
HW 03 - Solutions 

 

1.a, b Latencies 

 

 Compiler A Compiler B 

rAlpha 7000*1.2/(3.4*109) = 2.47x10-6 5000*1.5/(3.4*109) = 2.20x10-6 

c86 1500*2.2/(2.6*109) = 1.26x10-6 1000*4.0/(2.6*109) = 1.53x10-6 

rAlphaX 2250*1.5/(3.4*109) = 9.93x10-7 1750*1.8/(3.4*109) = 9.26x10-7 

c86x4 625*3.2/(2.6*109)  = 7.69x10-7 500*5.0/(2.6*109) = 9.61x10-7 

 

1.c - rAlphaX has the highest value for 

   (Cycles/s) *Cores/(Dollars2) 

   3.4*109 *      4  / 1702 

  =  4.706 x 105 cycles*cores/(seconds*dollars2) 

 

The metric is not very useful because 1.b shows that the c86x4 has the same number of 

cores, costs the same amount, but programs can run faster on it -- this metric is not 

indicative of a good computer for the price. 

 

1.d - 1/(Latency*Power2) (bigger is better metric) or Latency*Power2 (smaller is better 

metric). If Power is not valued more, the metric does not show rAlpha as the best 

processor. 

 

2.1. 

 Xa = 20/185, Xc = 10/185, Xe = 5/185. Sa = Sc = Se = 1.15. 

Amdahl's Law: S = 1/(20/185/1.15 + 10/185/1.15 + 5/185/1.15 + 1 - 20/185 - 10/185 - 5/185) 

Speedup = 1.0253. 

New Execution Time = 185/1.0253 = 180.435s.  

 

2.2 

Xb = 80/185, Sb = 1.10. 

Amdahl's Law: S = 1/(80/185/1.10 + 1 - 80/185) 

Speedup = 1.0409. 

New Execution Time = 185/1.0409 = 177.731s.  

 

2.3 

Xd = 70/185, Sd = 1.10. 

Amdahl's Law: S = 1/(70/185/1.10 + 1 - 70/185) 

S = 1.0356. 



New Execution Time = 185/1.0356 = 178.64s. 

2.4 

 

 

3.a 8 Registers: 

1. 26 bits. 

Opcode=6 Rs=3 Rt=3 Rd=3 Shamt=5 Funct=6 

 

2. 28 bits. 

Opcode=6 Rs=3 Rt=3 Immediate=16 

 

3. Smaller instruction encoding may mean smaller programs -- this may be difficult in 

practice since the reductions aren't byte-aligned, so addressing subsequent instructions 

is difficult. It also breaks the MIPS tenet of fixed-length instructions. Programs may 

increase in size because fewer registers means more data will 'spill' into memory, 

leading to more load/store instructions. 

 

3.b 10 bit immediate constants: 

 

1. No change. 

2. 26 bits. 

Opcode=6 Rs=5 Rt=5 Immediate=10 

 

3. Smaller instruction encoding may mean smaller programs -- this may be difficult in 

practice since the reductions aren't byte-aligned, so addressing subsequent instructions 

is difficult. It also breaks the MIPS tenet of fixed-length instructions. Programs may 

increase in size because to use immediate numbers larger than 10-bits, you need 

additional shift/or instructions. 

 

3.c 128 Registers: 

1. 38 bits. 

Opcode=6 Rs=7 Rt=7 Rd=7 Shamt=5 Funct=6 

 

Computing Time Ratio Routing 

Time Ratio 

(12+44+4+34+2)/(20+78+9+65+4) = 0.545 13/11 = 1.18 

(1+23+3+19+3)/(12+44+4+34+2)  = 0.510 17/13 = 1.31 

(4+13+1+10+2)/(1+23+3+19+3)    = 0.612 22/17 = 1.29 

(2+5+1+5+1)/(4+13+1+10+2)        = 0.467 23/22 = 1.05 

(1+3+0.5+1+1)/(2+5+1+5+1)         = 0.464 26/23 = 1.13 



2. 36 bits. 

Opcode=6 Rs=7 Rt=7 Immediate=16 

 

3. Longer instruction-encoding means longer programs that do the same operations. 

The instruction formats may be even larger than indicated above since the increases 

aren't byte-aligned and addressing subsequent instructions is difficult. It also breaks the 

MIPS tenet of fixed-length instructions. Programs may decrease in size because more 

registers means you can 'hold' onto more data in the processor without going out to 

memory, leading to fewer load/store instructions. 

 

3.b Base addressing mode: 

 

1. 48 bits 

Opcode=6 Rs=5 Rt=5 Rd=5 Shamt=5 Funct=6 Immediate=16 

R-type instructions use the opcode 000000, and the funct to denote the operation. Using 

an unused opcode (there are many) and the same funct combinations, all instructions 

with base addressing can be added. The length of the immediate was unspecified -- 16 

is a good choice since it is a half-word, and the size used in I-type instructions. However, 

no instruction that uses the shamt field can have based addressing as asked in the question, so it 

is possible to use the shamt field and allow only 5-bit offsets and retain the instruction length. 

 

2. No change - no I-type instructions are affected by the change.  

3. A larger instruction format means programs that cannot make use of the new 

addressing mode will be longer. This may be further exacerbated by extending I and J-

type instructions to 48-bits as well, to keep instructions fixed-length. However, based-

addressing allows many load operations to be combined into an arithmetic instruction -

- this is a reduction from 2*32 bytes to 48 bytes for each such reduction. A program that 

heavily uses this might grow smaller. If I and J-types are made 48-bytes as well, 32-bit 

immediate constants and longer jump offsets may also contribute to reducing the 

program length (though unlikely). If the shamt field is used, the program will not grow larger 

with this addition, though it may grow smaller. However, adding base-addressing still adds 

complexity to the processor that may slow the program down. It is also less useful with just 5-bit 

offsets. 


