, SPCallee

CS 740 F�96— 13 —VAX rfactRegisters¥r6saved n¥r0return valueStack Frame¥save r6Note¥Desination argument last_rfact: .word 0x40 # Save register r6 movl 4(ap),r6 # r6 <- n cmpl r6,$1 # if n > 1 jgtr L1 # then goto L1

CS 740 F�96— 14 —VAX ifactRegisters¥r0result¥r1i¥r2nStack Frame¥No saved regs._ifact: .word 0x0 # no saved regs. movl 4(ap),r2 # r2 <- n movl $1,r0 # result <- 1 movl $2,r1 # i <- 2 cmpl r1,r2 # if i > n

ret # return

CS 740 F�96— 15 —Sparse Matrix CodeTask¥Multiply sparse matrix times dense vector—Matrix has many zero entries—Save space and time by keeping only nonzero entries—Common applicationCompressed Sparse Row Representation [(0,3.5) (1,0.9) (3,2.2)] [(1,4.1) (3,1.9)] [(0,4.6) (2,0.7) (3,2.7) (5,3.0)] [(2,2.9)] [(2,1.2) (4,2.8)] [(5,3.4)]3.50.92.24.11.94.60.72.73.02.91.22.83.4

CS 740 F�96— 16 —CSR EncodingParameters¥type[Allows different formats]¥nrowNumber of rows (and columns)¥nentriesNumber of nonzero matrix entriesVal¥List of nonzero values(nentries)Cindex¥List of column indices(nentries)Rstart

double *val;

int *cindex;

int *rstart;

} csr_rec, *csr_ptr;

CS 740 F�96— 17 —CSR ExampleParameters¥nrow = 6¥nentries = 13Val [3.5, 0.9, 2.2, 4.1, 1.9, 4.6, 0.7, 2.7, 3.0, 2.9, 1.2, 2.8, 3.4]Cindex [0, 1, 3, 1, 3, 0, 2, 3, 5, 2, 2, 4, 5]Rstart [0, 3, 5, 9, 10, 12, 13] [(0,3.5) (1,0.9) (3,2.2)] [(1,4.1) (3,1.9)] [(0,4.6) (2,0.7) (3,2.7) (5,3.0)] [(2,2.9)] [(2,1.2) (4,2.8)] [(5,3.4)]

CS 740 F�96— 18 —CSR Multiply: Clean Versionvoid csr_mult_smpl(csr_ptr M, double *x, double *z){ int r, ci; for (r = 0; r < M->nrow; r++) { z[r] = 0.0; for (ci = M->rstart[r]; ci < M->rstart[r+1]; ci++) z[r] += M->val[ci] * x[M->cindex[ci]]; }}

CS 740 F�96— 19 —CSR Multiply: Fast VersionPerformance¥Approx 2X faster¥Avoids repeated memory referencesvoid csr_mult_opt(csr_ptr M, ftype_t *x, ftype_t *z){ ftype_t *val = M->val; int *cindex_start = M->cindex; int *cindex = M->cindex; int *rnstart = M->rstart+1; ftype_t *z_end = z+M->nrow; while (z < z_end) { ftype_t temp = 0.0; int *cindex_end = cindex_start + *(rnstart++); while (cindex < cindex_end) temp += *(val++) * x[*cindex++]; *z++ = temp;

CS 740 F�96— 20 —PPC Inner LoopRegisters¥r3*cip¥r4x¥r10valp-8¥r11cip¥fp3 temp while (...) temp += *(valp++) * x[*cip++];__L208:

CS 740 F�96— 21 —VAX Inner LoopRegisters¥r4cip¥r2,r3temp¥r5valp¥r6cip_end ¥r10x while (...) temp += *(valp++) * x[*cip++];L36:

CS 740 F�96— 22 —Performance ComparisonExperiment¥10 X 10 matrices¥100% density¥100 multiply accumulatesMachineMHzmsecsCycles/EleMIPS25 365 18PPC 60162 63 8PPC 60375 125 19

2448

122?

CS 740 F�96— 23 —SummaryMIPS¥Simple register state¥Every operation has single effect—Load, store, operate, branchVAX¥Hidden control state¥Operations vary from simple to complex¥Side effects possiblePower PC¥Complex control state¥Operations simple to medium